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on the pathogenesis 
of pyelonephritis: 


“An inflammatory reaction here [renal papillae] 
may produce sudden rapid impairment of renal 
function. One duct of Bellini probably drains more 
than 5000 nephrons. It is easy to see why a small 
abscess or edema in this area may occlude a por- 
tion of the papilla or the collecting ducts and may 
produce a functional impairment far in excess of 
that encountered in much larger lesions in the 
cortex.”! 

The “exquisite sensitivity”? of the medulla to 
infection (as compared with the cortex), highlights 
the importance of obstruction to the urine flow in 
the pathogenesis of pyelonephritis. “There is good 
cause to support the belief that many, perhaps 
most, cases of human pyelonephritis are the result 
of infection which reaches the kidney from the 
lower urinary tract.” 


to eradicate the pathogens no matter the pathway 


FURADANTIN 


brand of nitrofurantoin 


High urinary concentration ¢ Glomerular filtration plus tubular excretion ¢ Rapid antibacterial 
action @ Broad bactericidal spectrum @ Free from resistance problems ¢ Well tolerated—even after 
prolonged use @ No cross resistance or cross sensitization with other drugs 
Average Furadantin Adult Dosage: 100 mg. tablet q.i.d. with meals and with food or milk on retir- 
ing. Supplied: Tablets, 50 and 100 mg.; Oral Suspension, 25 mg. per 5 cc. tsp. 
References: 1. Schreiner, G. E.: A.M.A. Arch. Int. M. 102:32, 1958. 2. Freedman, L. R., and Beeson, P. B.: Yale J. Biol. & Med. 30:406, 
1958. 3. Rocha, H., et al.: Yale J. Biol. & Med. 30:341, 1958. 

” NITROFURANS—a unique class of antimicrobials 
@ EATON LABORATORIES, DIVISION OF THE NORWICH PHARMACAL COMPANY, NORWICH, N. Y. 
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ENGLAND 


BECAUSE WE ARE SPECIALISTS IN 


SYNTHESIS 


Our entire staff of chemists (the largest in 
the field) is exclusively devoted to process- 
ing radioactive chemicals. Their combina- 
tion of experience and knowledge assures 
you of receiving only the purest labeled 
compounds, Also, you may freely call on 
these skilled chemists for advice in de- 
veloping speciai compounds to meet your 
precise needs. Each order received is given 
careful, custom treatment. Service to you 
is our primary concern. May we send you 
our latest catalog? 


In total . . . for chemical competence, 
service, packaging and purity, we offer 
you the advantages of specialization. 


new england corp. 
575 ALBANY ST. SOSTON 18, ED or 
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For the finest quality biochemicals at economical prices, 
call N.B.Co. today and you will receive them anywhere in 
the U.S. tomorrow. 


NUTRITIONAL BIOCHEMICALS CORPORATION 


21010 MILES AVENUE CLEVELAND 28, OHIO 


| Send for our free FEBRUARY, 1961 Catalog containing 
more than 2600 items. Fill out coupon and mail today 


for your copy. 
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CURRENT ? 10N brings the student up to 
field of biochemistry; The general 
retained but with changes in approach designed 


thoroughly integrat understanding of biochemistry I, 


in medicine. ‘ 


new MATERIAL F 

Acid-base balance * Electrolyte and water balance ° Plasma 
proteins ° Lipids, carbohydrates, enzymes, proteins am vi- 
_tamins ° Adsorption from the intestine ° Nutrition ° Detoxi- 


‘eation*mechanisms ° Inorganic elements. 


}wo NEW CHAPTERS gt 


e Nucleic Acid Metabolism. 
IMPORTANT FEATURES 


. ¥ 
e 173 excellent illustrations and diagrams. 
» Supplementary information ingsmall put readable type, 


which may be omitted if net fary without breaking the 
— _continuity 0 i id 4 
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e Composition and Metabolism of specighiBssues. 4, ‘f gl ‘ 
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Versatol-A Alternate _ 








Reflections of a Blood Chemistry Standard 


To reflect without distortion chemical 
changes in the patient, a new standard-in- 
serum is now available to extend the range 
of the Versatol series. 


VERSATOL-A ALTERNATE, the new 
product for the quality clinical laboratory, 
has each of 16 constituents standardized in 
the abnormal range. 


VERSATOL-A ALTERNATE is essen- 
tially a mirror image of Versatol-A. 
VERSATOL-A ALTERNATE provides 
blood chemistry values constructed for clin- 
ically significant pathologicai areas different 
from those in VERSATOL-A. 


For example, the PBI in Versatol-A is 
abnormally low, the area which so often 
proves troublesome. In VERSATOL-A 
ALTERNATE the PBI is abnormally high 
— because so many have asked for an abnor- 
mally high reference point to use in calibra- 
tion—and, of course, as a control for elevated 
PBI specimens, 


Of course, Versatol is the ideal normal 
serum standard and control. All three stand- 
ards derive from a human serum base—with 
specific constituents selectively dialyzed out 
—or reduced to a constant level. Their 
known absolute values are actual weigh-in 
values, as is true vi any primary standard. 


Remember: In the Versatol series you 
have the quality standard and control serum 
products at routine control prices. 


Initially, VERSATOL-A ALTERNATE is available 
in boxes of 10 vials each. Reconstitution with 
5 ml. of distilled water provides a 5.3 ml. of 
standard solution per vial. Cost to the laboratory, 
like Versatol and Versatol-A 10's, is $21.00 per 
box, or $0.39 per ml. 


Place your order today for VERSATOL-A 
ALTERNATE and the other products in the Versatol 
series. 


GENERAL DIAGNOSTICS owsion WARNER-CHILCOTT ow monnis riains. wa 
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FRACTION 
COLLECTING . 











with ONE Fraction Collector and plug in controls 


Interchangeability features in the RSCo equipment offer sharp cost reductions in reliable and versatile fraction siaiaee i 
collection. With this one fraction collector you may use any of the three common techniques when you need them. 

@ The basic unit provides volumetric siphoning. A plug-in control, obtainable at any time, permits timed flow. 

Another does drop counting. @ Highly precise controls give consistent results. Continuous runs of up to 500 

fractions are possible in small space. A variety of accessories provide many refinements. @ Write for details on 

other practical features. 


Drop-Counter plug-in control 
(photo-electric detector) 


RESEARCH SPECIALTIES CO. DEPT.S 


200 SOUTH GARRARD BLVD. RICHMOND, CALIFORNIA 
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Tissue-Tek System 


new, efficient way to prepare embedded specimens 


Embedded specimens are easy to prepare, easy 
to locate with the new Tissue-Tek System. It’s 
a complete and uniform method for preparation 
and filing. And it works like this: after the 
proper size base mold for the specimen has been 
selected, mold is filled with paraffin. Embedding 
ring is then placed on base mold and filled with 
paraffin. After paraffin has cooled, embedding 
ring is separated from base mold. Edges are 
clean and perfectly square, and every block 
will ribbon. Locating specimens is equally sim- 
ple. Each ring has etched margins for file num- 
ber, identification is foolproof. The modular, 
metal filing case itself, for specimens in process, 


has 6 plastic drawers that accommodate 1,000 
embedding rings; fiber case with interchange- 
able drawers provides permanent storage. In the 
busy tissue processing laboratory, the Tissue-Tek 
System saves both time and paraffin. 

To set up your Tissue-Tek System, we recommend the 
following initial purchase: 

No. 67342A—S/P Tissue-Tek Filing System. 6 plastic 
drawers, in fiber case, 9%” wide, 16%” deep, 15” high, 
1,000 embedding rings, 4 oz. mold release concentrate 


and instructions, but without base molds... .....$49.50 
(Your choice of 7 sizes in base molds) 


No. 67342C—Tissue-Tek Metal Case only, with 6 plastic 


drawers but without embedding rings............ $54.50 
Manufactured by Lab-Tek Plastics Company 


Ask your S/P Representative for a demonstration or write... 





scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston - 
Los Angeles - Miami + Minneapolis - 


Chicago * Columbus - Dallas + Kansas City 
New York + San Francisco + Washington 


Export Department—Flushing 58, L. I., New York. In Canada: Canadian Laboratory Supplies Limited. 


In Mexico: Hoffmann-Pinther & Bosworth, S. A. 








BI OOD a measurement of increasing 
clinical significance 


now possible with: 


@ Single drop of capillary blood 
@ Temperature control 

@ High accuracy 

@ Simple fast technique 

@ Anaerobic conditions. 


For quotations and further details write to: 


THE LONDON COMPANY , RADIOMETER 


CLEVELAND 1} COPENHAGEN, DENM 


Cana Supplies mited 








Sound guidance . 


New! 
Orr —— Vertebrate Biology 


Iogically organized for classroom work, this beauti- 
fully illustrated textbook provides excellent material 
on North American vertebrates for students of zoology, 
conservation and wildlife, or science teachers in train- 


ing. 
Sy You'll find valuable discussions on each type of animal 
-fishes, birds, amphibians, reptiles, and mammals. 
Their organ system and their general and special 
characteristics are carefully examined. This fine vol- 
ume features useful information on systematics, dis- 
tribution, territory and home range, population move- 
ments, dormancy, reproduction, etc. 


By ROBERT T. ORR, Ph.D., Curator of Birds and Mammals, California 
Academy of Sciences; Professor of Biology, University of Sau Francisco. About 
490 pages, 644” x 934”, illustrated. About $7.50. New—Ready in April! 


New! 
Carpenter —— Microbiology 


Here is a clearly written text ideally suited for a one 
semester course on microbiology. The author provides a 
wealth of material on each of four phases of microbial 
life: A general survey of microorganisms; A detailed 
study of the biology of bacteria; The ecologic relation- 
ships and role of microorganisms in natural or con- 
trolled environments; The interactions of pathogenic 
microorganisms with their animal or plant hosts. 
You'll find this text presents excellent coverage for the 
student who wants background information or a 
foundation for advanced work. 


By PHILIP L. CARPENTER, Ph.D., Professor of Bacteriology, University 
of Rhode Island. About 480 pages, with 246 illustrations. About $6.75. 
New—Ready in April! 


. from Saunders 


New (2nd) Edition 
Beckman —— Pharmacology 


This extremely valuable guide incorporates the latest 
advances in drug therapy to give you an up-to-date 
picture of all drugs in current use. You'll appreciate 
these useful features: (1) Each drug is classified accord- 
ing to the body function it affects. (2) All determined 
actions of drugs are stated. (3) Every drug, including 
such fast-changing agents as the tranquilizers, ener- 
gizers, antibiotics, diuretics, and analgesics, is listed 
here. (4) Dosage schedules are listed. (5) Drugs within 
classes are contrasted according to their usefulness. 
The first edition of this volume was titled, DRUGS: 
THEIR NATURE, ACTION, AND USE. 


By HARRY BECKMAN, M.D., Chairman, Departments of Pharmacology, 
Marquette University Schools of Medicine and Dentistry. 804 pages, 7” x 10”, 
with 105 illustrations. $15.50. New (8nd) Edition—Just Ready! 


New (3rd) Edition 


Krause —— Food, Nutrition, and 
Diet Therapy 


The relationship of diet care to total care is strongly 
emphasized in this thoroughly practical manual. A 
great deal of immediately applicable information on 
diet therapy, nutrition, and food preparation crams 
the pages of this volume. 

There is new information on: Teaching Nutrition— 
Puerto Rican Food Plan—Nutrition of the Chroni- 
cally Ill—Latest Developments in Dietary Treatment 
of Disease—Recent Research on Food Additives and 
Antibiotics for Food Preservation—Ete. 

By MARIE V. KRAUSE, B.S., M.S., Therapeutic Dietician and Instructor in 


Dietetics, Mount Sinai Hospital, Philadelphia. About 600 pages, 534” x 8”, with 


150 illustrations. About $6.75 New (8rd) Edition—Ready in "April 


W. B. SAUNDERS COMPANY 


West Washington Square 


March 1961 


Philadelphia 5 
London: 7, Grape Street 
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doors or lids. 


ek wT RR era Seat tye NS eee $545.00* 
*Current prices, F.O.B. New Orleans, La. 


IMMEDIATE DELIVERY! 


The lack of a back 
closure when the cage 
has been removed 
from its rack or placed 
in the reversed posi- 
tion causes no difficul- 
ties from the stand- 
point of animals 
escaping while being 
used. 


use, 


Other Type Cages Available for Larger Animals. Further Information and Prices on =8 
Request 


SEE US IN BOOTH 222. 


ANIMATIC Animal Care Products, Inc. 


P.O. Box 4228 





New Orleans, La. UNiversity 6-3387 






This new, lightweight, highly mobile system con:i*ig gf 
50 standard cages in 5 removable tiers of 10 cages suspended 
on a portable rack. The rack measures 24” X 47” X 60% 
sturdy yet mobile. Individual tiers or single cages as shown 
below can easily be removed, without disturbing others, for 
laboratory table use and convenient placing in an autoclaye 
or washer. Each tier of 10 cages is self supportable on o 
off the portable rack. Note below the simplicity of the eage 
support and closure system which eliminates the need for 


WITH ALL THESE PLUS FEATURES 
AT NO ADDITIONAL COST! 


All external feeding, wa- 
tering and labeling. 


Virtually, vermin and ditt 
free construction. 
Removable excreta pans, 


Entirely portable for easy 
storage. 


Built-in water bottle holder, 
and labeling service. 


Interchangeable parts. 


Reduced labor cost proven 
through actual use and time 
and motion studies. 


Rack is adaptable to me- 
tabolism funnel cages. 


No doors, latches or hang- 
ers on standard cage to re- 
quire repair. 


Fully autoclavable and easy one-hand handling, 
Designed by scientist active in research an 
proven by extensive laboratory and _ hospital 
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Worthington Manual 


is now 


#11 


vailable. 


worthington 


hiochemical corporation 


NEW JERSEY 


FREEHOLD 3, 
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automation 


comes to 


Kjeldahls” 


(and similar digestion-requiring procedures) 


its fully automatic... 
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and exit FULLY DIGESTED 


IN THE NEW 
continuous /automatic 


DIGESTOR 


Digested material is then introduced 
into the Technicon 


Pe ee 


system for quantitation, with the results 
permanently recorded on a graphed readout. 








See it demonstrated at the 


FEDERATION MEETING ° April 10-14, 1961 
Technicon Booth Numbers 119 to 121 


write for publication reprint from 
Annals of the New York Academy of Sciences 


TECHNICON CONTROLS, INC. 
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) A OSMOMETERS 





ACCURATELY MEASURE OSMOTIC 
PRESSURE & TOTAL ELECTROLYTES 
OF BODY FLUIDS IN 3 MINUTES 


FISKE OSMOMETERS, now in use in over 
600 research centers and laboratories through- 
out the world, measure osmotic pressure and 
total electrolytes of body fluids by the freez- 
ing point method. First built in 1952, the 
FISKE OSMOMETER proved to be the 
answer in making precisien cryoscopy a rou- 
tine laboratory procedure. Today’s FISKE 
OSMOMETER, available in laboratory or 
portable models, offers these major features: 


Semi-automatic operation 
Repeatability to 1 milliOsmol 
Freezing points to a 0.001°C 

Direct reading in milliOsmols 

0-3000 milliOsmol range 

3 minutes or less for a determination 


For complete details, specifications and appli- 
cations, write to: 


i aa FISKE ASSOCIATES,INC 


BETHEL, CONNECTICUT 
Creators of 
Precision Electronic Devices 


See the FISKE OSMOMETER in action at 
Booth 99. 





72.RESEARCH PARK «+ CHAUNCEY, N.Y. 
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GRASS 
RACKMOUNT 
INSTRUMENT 
TABLES 





Model IT-1 Shown With 

C 4 KYMOGRAPH CAMERA 
S 4 STIMULATOR 

P 5 A.C. PREAMPLIFIER 

P 6D.C. PREAMPLIFIER 
AM 3 AUDIO MONITOR 
BC 3 BATTERY CHARGER 
SWIVEL MOUNT FOR CRO 
CAMERA MOUNTING BOX 





o.0 © 0 0 0 9 8 


Model IT-2 Shown With 


o CAMERA MOUNTED DIRECTLY 
ON CRO FACE 

P6D.C. PREAMPLIFIER 

P5 A.C. PREAMPLIFIER 

S 4 STIMULATOR 

AM 3 AUDIO MONITOR 
ADJUSTABLE CRO MOUNT 


>: :-¢ oo © 











GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS. 





INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 
D 001 Q7 
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—— QUALITY CAGES SINCE 1912 





without disturbing animals. 





AC-3909 VERTICAL CAT CAGE 
18” x 24” x 32” HIGH 
PERMITS CLIMBING AND STRETCHING 
ACME PRESENTS an important advancement in cat cage 
design. Vertical height and bi-level resting boards satisfy 
climbing and stretching instinct of cats. With room to 
exercise, cats remain happy and contented. 


BI-LEVEL RESTING BOARDS offer retreat from close 
proximity to service pan excrement. 


STAINLESS STEEL FEEDING BOWLS serviced from outside 


Supplied with screen or solid sides 
STAINLESS STEEL OR GALVANIZED 


AC-3909 Brochure mailed upon request 


ACME METAL PRODUCTS, 


7757 SOUTH CHICAGO AVENUE CHICAGO 19, ILLINOIS 





INC. 


REgent 1-8080 
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_ To planned obsolescence 





To that add nothin 
pore go to the price . 


SO HERE Is THE. 


its NEW features 


® Single dilution for both ele- 
ments 


its 6-YEAR OLD virtues 


@ Internal lithium standard 
@ Detects as little as 0.01 
Meg of sodium and 0.001 
Meq of potassium 
© For connection to propane 
or natural and city gas 
@ Thermally stable for round- 
- the-clock use 
‘ 4 @ Matched photocells individ- 
See Booths 163 & 164 at the Federation Convention ually replaceable 
e External atomizer easily 












Simple switchover from Na 
to K without changing sen- 
sitivity measurements 


removed and cleaned 


Uses 0.05 ml of serum di- 
luted 1:100 for Na and K 
on same sample 

Built-in gas and air regu- 
lators 

Cast aluminum housing 
Attachable to house gas and 
air lines 

Immediately operable by 
any technician 


TIONAL [NSTRUMENT [ ABORATORIES Its price— $625.00, complete with galvanometer 





828 Evarts St.. N.E.. Washington. D. C. 


For more details write for Bulletin 4-7000 
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LOOK IN ON 
BOOTHS 141-142 ano 143 


CAN . . . at the F.A.S.E.B. Meeting in Atlantic City, 
(April 10th thru 14th). Aloe Scientific will have, 
in operation, many NEW and RECENT DEVICES 


NEW for the Laboratory including: 


e Micro-Electro-Surgical Unit 


e de Fonbrune Micromanipulator and Micro Forge 
INSTRUMENTATION e Germ Free Animal Cage 


e Disposable Animal Cages 
SOLVE e Time Lapse Photography 

¢ HydraPuter (Moisture Computer) 
e Ohaus Moisture Balance 


YOUR e¢ Minute Oxygen Uptake Servo Equipment 
(MOUSE) Spirometer 


e Phase and Fluorescence Microscopy 


LABOR ATO RY e Turner Fluorometer 


e Petrolite Fume Hood 


e I.E.C. Harris-Cryostat 
PROBLEMS? e Micro and Ultra-micro dissecting instruments 
e Cahn Electrobalance 
e Tissue Culture Apparatus 


e Laboratory Recorders 


e Heliflow Continuous Flow Head (for HR-1 & 
PR-2 Centrifuge) 


e Bronwill Constant Temp Circulator 
e Haake Ultra Thermostat 


¢ B&L New DynaZoom Microscopes with 
MicroZoom principle 


e Precision Gas Chromatography 
e AO Baker Interference Microscope 
e Leitz Tissue Culture Scope 





e Aloe-Moduline Laboratory Furniture 


elee scientific FULLY STOCKED 


DIVISION OF BRUNSWICK CORPORATION DIVISIONS 


COAST-TO-COAST 
General Offices: 1831 Olive St. @ St. Louis 3, Missouri 
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Why : is the logical soypot 


TEACHERS’ CHOICE 


International’s Micro Model 
uniquely combines high efficiency 
with low cost for micro and 
semi-micro analyses. It’s the 
preferred tool for teaching 
centrifuging techniques in many 
colleges, universities and 
scientific laboratories. 





FASTER MICRO-TESTING 


International’s Model MB 
is first choice for 
implementing the 

- micro-capillary method of 
blood cell volume testing. 
With this “Quiet Test’ cen- 
trifuge , samples spun at 
11,500 RPM, are ready for 
accurate reading in 3 or 
4 minutes. 





BENCH SIZE ‘LEADER 


International’s Clinical Model 
has long been recognized as 
the most versatile centrifuge 
in the bench-size class. It 
swings more than 25 accessory 
combinations at speeds up to 
6700 RPM. 





TWO IN ORE 


International's Model CS 
combines CM economy! 

SB speed and versatility 

in one all-new cabinetizl 
centrifuge. Delivers up! 
4,730 < G for routine 
work: up to 37,950 X6 
with multi-speed attact 
Swings horizontal, angle | _ 
and basket heads. : i 











soyyour next laboratory centrifuge 


(0ST - VERSATILE 


al’s Model UV 
model that meets 
al-purpOse laboratory 
No other centrifuge 
today offers a 
s combination of 
design, rugged 
Bhility, wide-range 
‘By, most-wanted 
...at such a 
price. 


(PLOSION-PROOF 


Bional’s Model EXD, 
inClass I, Group D 
is locations, is the 
plosio -proof 

Bye listed by 

#miters’ Laboratories 
Canadian Standards 
tion. It combines 
aD city, high-speed 
eptional durability. 


4 SPEED REFRIGERATED 


ppicnal’s Model HR-1 
mirifuge of choice 
ed angle 
jon at forces up to 
XG and controlled 


res between 
and +10°C. The new 
continuous flow 
addition to the 


Tove the HR 


hed Versatility. 


sooo oaoooaoeneeoeoeoeeoeaeweaea eee eoeaeeaeeseeeeeeeeeeee eee ee 8 6 @ 
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YOU'RE SURE OF SATISFACTION 


WHEN YOU CHOOSE INTERNATIONAL! 





WIDE-RANGE REFRIGERATED 


International’s Model PR-2 
gives positive temperature 
control within 1°C to blood 
fractionations and similar 
separations between — 20°C 
and +10°C. Twenty- 
eight interchangeable 
heads for capacities 
between 7ml and 4 liters / 
provide versatility 
unmatched in the 
refrigerated 

centrifuge class. 


All eight laboratory centrifuges 
displayed here bear the 
trademark... the International 
symbol of optimum value. No 
other single manufacturer offers 
all eight. Yet, these trusted 
friends of thousands of labora- 
tory directors and technicians 
are only the highlights of the 
world’s most diversified family 
of fine centrifuges. 


During 59 years of concentrated 
and progressive research on lab- 
oratory centrifuges, Interna- 
tional has developed more 


models, more accessories, more 


pecial tooling than all other 


| sources combined. 


© This specialized pool of knowl- 
edge and resources is available 


to you through an Interna- 
tional-trained representative of 
your authorized International 
dealer. Whether your centri- 
fuging problems are many or 
few, his unbiased advice can 
help you select the versatile or 
special-purpose International 
Centrifuge that fits your needs 
at lowest practical cost. 


Before you choose your next 
laboratory centrifuge, get all 
the facts from your nearby 
International dealer or write: 


RNATIONAL (IEC) EQUIPMENT CO. 


1203 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 













Automatic Protein 


and/or 









LABELED 


pore Peptide Analyses 


compounds (Either-Individual Samples or Column Effluent) 





Quantitate... 


Total Nitrogen by Kjeldahl 
Total Protein by Biuret 


Total Protein by Folin—Ciocaiteau 
(Lowry modification) 


Amino Groups by Ninhydrin 
Tyrosine by Folin—Ciocalteau 
Histidine by Pauly Diazo Reaction 
Arginine by Sakaguchi 

Glutamic Acid by Decarboxylase 
Lysine by Decarboxylase 


Albumin by HABA Dye 
[2-(4’ hydroxyazobenzene) benzoic acid] 


Analyze... 


Biological Fluids directly 


Effluent from DEAE or Resin Chromatographic 
Column 





Effluent from Poraeth Electrophoretic Column 
Electrophoretic Starch Block Fractions 
Electrophoretic Paper Chromatogram Segments 
Check point stages in Protein Fractionation 


Counter Current Distributions 


with thee TECHNICON ® 


tAme/\nalyzer . 


Any or all of these determinations may be run on the same 

AutoAnalyzer: Takes only two minutes to change from 

one type of analysis to another. Any combination may 

IMMEDIATE SHIPMENT be run simultaneously from the same sample by adding 

FROM STOCK additional standard AutoAnalyzer modules. The response 

WRITE FOR CATALOG time is such that most of the analyses may be run at 40 
: samples per hour. 





AbatUmeaare irclare corp. 






for information, select area of interest and write to 


S75 Abany Seeuee Ieee, Mees. TECHNICON CHROMATOGRAPHY CORP. 
Telnghone: dha bates 72 RESEARCH PARK + CHAUNCEY, NEW YORK 
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FLOV¥ 


“Szent-Gyorgyi & Blum” 


KSB CONTINUOUS FLOW SYSTEM 


The Serva.u KSB collects precipitate in 8, 4, or 2 
standard 50 ml stainless steel tubes, clarifies liquids 
and processes gallon quantities of material in one con- 
tinuing operation. This System provides the most di- 
tect method available for harvesting small amounts of 
sediment from large volumes of sample. Because col- 
lection occurs directly in rotor tubes, the KSB is faster, 
cleaner and more convenient to work with than other 





systems. The SERvALL “Szent-Gyorgyi & Blum” is sim- 
ple to set up and operate, and may be used with the 
SERVALL RC-2 and RC-1 Refrigerated Centrifuges, and 
the SS-1, SS-1A, SS-3 and SS-4 Superspeed Centrifuges. 
Force: Up to 37,000 x G; Tube Sediment Capacity: 250 
ml to 300 ml; Flow Rates: In excess of 500 ml per 
minute depending upon material being processed. 
Write for Bulletin FP-3AKSB. 


AT BOOTHS 84-85 


fwan Sorvall. Ine., Norwalk, Conn. 


SERVALL CENTRIFUGES SERVE YOU BEST 














80% of 


Clinical Laboratories 


Agree... 


Simplastin 


Here are some of the major reasons for 
SIMPLASTIN’s use in 21,384,000 determinations 
of prothrombin time during 1960: 


1. Assured reproducible results. 80% of clinical 
laboratories agree —by routine use —that 


NOTE: Attention is again being given to commercially 
available thromboplastins in liquid form. A preservative 
must be added to a liquid thromboplastin to keep it 
stable. These preservatives are: phenol (carbolic acid) or 
phenolic compounds, which reduce pH far below optimum 
in the therapeutic range. It is further established that such 


compounds artificially accelerate apparent prothrombin 


SIMPLASTIN is the thromboplastin reagent that 
gives “best reproducibility”! of results. 


2. Lowered burden on laboratories. For depend- 
ability and ease in handling, laboratory directors 
select SIMPLASTIN, a quality controlled freeze- 
dried thromboplastin extract. Already combined 
with calcium, it is prepared for use merely by 
adding distilled water. 


§. Guaranteed controls for PH, ionic strength, 
suspended solids, particle size, moisture and sta- 
bility in varying temperatures. 


4. Contains no preservative or artificial acceler- 
ators for prothrombin activation, as are found in 
liquid preparations (see note). 


activity to give falsely speeded prothrombin times.” In 
addition, these compounds act as enzyme poisons,?’* and 
inhibit catalase activity which is present in all animal tis- 
sue* and can be detected by the well-known benzidine 
test.“ A negative or weak benzidine reaction on an 
extract of animal tissue is convincing evidence that en- 


zyme inhibition has occurred. 


order Simplastin today, your safeguard of dependable results 


GENERAL DIAGNOSTICS owision WARNER-CHILCOTT ow. wonnis rains, wu 


1. Innella, F, and Redner, W. J.: Am. J. Clin. Path. 33:1, 1960. 2. Gerber, C. F, and Blanchard, E. W.: Am. J. Physiol. 144:447, 1954. 3. National 
Institutes of Health: Phenol and its Derivatives. The Relation Between Their Chemical Constitution and Their Effect on the Organism. Bulletin 190, 
Washington, D. C., Government Printing Office, 1949, pp. 14-17. 4. Hawk, P. B., Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
Ed. 13, New York, The Blakiston Division, McGraw-Hill Book Company, Inc., 1954, p. 319. 5. Fruton, J. S., and Simmonds, S.: General Biochemistry, 
New York, John Wiley & Sons, 1953, pp. 155, 344. 6. Hanks, G. E., Cassell, M., Ray, R. H., and Chaplin, H.: J. Lab. & Clin. Med. 56:486, 1960. 





LABORATORY ANIMALS 


produced 
through the facilities of 
HEMLOCK HOLLOW FARM 
and 
CAMM RESEARCH 
INSTITUTE, INC. 


The Swiss-Webster strain and the ICR strain 
are maintained in entirely separate colonies. 
The Swiss mice are random bred, closed colony. 

RATS These strains are available: Sprague-Dawley, 
derived from descendants; the Sherman or 
Osborne-Mendel origin; the Wistar . 

RABBITS New Zealand White, Chinchilla and Dutch 
rabbits are in constant supply. Less common 
strains are available on order. 

GUINEA Only one strain, the Hartley, is produced. They 
are exceptionally vigorous, resistant to infec- 

PIGS tions, and free of respiratory ailments. 


Write for our New Brochure! 


CAMM RESEARCH INSTITUTE, INC. 


a] 
rock HOU, 414 BLACK OAK RIDGE ROAD 
x = WAYNE, NEW JERSEY 


* FARM - ; ' OX 4-0703 


MODEL 198 


ELECTRONIC STIMULATOR 


IDEALLY SUITED FOR 
UDENT USE OR GENERAL 
LABORATORY APPLICATIONS 





$9500 


¢ Frequency: 1-100 CPS in ¢ Repetitive Stimuli, Single 
two ranges Stimulus or D.C. 

¢ Duration: 0.2 to 20 Milli- e Syng. Output—10 Volts 
seconds in two ranges ¢ Power Requirements: 110 V— 

* Output: 0-100 Volts 60 Cycles 

* Polarity Switch 


ALL CONTROLS CONTINUOUSLY VARIABLE 


AMERICAN ELECTRONIC LABS., INC. 


121 North 7th Street, Philadelphia 6, Pa. *« Walnut 5-8780 


did you know you can 


MONITOR 


the 


BLOOD STREAM 


GLUCOSE 
CREATININE 
CHLORIDE 
CALCIUM 
CO, 
UREA. 
SODIUM 
“POTASSIUM 
AMMONIA 
SAJICYLIC ACID ce 
PARA AMINOHIPURRIC ACID 
pH 
METAHEXANIDE 





TECHNICON INSTRUMENTS GORP. 








¥ 


4 
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ern instrumentation. They are: 


® very precise 


e simple, fast and convenient in 
operation 


e well designed and of sturdy 
construction 


as & 
ae 


UP-TO-DATE LABORATORIES DEMAND MODERN INSTRUMENTS 


There is no room in the modern research laboratory for 
the now obsolete methods and instruments of yesterday. 


METTLER balances are outstanding examples of mod- 


They are available in a full line from the micro balance 
to units weighing in the kilogram range. 


Write today for the complete file on 
the modern Mettler balances. 





METTLER INSTRUMENT CORPORATION | : 


P. 0. BOX 100, PRINCETON, NEW JERSEY 


<<. 


IN THE ATOMIC AGE . . AND 
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| Seitz first in precision optics 


LE/ITZ 
FLUORESCENCE 
ILLUMINATING 
EQUIPMENT 


The accelerated interest in fluo- 
rescence microscopy in various 
fields of medical and industrial 
research has been made possible 
by the new fluorescence acces- 
sories. The source is a HBO 200 


Watt mercury vapor lamp. 


115R60 


A reputation for integrity and a tradition of service have led thousands of scientific 
workers to bring their optical problems to Leitz. If you have problems in this field, 


why not let us help you with them? 














oe 
] 
jE. LEITZ, INC. FP-3 
| 468 Park Avenue South, New York 16, N.Y. 
See your Leitz dealer and examine these | Please send me the Leitz brochure. 
¥ | 
Leitz instruments soon. Write for infor- | 
| NAME 
mation, i 
l STREET. 
city. ZONE. STATE. 
—_ 


E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Distributors of the world famous products af 
Ernst Leitz G.m.b.H.,Wetzlar,. Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES : PROJECTORS . MICROSCOPES - BINOCULARS 
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| 50 mg $4.00 


Other F.C.C. pure items 


for biochemical research 


6-Thioctic acid (d1-6-lipoic acid) 
6-Thioctic acid amide (dl-lipoamide) 
6-Thioctic acid glycinamide 


DPN (Diphosphopyridinenucleotide) 
Cocarboxylase (Thiamine pyrophosphate) 
Codecarboxylase (Pyridoxal phosphate) 
ADP (Adenosine diphosphate) 

ATP (Adenosine triphosphate) 











UBIQUINONE’~-30 


(COENZYME Q.,) 
| CRYSTALLINE, NATURAL PRODUCT 








100 mg $7.50 


Send your inquiries to: 


Biochemical Dept. 
FARMOCHIMICA 
CUTOLO- 
CALOSI S.p.A. (F.C.C.) 


P.O. Box 332 Naples, Italy 





Cables: Farmochimica 














"From the hand of the veterinarian 


; to research” ® 
e 
‘ee albino rats 


< 
ee CHARLES RIVER CD 
(Caesarean derived) 
CHARLES RIVER SD 


(Spregue-Dawley descendants) 
CHARLES RIVER W 


(Wistar descendants) 





HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 

@Rigidly controlled environment 
(same bldg.) birth to surgery. 

@High speed surgery by graduate biologists. 

@10 yeors experience animal surgery. 

@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


Dept. B, 1016 Beacon Street, Brookline 46, Mass. 
Henry L. Foster, D.V.M., President 








CHARLES RIVER CD-1 
® (Caesarean-derived) S 






—_ T 
auc et 
SWISS ICR 
of 
Hypophysectomies available S 
H THE CHARLES RIVER 


MOUSE FARMS 
1018 Beacon St., Brookline 46, Mass., RE 4-2000 













LABORATORY RECORDER 
HIGH SENSITIVITY 













MODEL #22700 
: SERVO-GRAPHIC 
FEATURES: RECORDER 


© Pen travel 1 Second full scale. RANGE: 0-10 MILLIVOLTS D.C 

© Accuracy 99% or better. 0-108 MILLIVOLTS D.C. 

© Phoioelectric Chopper for long life. 

© Zener diode stabilized reference 
voltage. 

© Adjustable paper speeds. 

© Input suitable for high impedance 
sources. 

© Adjustable range control. 







The Servo-Graphic Recorder is an 
ideal laboratory instrument. Put it 
to work and save a valuable tech- 
nician's time. O.E.M. users invited. 













Write for literature 


C. H. STOELTING CO. 


12" CHART SERVO RECORDERS 
MULTI-CHANNEL HIGH FREQUENCY OSCILLOGRAPHS 
POLYGRAPHS @© KYMOGRAPHS @ MANIPULATORS 


424 NORTH HOMAN AVE., CHICAGO 24, ILL 






























Qutstanding RONALD Books... 


The Sixth Annual Symposium Publication 
of the Society of General Physiologists— 


MACROMOLECULAR 
COMPLEXES 


Edited by M. V. Edds, Jr., Brown University 
Just Published! The studies presented in this volume are repre- 
sentative of recent efforts to analyze complex macromolecular 
aggregates—to ask questions about the origin, interaction, and 
spatial disposition of their components, and to assess the respec- 
tive roles of each constituent in the properties of the whole. 
14 prominent investigators present evidence that supports the 
assertion that large molecules of diverse types are assembled in 
rigorously patterned arrays, and in turn it is assumed that many 
of the structural and functional properties of the living system 
depend critically. on the distribution of matter and energy in 
these arrays. r96r. 269 pp., 107 ills. $7.00 


Other S. G. P. Symposia 


SUBCELLULAR PARTICLES, Teru Hayashi, Editor, with 20 
Contributors. rgs9. 213 pp.; 122 ills., tables............$7.00 
PHYSIOLOGICAL ADAPTATION, C. Ladd Prosser, Edstor, 
with 14 Contributors. 1958. 185 pp.; 90 ills., tables... .. .$4.00 
INFLUENCE of TEMPERATURE on BIOLOGICAL SYSTEMS, 
Frank H. Johnson, Editor, with 24 Contributors. 1957. 275 pp., 
133 tlls., tables. . : . $4.50 
PHYSIOLOGICAL TRIGGERS “ad ‘DISCONTINUOUS RATE 
PROCESSES, Theodore H. Bullock, Editor, with 16 Contribu- 
tors. 1957. 179 pp.s 55 ills., tables. . hae . .$4.00 
ELECTROLYTES in BIOLOGICAL SYSTEMS, ‘Makan M. 
Shanes, Editor, with 11 Contributors. rgss. 243 pp.; 123 ills., 
WOME ic 2 tac vie hie . - $4.00 


The Eighteenth Symposium of the Society for 
the Study of Development and Growth— 


DEVELOPING CELL SYSTEMS 
and THEIR CONTROL 


Edited by Dorothea Rudnick, 
Albertus Magnus College and Yale University 
Recent advances in the knowledge of cell differentiation and 
its control within the organism, from both the biological and 
biochemical points of view. Ten internationally known con- 
tributors discuss a diversity of organisms in the plant, animal, 
and microbiological kingdoms on the basis of their original 
studies of: the cellular aspects of organization; pathways of hor- 
mone action on responding cellular systems; chemical control of 
regeneration of the nervous system in Amphibia; the mitotic 
cycle; structural localization of active molecules within cells; 
and genetic control of protein synthesis. 1960. 240 pp., 126 ills. 
$8.00 


The 16th and 17th Symposia of the Society for the 
Study of Development and Growth— 

DEVELOPMENTAL CYTOLOGY, Dorothea Rudnick, Editor, 

with 10 Contributors. rgs9. 2x5 pp.; 118 ills., tables... ..$8.00 


CELL, ORGANISM, and MILIEU, Dorothea Rudnick, Editor, 
with 12 Contributors. 1959. 326 pp.; 136 ills., tables. .. ..$8.00 


THE-RONALD PRESS COMPANY 
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BLAKESLEE: THE GENUS DATURA 
Amos G. Avery, Sophie Satina, and Jacob Rietsema 
—al: formerly Smith College Genetics Experiment Station 
A complete synthesis of the genetic investigations carried on for 
over forty years by Albert F. Blakeslee with several species of the 
genus Datura. The research described constitutes one of the most 
thorough studies made on a single group of plants—experiments and 
investigations carried out on the breeding, cytology, morphology, 
anatomy, physiology, embryology, geographical distribution, and 
evolutionary history of ten species in this genus. Includes a compre- 
hensive historical review of the Datura taxonomy and the only 
known summary of the Datura nomenclature from 1753 to date. 
Chronica Botanica: An International Biological and Agricultural Series, 
No. 20. 1959. 289 pp.s 317 ills., tables. $8.75 


THE EXPERIMENTAL CONTROL 
of PLANT GROWTH 


Frits W. Went, The Missouri Botanical Gardens 
Focusing on the techniques developed at the Earhart Plant Research 
Laboratory at the California Institute of Technology, this volume 
gives a detailed account of the construction and operation of the 
laboratory. It fully explains the methods used to maintain a rela- 
tively germ-free and light-, heat-, and humidity-controlled environ- 
ment. Separate sections are included on the results of experimenta- 
tion with specific plants and on the phenomena of controlled experi- 
mentation in the broad ecological and physiological categories. 
‘*4 stimulating and very readable book. . .”-—Quarterly Review of 
Biology. Chronica Botanica: An International Biological and Agri- 
cultural Series, No. 17, 1957. 373 pp-s 91 ills., tables. $10 


INTRODUCTION to 
QUANTITATIVE GENETICS 


D. S. Falconer, University of Edinburgh 


This book is designedjfor geneticists and a wide range of biol- 
ogists interested in the nature of biological variation. Synthesizing a 
wealth of previously scattered material, book centers on the 
inheritance of quantitative differences between individuals— 
differences of degree rather than of kind—which form the major part 
of biological variation. The basic theory of quantitative variation is 
developed, showing what variations can be attributed to genetic 
and non-genetic causes. Book fully covers the relationships between 
quantitative characters and biological fitness, the causes of genetic 
variability in natural populations, and the properties of genes con- 


cerned with quantitative variation. 1960. 348 pp.; 98 illus., tables. 
$6.00 


The Third International Symposium of 
the International Society for Research 
on the Reticuloendothelial System— 


RETICULOENDOTHELIAL 
STRUCTURE and FUNCTION 


Edited by John H. Heller, M.D., New England Institute for Medical 
Research, Ridgefield, Connecticut 
In this symposium, 62 outstanding investigators from various dis- 
ciplines present new concepts and exchange ideas relative to the 
reticuloendothelial system. Diverse phases of such broad areas of 
the reticuloendothelial system as morphological aspects, antibody 
synthesis, host defense mechanisms, radiation and isotopic studies, 
steroid and phagocytic function, tumors and leukemias, inflamma- 
tion, and cholesterol and lipid metabolism are reviewed and criti- 
cally discussed. The contributors thus summarize advances in a 
number of fertile areas—all focused on the reticuloendothelial 
structure and function. 1960. 478 pp., 228 illus., tables. $12. 
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For PEPTIDES and 
PEPTIDE INTERMEDIATES 
Call SIGMA 


Hundreds of Peptides, CBZ, Phthaloyl, and Carbamyl] intermediates are now available 
promptly from stock, or on short notice. Frankly, the list is so long and is growing so rapidly, 
we don’t know how to announce them in advance of a complete new catalog. 

In the meantime, send us your specific inquiries—there is a good chance we can help on almost 
any Blocked Amino Acid or Dipeptide. Tripeptides will come a bit later. If we don’t have it 
already, we will certainly try to include it in our planning. 





Have you heard about the 
Sigma AEROSOL Program? 


It is just getting up steam, but already includes the following excellent sprays. 


Stock No. NIN-3 Ninhydrin Spray 

Stock No. NFX Ninhydrin Fixer Spray 

Stock No. NTL Ammonia Spray 

Stock No. TTZ-1 Tripheny] Tetrazolium{Spray 

Stock No. ADA-2 Aniline Diphenylamine Spray 

Stock No. PRO Protective Lacquer 

Stock No. ISA-2 Isatin Spray 

Stock No. BCG-04 Brom Cresol Green Spray 

Carton of 3 aerosols of one item......................5. $ 7.50 

Carton of 6 aerosols of one item......................005 14.50 

See aN NE MOTUS MITTIN 0g oa. ais oes wth So oc sae ce owl aes 2.95 

RR ni gs ons Seay Awe «aw Se G 4 Soe 7.50 
(one each NFX, NTL, PRO) 

a SRI oe ee I a eae Gi ee ee 14.50 


(one each NIN-3, ISA-2, BCG-04, TTZ-1, ADA-2, PRO) 
Parcel Post Prepaid 
Write for Bulletin! 


CALL US COLLECT AT ANY TIME, JUST TO GET ACQUAINTED 
Day, Station to Station, PRospect 1-5750 
Night, Person to Person, Dan Broida, WYdown 3-6418 


The Research Laboratories of 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB ST., ST. LOUIS 18, MO., U. S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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NEW Buchler 
POLYBURETTE 


|] 





NEW VERSATILE 
Laboratory Aids to 
SAVE TIME AND LABOR 




















for dispensing a variety of six substances with 
an independent burette for each material. 


Eliminates need for intermediate rinsing of the 
burette when different reagents are used simul- 
taneously for multiple titrations. 


Built-in magnetic stirrer ¢ Illuminated back- 
ground facilitates reading. 


Interchangeable burettes for deliveries from 
0.001 ml. to 1.0 ml 


All glassware can be easily sterilized. 


$194.00 
Request Bulletin F2-2600 





FRACTION 
COLLECTORS 


for pirat abi tags and budget 


30 luding CON- 

TINUOUS (fer — ‘term or overnight 

use), SECTIONAL (for processing dur- 

ing fraction collecting) and, shown 
low, 


REFRIGERATED ... the mobile 
cold-room, refrigerated from 
column to collecting tubes. 





On casters. 


Glassware and 
turntable 
temperature- 
controlled. 
Fraction 
collectors 
removable for 
all-purpose 
cold-room 
work. 


Now Available! 
U-V MONITOR 


ATTACHMENT 
for rapid compound identification 


ADAPTABLE TO ALL 
FRACTION COLLECTORS 
For complete description of all Fraction Collector 
models, write for Bulletin F3-4000 

















SET ADJUSTABLE POINTER WHEN TIMER STOPS 

TO 10 DIVISIONS ABOVE RESET TIMER AUTOMATICALLY, 

INDICATING POINTER TO ZERO RECORD SECONDS 
® 








PLACE SAMFLE TURN SWITCH TURN SWITCH SELECTED 
IN POSITION TO ADJUST" (Wo.) — TO“TITRATE” (No.2) TITRATION RANGE 





IF IT HAS AN END POINT .. . The 





vararen cout cmon CHLORIDOMETER 
Evaporate multiple fraction WILL FIND IT MORE 
cuts directly from test tubes QUICKLY, ACCURATELY, 
in 10-20 minutes! AUTOMATICALLY! 
In 6 Steps and in Less Than 60 Seconds 
Buchler Rotary DIVERSIFIED NOW FOR ALL 


EVAPO-MIX CHLORIDE TITRATION APPLICATIONS 


PRICE: Complete, ready for operation $498.00 
...For the rapid and simultaneous Request Bulletin F4-2000 
evaporation under controlled temper- 

Pe Buchler 


ature and vacuum of samples collected 
WATER BOOSTER 


from a chromatographic column, cen- 
For laboratories in areas with low 










trifuge tubes, or by solvent extraction. 


Price complete $436.00 or uneven water pressure 
Request Bulletin F3-2100 for RAISES AND HOLDS PRESSURE AT 
details 40 psi... Provides 2 independent 





and Powerful Aspirators 





NOISLESS « CONTINUOUS 

« NO MAINTENANCE OF 

REPLACEMENT PARTS 
Complete $249.00 


Request Bulletin F2-9000 


NEWD 








FLASH EVAPORATORS 
For the evaporation of aqueous solutions, high boiling point solvents, strong acids, 
alkalis and radiactive materials without contaminating back-drip. 


PORTABLE 
MODEL 


U.S. PATENT 2,665,445 


FEATURES ¢ Glass-to-glass connections through- 





out the evaporating system prevent any possibility 
of contamination. Distillation occurs only within + PATENY 2,065,443 
sles. © ¢ Balanced design permits smooth rotation UNIVERSAL ‘MODEL. 
without and larger o without loss of Standard equipment in most laboratories. Pre- 
material. ¢ High torque, od enclosed motor. ferred for permanent installations and for heavy 
© Build it up with accessories for large scale work duty operation, but with all basic features of 
an? emperature control. © Grows with your re- Portable Model. For continuous or batch opera- 
urements. © Unit can be easily taken apart for tion, with easy conversion from one to the other, 
jeaning. © Prices start from $129.35. Basic unit Model FE-2 Batch $215.50. Model FE-2C for con- 
not illustrated. tinvous operation .00. 


Request Bulletin F-FE-1000 for details. 





Immediate delivery, all prices F.O.B. Factory. All prices subject to change without notice. 








Ge | Laboratory Apparatus  BUCHLER INSTRUMENTS, INC. 
ty 514 W. 147th STREET, N. Y. 31, N. Y. 


} Precision Instruments potepbieqaaie’ 





TECH NICON 


HUTO 


VARIABLE 


GRAD 


DEVICE 
produces any buffer requirement in pH 
or concentration for chromatography 


Eliminates 


DISCRETE BUFFER CHANGEOVERS 


as an example 














{o pH 5.28 
to pH 4.25 
from pH 3.25 . usual in 


AMINO ACID CHROMATOGRAPHY 
instead the Autograd automatically sup- 
plies a buffer gradient in a continuous, 
uninterrupted flow.* * 


This solution ‘S 
Grrangement of pH 


values.in the 


AUTOGRAD 


automatically 
















produces the gratiient 






AvtoGrad Buffer Gradient es 
(increased progressively) 


ponsetion 5.28 
ee KS on 4.25 











Discrete Buffer Changeover BD 
- (step by step) 










Developed at the National Can- 
cer Institute, National Institutes 
of Health, U. S. Department of 
Health, Education, and Weljare, 
Public Health Service, Bethesda, 
Maryland. 

**Procedure developed by 
Karl A, Piez, National Institute 
of Dental Research, National 
Institute of Health. 
*Reference: “Variable Gradient 
Device for Chromatography” ‘ 
E. A. Peterson and H. A. Sober, 
Anal. Chem., Vol. 31, No. 34,© 
May 1959. 

































Send for Brochure No. AG 

and further Data, to 

Technicon Chromatography Corp. 
Research Park - Chauncey, New York 





BETHLEHEM GLASSBLOWING 
KIT with MANUAL 
for Chemists, 


Biologists and Others 
to Construct, Repair, 
Modify Apparatus 
Systems, Glass to 
Metal Seals, etc. 









eo Sy) 
eal » PRICE $244.00 
ont 





The Bethlehem Glassblowing KIT Contains 


Asbestos Work Board 
Hot Glass Rest 

Sharp Flame Hand Torch 
Torch Stand 

Blowhose (2 extra 


Vernier Calipers Ribbon Fire (gas-oxygen) 
Tungsten Carbide Knife Ruler 

Carbon Hex (2 sizes) Brass Shaper 

Rollers (dual purpose) Beeswax 

Crayon (2) Tungsten Tool 


mouthpieces) Assorted Corks Sodium Nitrite 
Spandle Asbestos Paper (2 sizes) Pluro Stopper 
Carbon Flat Carbon Rods (2 sizes) Metal Kit Box 


Twin Tubing (2 sizes) Manual 


Didymium Goggles 


Wire Screen (3 pieces) 
Tweezers (2 sizes) 


Available Separately at $35.00... 
the new Dfale date) ys 
casoxvon HAND TORCH 


Hotter and lighter than conventional hand torches, the 
surface-mixing SHARP FLAME has phenomenal range— 
from tiny flame to a wide, long fire. One tip for all flame 
sizes—can be rotated—silent burning. Won’t blow out— 
can’t even be shaken out—and can’t flash back. Overall 
length 11’’—weight 7’ oz. 

















Flame range—hard glass, 3mm to 45mm. Operates 
on low pressure city gas—natural, mixed, propane, 
hydrogen. For hard glass (Borosilicate), quartz, 
silver soldering. 





Cut-away shows how gas 
and oxygen are separated up 
to burner face, producing 
flame performance impossi- 
ble with premixed fuels. (Not 
illustrated, but also avail- 
able: hand torch holder— 
insert and remove with a 
twist of the wrist.) 


Call your laboratory dealer 
or write... 


BETHLEHEM 
Apparatus Company, Inc. 


HELLERTOWN, PENNSYLVANIA 
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EAWNEST CLEANEST CLEAR 
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Made especially for the exacting requirements of 
LABORATORY, HOSPITAL AND MEDICAL USE! 


MORE EFFECTIVE than any known detergent in 
powder form or any liquid detergent that costs four 
times as much! 


Also makers of ALCOJET for all equipment washed by machine 
and ALCOTABS in tablet form for all pipette washers. 


Order from your supplier or ask him for samples 
and FREE Cleaning Guide. 


Sold by All Leading Laboratory, Hospital and Meets Highest 
Surgical Supply Dealers in the United States Government Specifications 
as well as in 
CANADA - ENGLAND - SWITZERLAND - BELGIUM - NETHERLANDS - MEXICO 
VENEZUELA - PERU - BRAZIL - PANAMA ~- PUERTO RICO - HAWAII 





y.\ mere) le> Gl, [om st-i< m-1,207-0P)) 7-0 Oe, 1-8" ae £0). 1 cece, Be 





March 1961 FEDERATION PROCEEDINGS 


CLEANEST CLEANEST CLEANEST CLEANEST CLEANEST CLEANEST CLEA? 





































xxix 





Now. .! 





Thousands of NATE! SON MICROGASOMETERS ARE 


in use throughout the world for blood gas analysis. 
This growing popularity is based on the advantageous 


combination of micro specimens with remarkable ease 


and convenience of use. 


If you are not now using 


this popular apparatus you will want full particulars. 
If you are using the NATELSON MICROGASOMETER 
you will want the latest information about accessories 
and the new supplement to the instruction booklet 
explaining how new reagents and attachments increase 
the usefulness of this fine instrument. 
See our Booth at Federation Exhibit, Atlantic City, April 10-14th. 


with Motorized 
Automotic Shaker 


Ask your Laboratory 
Supply Dealer for particulars, 


or write to: 


Scientific 
Industries 
Inc. 

DEPT. FP-3B, 15 PARK ST. 
SPRINGFIELD 3, MASS. 














New! ATOMIC ABSORPTION 





























BOOTH 162 
FEDERATION CONVENTION 


LEGEND: (CF4 ATOMIC ABSORPTION ATTACHMENT) M = to monochromator. 
H = hollow cathode source. B = burner. D = gas valve. S = sample. A = atomizer. 


B3C DIRECT READING SPECTROMETER 
for high speed analysis of ferrous and nonferrous 
metals and alloys, ore, and slag. Two meters 
focal length in stigmatic mounting, 4 or 2 A/mm 
dispersion, and a capacity of 50 photomultipliers 


For more information on Emission Spec- 
troscopy write for OPTICA Bulletin 
6-5000. 


For more information on Absorption 
Spectroscopy write for OPTICA Bulletin 
6-1000. 


i 830 Evarts St., N. E. 


} Washington 18, D.C. 
Phone NOrth 7-7584 


S pectrophotom eters 


ATTACHMENT 


Adaptable to Most 


In an issue mainly devoted to atomic 
absorption spectroscopy Analytical Chem- 
istry predicts that this new technique 
may be the major breakthrough in ana- 
lytical work, in composition equilibrium, 
and in kinetic problems in many branches 
of science. (J. W. Robinson, Analytical 
Chemistry, July, 1960). 


Most spectrophotometers with either 
grating or prism monochromators are 
easily integrated in the Optica Atomic 
Absorption Apparatus. Write for Bulletin 
6AA-1000. 


VF1 VACUUM SPECTROGRAPH is designed 
for work in the Schumann region, below 2000 A. 
Uses a concave grating with one-meter radius 
blazed for 1700 A. To facilitate identification of 
wavelengths, tables of the emission spectrum of 
carbon monoxide from a discharge tube have been 
prepared and are available from OPTICA. 
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The development, field test, and 


customer acceptance of a versatile ra- 
ob tept-fo) ae) osm eot- penetra! liquid scintillation 
counting assembly -has been completed. 
Here is a system for Carbon,14 and 
incorporates simplicity 
jebeter 


Tritium that 


and flexibility gets 


that is in 


range of all laboratories. 


Among its field proven featurés: sim- 
plified circuitry which assures teliable 
operation, negligible field maintenance; 
the high Fe ee | 
lob col-put-bu-e- SO M-ic-belct- uel oie. Weet_iaueseet=r eld 


voltage. supply, scaler 


‘i : 
they can be used’ with other systems 
and tailored to your special needs; spe 


cially designed, darkj/preadaption sam- 
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ple holder accepts a variety of sample 


configurations and sizes; the system is 





compact and versatile. : saves oes 


These “and other feathires of the 
Model 745 Liquid Scintillation unit + 
are at the | yon 
would expect to pay fol feliable pe 

formance with liquid se ine} ation, You 


owe it to your budget to Bef more } infor. 


available lowest cost 


mation 
repre sentative today. 
: Cambrjdge, 


Sales and sekvice offices ix 
Pittsburgh, 


New York, Philadelphia, 
Cleveland, ,Washington, Q. C., Atlanta, 
Dallas, Chicago, 


Francisco, Ottawa, C anadé 
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FEDERATION NOTICE 


Membership in the Federation of American Societies for 


Experimental Biology 


There is no provision in the Federation Constitution for individual membership. An indi- 
vidual wishing to associate himself with the Federation must become a member of one or 
more of the six constituent Societies; such membership entitles him to present papers at 
the annual meetings of the Federation and to receive the quarterly publication, FEDERA- 
TION PROCEEDINGS. Since requirements and procedures for election to membership 
vary among the six Societies, the following information is provided: 


1. American Physiological Society. Any resident of North America who has conducted 
and published meritorious original researches in physiology shall be eligible for member- 
ship. Names of candidates must be proposed in writing by at least two members of the 
Society, and from these names the Council shall nominate candidates for election to mem- 
bership at a regular meeting of the Society. For further information and preposal forms, 
address Dr. R. G. Daaas, Executive Secretary, 9650 Wisconsin Ave., Washington 14, D. C. 


2. American Society of Biological Chemists. Qualified investigators who have conducted 
and published meritorious original investigations in biological chemistry are eligible for 
membership. Nominations shall be made and seconded by members of the Society and shall 
be submitted to the Council, who shall determine eligibility and make recommendations to 
the Society at any regular meeting. Nomination blanks and further information may be 
obtained from Dr. F. W. Putnam, University of Florida, Gainesville, Fla. 


3. American Society for Pharmacology and Experimental Therapeutics. Any person who 
has conducted and published meritorious investigations in pharmacology or experimental 
therapeutics and who is an active investigator in one of those fields, shall be eligible to 
membership. Candidates shall be proposed by two members who are not members of the 
Society Council, for consideration and recommendation by the Membership Committee 
and the Council. Further information and application forms may be obtained from Dr. Karu 
H. Bryer, Jr., Merck Sharp & Dohme Research Laboratories, West Point, Pa. 


4. American Society for Experimental Pathology. Any American investigator who has 
contributed meritorious work in pathology within three years prior to his candidacy is 
eligible for membership. Candidates shall be nominated by two members and the nomina- 
tions approved by the Council for election by Society members at a regular meeting. Addi- 
tional information and nomination forms may be obtained from Dr. K. M. BrinKHovs, 
University of North Carolina Medical School, Chapel Hill. 


5. American Institute of Nutrition. Any person who has conducted and published meri- 
torious original investigations in some phase of nutrition and who is presently profes- 
sionally active in the field of nutrition shall be eligible for membership in the Society. 
Nominations shall be made and seconded by members of the Society and shall be sub- 
mitted to the Council for recommendation to the Society at any regular meeting. For 
nomination blanks and additional information, address Dr. ARNOLD E. SCHAEFER, Building 
16A, National Institutes of Health, Bethesda 14, Md. 


6. American Association of Immunologists. Any qualified person engaged in the study of 
problems related to the purpose of the Association may apply for membership. Candidates 
must be nominated by two members of the Association and applications must be accom- 
panied by letters of recommendation, curriculum vitae and a list of reprints of publications. 
The Council shall determine eligibility and submit the names of eligible candidates to the 
membership at the annual meeting. For further information and application blanks, address 
Dr. CatpERoN Howse, Columbia University, College of Physicians and Surgeons, New 
York City. 








FEDERATION PROCEEDINGS 
































NEWYORK ~ LONDON 


PERGAMON 


OXFORD —~PARIS 





A SELECTION OF NEW BOOKS 


HAEMATIN ENZYMES. 

Edited by S. E. Falk, R. Lamberg and R. K. Morton. 
The proceedings of the International symposium_or- 
ganized by the Australian Academy of Science, Can- 
berra. A total of 96 papers is included, with relevant 


discussion material. 
2 volumes approx. 900 pp. each $14.00 


UNITY AND DIVERSITY IN 
BIOCHEMISTRY. 


An Introduction to Chemical Biology 
By Marcel Florkin. 


Parts I-IV deal with the unity of biochemistry, part V 
is concerned with biochemical diversity. Suitable for 
students and teachers of courses of general biochemistry 


and biology. 
412 pp. $10.00 


PHOSPHOROUS METABOLISM OF BRAIN. 


By P. J. Heald. 


An up-to-date comprehensive and critical assessment of 
work relating to metabolism of phosphate derivatives 
in the central nervous system as affected by change in 
the functional activity of the brain. 

180 pp. $6.50 


ADVANCES IN BIOLOGY OF SKIN. 
Volume |. Cutaneous Innervation. 
Edited by W. Montagna. 


The material for this book was presented at the Sym- 
posium on The Biology Skin held at Brown University. 
A readable, an authoritative reference source. 

224 pp. $10.00 


ASPECTS OF THE ORIGIN OF LIFE. 

Edited by Marcel Florkin. 
This book contains twenty articles selected from the 
Symposium on the Origin of Life on the Earth, held in 


Moscow. 
188 pp. $5.00 


PHYSIOLOGY IN INDUSTRY. 
By L. Brouha. 


Evaluation of Industrial Stresses by the Physiological 
Reactions of the worker. A book based mostly on per- 
sonal experiments and experiences of the author. 

145 pp. $6.50 


CHEMICAL PATHOLOGY OF THE 
NERVOUS SYSTEM. 


Proceedings of the Third International Neurochemical 
Symposium, Strasbourg. 


Edited by J. Folch-Pi. 
Presents many papers by leading authorities on this 


important aspect of Neurochemistry. 
Approx. 800 pp. $20.0 


OXYTOCIN. 

Edited by R. Caldeyro-Barcia and H. Heller. 
Proceedings of the International Symposium on Q; 
tocin held in Uruguay, representing a most comp 
hensive account of the physiology of oxytocin with 
special reference to its importance of human labor. © 

Approx. $124 


AN INTRODUCTION TO PSYCHOANALYTI : 
THEORY OF MOTIVATION. : 


By W. Toman. 


This book brings the reader into intimate contact Wim 
the basic concepts and the “grammar’’ of psychoat 
lytic theory. 


FUNDAMENTALS OF RADIOBIOLOGY. 
By Z. M. Bacq and P. Alexander. 


A completely revised and rewritten edition of this if 
portant work, which brings it right up to date. E 
556 pp. $12.0) 


RECENT SOVIET PSYCHOLOGY. 
Edited by N. O’Connor. 


This book provides examples of the three main trent 
in Soviet Psychology today. 
Approx. 570 pp. $12.8) 


ADVANCES IN POLAROGRAPHY. 
Edited by I. S. Longmuir. 


Proceedings of the Second International Congress # 
Cambridge to honor the 70th birthday of the Nob#l 
candidate Jaroslav Heyrovsky. Deals with the present 
state of the theory, instrumentation and application 
of polarography as reviewed by many distinguishel 
authors of international repute. 

3 volumes Set $45.0) 








International Scientific Publisher 
PERGAMON PRESS, Inc. 122 East 55th Street, New York 22, N.Y. 
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handgards 


Manufactured by 


Plasticsmith, Inc. 
Box 1071, Pittsburg, California 





@ 


® Protect your hands! 


ao 
HRs, Saige « 


... Without loss of touch or dexterity 


Handgards are disposable polyethylene gloves that are sanitary 
and convenient—taking advantage of polyethylene’s resistance to 
acids and alkalis to give your hands protection. 


Handgards fit tightly, allowing an amazing sense of touch— 
polyethylene stretches with the hand never restricting its 
movement. 


Handgard seams are smooth and strong. An exclusive process 
produces seams that are as strong as the polyethylene film itself. 


Handgards are water tight. 


Handyards are conveniently packaged, either laminated on rolls 
of white tissue or in a handy pop-up dispenser. They are 
available in 3 sizes, 3 weights and 3 lengths. 


Handgards cost but pennies a glove—are therefore disposable. 
We would like you to see this modern idea in hand protection. 
Mail the coupon below for full information 
together with the sample glove of your choice. 


Plasticsmith, Inc. 
P.O. Box 1071, Pittsburg, California 


Please send me complete information and a sample pair of Handgards. 
Size: small medium [_] large (] 


Name 





Department 





Company. 
Address. 
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a pure tritiated L- amino acid 
at less cost than C'-/abeled forms 


TRITIATED L-HISTIDINE 


with this new compound you can save 
valuable experimental time because: 
1. Absence of p-form eliminates background interference in 
radioautographs. 
2. You get high specific activity...1.7 curies per millimole. 
3. The compound is radiochemically pure as determined by 
chromatography and isotope dilution. 
4. Stereo specificity is checked enzymatically. 
Save money, too— send us your requirements, and we will be happy 
to give you our low prices. We also supply Tritiated Thymidine and a 


host of other radiochemicals and biochemicals. Send for your copy 
of our newly revised price list. 


SCHWARZ BIORESEARCH, INC. 


Dept. 3F * Mount Vernon, N. Y. 
BIOCHEMICALS, RADIOCHEMICALS, PHARMACEUTICALS 
for research, for medicine, for industry 


FEDERATION PROCEEDINGS 














F. J. ZEEHANDELAAR, INC. 
Wild Animai Importers, 


405 North Avenue 
New Rochelle, N. Y. 


In addition to ALL species 

of COMMON MONKEYS 
we can supply ANY special 
requirement for ANY project 


Our deliveries included 
BLACK HAMSTERS, HEDGEHOGS, LEMURS, 
MARSUPIALS, SOLENODONS, etc. 


Agents located in 
every part of the world. 























QUICK RELIEF FOR 
YOUR 
TISSUE PROJECT 


SAVE: 
e TIME 
e SPACE 
e MONEY 
e PERSONNEL PROBLEMS 


EXPERT WORKMANSHIP—PROMPT SERVICE 
WRITE YOUR NEEDS 


BAY HISTOLOGY SERVICE 


2904 OCTAVIA ST. 
SAN FRANCISCO 23, CALIF. 
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BULB-LESS, VALVE-LESS 
SAFETY PIPETTER 


; 


solpdacsksoack Md adesdeoshonbhas 


a 


For micro 
pipeites 
and blood 
diluting 
pipettes 


Pye sist 
dicdess 


Lohisthes 


Ne 


Clinac® Patented PIPETTERS give you extremely accu- 
rate, completely automatic pipetting. They rid your lab 
of the danger of poisoning and infection by totally elimi- 
nating mouth pipetting. 

Operation is amazingly simple, as you can see! Any- 
one in the lab can be an expert pipetter, safely, with 
less than a minute's practice. 

Control is amazingly precise—you can skim off minute 
quantities of liquid—deliver fractions of a drop with an 
accuracy of .01 ml or better! 

Clinac ‘‘Standard”’ Pipetters accommodate volume- 
tric, measuring, and serological pipettes of various sizes 
and diameters. 

Clinac ‘‘Micro”’ Pipetter is especially suited for blood 
pipetting and establishing chromatography patterns. 

Both Pipetters are designed for perfect handling with 
right or left hand! Order several Clinac ‘‘Pipetters’’ for 
your laboratory today! 

No. AC341-80 

Clinac “Standard” Pipetter, each. .....$15.00 
No. AC341-82 

Clinac ‘‘Micro” Pipetter, each. ........ 12.50 


‘LaPINE SCIENTIFIC COMPANY 


6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A, 


MANUFACTURERS © DISTRIBUTORS 


LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS 
IN THE EAST LAPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK PHONE LYric 1-8900 


























XXXViii 


LABELED 
ore) arelel | ey= 


FOR: INDUSTRY * RESEARCH. 
MEDICINE * ENGINEERING 


FEDERATION PROCEEDINGS 





Volume 20 


UM 


Tei 
PUdLLRAY, 




























ARE YOUR RESEARCH DATA VERIDICAL?* 


If your investigations involve laboratory animals, the results 
can be * truth-telling only within the limitations of this living 
material. 

The work of the most conscientious and brilliant scientist loses 
much or most of its value if the animals used in his experiments are 
not healthy to begin with, and do not possess a high degree of uni- 
formity in response to the agents or factors under study. 

For 25 years the mice and rats produced by Carworth Farms, 
Inc. have been giving veridical data and satisfaction to thousands 
of scientists. Disease control measures, breeding programs, im- 
proved techniques, equipment and nutrition are all designed to 
continue the production of healthy, uniform animals. 


RAT STRAINS: 


CFN—This strain was started with rats taken by caesarian sec- 
tion from mothers of the original Carworth-Wistar colony and 
fostered on disease-free animals. They have been bred for many 
generations in an environment designed to shield them from chronic 
respiratory and other diseases frequently present in breeding 
colonies. They exhibit a high resistance to experimental stress in a 

- wide range of biological investigations. 

CFE—lIn order to give investigators a choice of two disease-free 
strains, the CFE rat was developed by the same procedures as the 
CFN rat, using a strain with a different genetic background. It is 
somewhat larger and hardier than the CFN rat, with a high degree 
of uniformity in organ weights. 


MOUSE STRAINS: CF # 1-CFW 


Camorth'Zons, Ine. 


NEW CITY, ROCKLAND COUNTY, NEW YORK 











March 1961 FEDERATION PROCEEDINGS XXXix 


the first portable, “‘desk-top” 





Model 500 
decimal printer 


— the TMC Model 404 


The new TMC Model 404 is the most portable pulse 
height analyzer you can own. Take it and use it anywhere. 
With its all-transistor, printed circuitry and 400-channel 
memory in a package just over a cubic foot, this analyzer 
is small enough to operate on your desk. All the instru- 
ments needed for an experiment can be. carried easily by 
one person. 

The Model 404 has a magnetic core memory that can be 





Model 404 
pulse height analyzer 


used in sub-groups of two or four; four separate inputs 
and associated amplifiers; internal pulse routing circuitry; 
pushbutton data transfer and display overlap; very low 
power requirements and many “system” advantages. And 
it can be used with the new solid state detectors. 

For readout, use its companion unit, the Model 500 
Decimal Printer; a high speed paper tape punch; strip 
chart or X-Y recorders; or an IBM electric typewriter. 


LITERATURE ON REQUEST. 


TAC 


441 WASHINGTON AVENUE 


TECHNICAL MEASUREMENT CORPORATION 


NORTH HAVEN, CONNECTICUT 


FEDERATION PROCEEDINGS 






















commissariat 
4 I’ énergie atomique 


france 
is ready to supply you with « Organic compounds labeled with Carbon 14, a 
35, Tritium, Deuterium and Nitrogen 15. Chemical and 


radiochemical purity carefully checked. Many com- 
pounds available from stock. Others can be made to 
your requirements. 


« Radioisotopes for medical use. These are subject to a 
pharmaceutical control before delivery. 


« Sealed sources for industrial applications. High spe- 
cific activity Iridium 192 for radiography can be 
supplied. 








Shipments to all countries can be made by air from Paris airport. 


Catalog available on request 


For information please write to: C.E.A. Service des Radioéléments, B.P. No. 2, Gif-sur-Yvette (S.0.), France 
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STYLE MANUAL FOR BIOLOGICAL JOURNALS 





Prepared by: 
THE COMMITTEE ON FoRM AND STYLE OF THE CONFERENCE OF BIOLOGICAL EDITORS 


The Style Manual is designed for biologists preparing manuscripts for publication in scientific journals. Style is inter- 
preted broadly to mean forms of expression in scholarly writing, and the general technical requirements of journals, such 
as details for typing manuscripts, standard abbreviations, and citation of references. The instructions and recommenda- 


tions represent good usage and practice. 


The Conference of Biological Editors committee on Form and Style under the chairmanship of Dr. J. R. Porter, has 
worked for three years preparing this Manual. The drafts of the manual have been read by approximately 100 editors 
and publishers. Recommendations proposed by the International Standards Organization, the International Council 
on Scientific Union’s Abstracting Board, the International Union of Biological Sciences, the International Committee 
on Weights and Measures, and the American Standards Association were considered carefully by the Committee and 


adopted. 


The editorial boards of 76 biological journals have adopted the manual in whole or in part, so as to establish uniform 
standards in biological publications. Scientists submitting manuscripts to any of the 76 journals should use the style 


manual as a guide. 


The 76 journals which have adopted this manual, in whole or in part, to date are: 


Agronomy Journal 

American Biology Teacher 

American Institute of Biological Sciences 

American Journal of Botany 

American Journal of Human Genetics, The 

American Journal of Physiology 

American Midland Naturalist, The 

American Potato Journal 

Annals of the Entomological Society of America 

Applied Microbiology 

Archives of Oral Biology 

Arthritis and Rheumatism 

Auk, The. A Quarterly Journal of Ornithology 

Bacteriological Reviews 

Biological Abstracts 

Biologist, The 

Blood 

Brittonia 

Bryologist, The 

Bulletin of the Entomological Society of America 

Bulletin of the Florida State Museum, Biological Sciences 

Bulletin of the Research Council of Israel. 
Section B, Zoology. Section D, Botany. 
Section E. Experimental Medicine 

Bulletin of the Torrey Botanical Club 

Copeia 

Ecological Monographs 

Ecology 

Economic Botany 

Entomological News 

Federation Proceedings 

Forest Science 

Growth. A Journal for Studies of Development and Increase 

Human Biology 

Illinois Natural History Survey Gioicgical Notes 

Illinois Natural History Survey Bulletin 

I}linois Natural History Survey Circular 

Illinois Natural History Survey Manual 

Internationa] Bulletin of Bacteriological Nomenclature and 
Taxonomy 


92 pages/Illustrated/1960 


ADDRESS ORDERS TO: 


Iowa State Journal of Science 

Iowa, State University of, Studies in Natural History 
Jourral of Applied Physiology 

Jouraal of Bacteriology 

Journal of Biologicai Chemistry 

Journal of Dairy Science 

Journal of Economic Entomology 

Journal of Histochemistry and Cytochemistry, The 
Journal of Immunology 

Journal of Insect Pathology 

Journal of Lipid Research 

Journal of Mammalogy 

Journal of Parasitology, The 

Journal of Protozoology, The 

Journal of the National Cancer Institute 

Journal of Wildlife Management 

Limnology and Oceanography 

Lloydia, A Quarterly Journal of Biological Science 
Metabolism 

Ohio Journal of Science, The 

Papers of the Michigan Academy of Sciences, Arts, and Letters 
Physiological Reviews 

Physiologist, The 

Phytopathology 

Plant Physiology 

Proceedings of the Academy of Natural Sciences, Philadelphia 
Proceedings of the Biological Society of Washington 
Progress in Cardiovascular Diseases 

Public Health Reports (U.S.) 

Quarterly Journal of the Florida Academy of Sciences, The 
Quarterly Review of Biology, The 

Science 

Soil Science Society of America Proceedings 
Systematic Zoology 

Transactions of the American Microscopical Society 
Weeds 

Wildlife Disease 

Wildlife Review 

Wilson Bulletin, The 


Price $3.00 


Subscriptions 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, NW, Washington 6, D. C., U.S.A. 
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UNSURPASSED 


IN ADVANCED DESIGN AND 
OUTSTANDING PERFORMANCE 


4 


SI-RO-FLEX 
ULTRAMICROTOME Ne’ 





PROVIDES EXTREMELY UNIFORM SECTION THICKNESS IN 
LONG UNINTERRUPTED SEQUENCES 


+ Use of flexure strips which are not sub- * Has no bearings or slides that affect 
ject to wear or adjustment eliminates section uniformity-specimen advance by 
lateral excursion of specimen along thermal expansion. 
knife edge. 


* Proved ability to cut sections of less than 
140 A° in thickness. 


Provides extreme reproducibility of 
specimen path perpendicular to knife 


edge. ¢ Supplied complete with hand and motor 

* Gives uniform sections in uninterrupted drives for 3 variable cutting speeds, ad- 
sequences even though knife edge is justable fluorescent illumination and ad- 
curved or marred. justable binocular microscope. 


Write for Complete Specifications 


orsUleromselansiaiey Sco us 2 


DIV. OF SCHUELER & COMPANY / 75 CLIFF ST. NEW YORK 38, N. Y Booth 216 
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| The Symbol of Quality 


WAYNE LAB-BLOX 

for mice and rats 

and as a supplemental 
feed for hamsters 

and monkeys 


_ WAYNE DOG FOOD 
WAYNE RABBIT DIET 
WAYNE GUINEA PIG DIET 


WAYNE LAB-BLOX 
contain no added an- 
tibiotic. They are 
assayed biologically 
to guard against the 
presence of estro- 
genic activity. 


Write for full facts, including name 
of neorest Wayne Dealer. 


ALLIED MILLS, INC. 
Laboratory Diets Div., Chicago 6, Ill. 


One of the world’s oldest and largest exclusive 
manufacturers o* bird and animal diets. 











Placement Service 
Atlantic City 


CONVENTION HALL 


Offices on Main Arena Floor 


Open Sunday April 9, 1:00 p.w—5:00 p.m. 
Monday, April 10-Thursday April 13 
8:15 a.m—5:00 p.m. 
Registration of Applicants: Sunday—Tuesday 
Registration of Employers: Monday—Wednesday 


Interviews: Tuesday—Thursday 


Advance Registrations accepted at Washington office un- 


til March 27, 1961. All applicants already registered | 


must notify that office by March 27, 1961 if they wish 
their records processed and taken to Atlantic City. 


Placement Service, 9650 Wisconsin Avenue, 
Washington 14, D. C. 

















@ Metalwash 
GLASSWARE WASHER 


X 


(Ae 


MODEL OT-20 


FULLY AUTOMATIC 


Detergent Wash 
Tap Water Rinse 
Distilled Water Rinse 


FEATURES: 


Accessible Side Tank 

Double Filter System 

Sanitary Adjustable Legs 

Vertical Immersion Motor Pump 
Polished Stainless Steel Construction 
Automatic Temperature Control 
Oscillating Conveyor 


MODEL TT 40x12 
ANIMAL CAGE WASHER 


For More Information write to: 


@ Metalwash 


IN Metalwash Machinery Corporation 
| \ 904 North Avenue 
‘ ‘ Elizabeth 4, New Jersey 
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AO Spencer Picture-in-a-minute Photomicrography 


When you use the AO Spencer Photomicrographic 
Camera equipped with the Polaroid® Land Camera 
back, permanent photographs are ready for your files 
in just 60 seconds. A coupled visual and photographic 
system lets you shoot what you see... quickly and 
effortlessly. And with the Polaroid back possible errors 
in exposure, illumination or focus can be corrected 
immediately. 

In addition to the Polaroid Land camera back, you have 
a choice of 4 other readily interchangeable camera backs; 
4"x 5” fixed back; 4”x 5” Graflok back; 35mm _ back 
and Bantam back (roll film). You choose the camera 
back and film best suited to your specific require- 
ments. 


\merican Optical 
jj 


SPENCER 


Compan 


NSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


© 





Here, the No. 682G Camera is being used with the 
AO Spencer Series 4 Microstar...an ideal combina- 
tion. The built-in base illuminator provides convenient 
Koehler-type illumination. You select specimen area 
and do all preliminary focusing through binocular por- 
tion of trinocular body .. : focus critically with the tele- 
scopic eyepiece. 

The sturdy vertical pillar, the easily adjustable camera 
support, the camera back and the Microstar all combine 
to provide'a compact unit. Perfect alignment and rigidi- 
ty is assured ... successful photomicrography becomes 
a “snap”. 

Try it and see for yourself. Your AO Representative 
will be happy to arrange a demonstration for you. 


Dept. Q 202 
0 Please send me Brochure SB682 describing the entire line of 
AO Spencer Photomicrographic Cameras. 
0 Please send me Brochure SB124 describing the new Microstars. 
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WARBURG APPARATUS by 


This version of the GME-Lardy Circular Warburg apparatus 
has a specially constructed water bath with a transparent 
plastic bottom. 30-watt reflector spotlights are suitably placed 
beneath the bath, providing 1000 to 1400 foot-candles on 
each flask. 


e@ Excursion continuously variable from 0 to 5 cm. 
@ Shaking rate continuously variable from 75 to 150 per minute 


© Temperature range ambient to 50° C. 

e Accommodates 18 manometers, 16 of them with lights 

© Accurate temperature control, better than +.02° C. 

© Diameter: 26 inches 

Unlimited rotation when lights are not used. Refrigerated mod- 
els also available, as well as a somewhat smaller model with 
accommodations for 14 manometers, 12 of them with lights. 


Middleton, Wisconsin 


Gilson Medical Electronics (On Madison’s West Beltline Highway) | 
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MY NEW HARFORD-MADE CAGE 


was custom designed for me by LAB-CRAFTS, INC. of Morristown, 
New Jersey, specialists in metal products for biological laboratories. 


The team of (HARFORD and LAB-CRAFTS, have designed and 
built cages for all normally used species of laboratory animals, plus 
stainless steel culture tube racks and baskets, laboratory carts and 


many other metal items for the laboratory. 


May we work with you on your needs? 


HARFORD 


METAL PRODUCTS, INC. 


ABERDEEN, MARYLAND 
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MICRO- SEROLOGICAL 
BATH 


DOCTOR 
ordered! 


A dependable new micro-bath that can be 
carried anywhere for on-the-spot tests and 
analyses . . . just right for bedside blood 
pH .. . 37°C. incubations... 56°C. inactiva- 
tions . . . any clinical or research function 
requiring guaranteed uniformity . . . wide 
operating range . . . utmost convenience. 


Small size . . . no sacrifice of Quality .. . all 
the features that guarantee years of satisfac- 
tory performance. 


Wide Operating Range — ambient to 100°C. 


Just what the 


Guaranteed Uniformity — +0.2°C. or better 
at any temperature setting. 

Accurate Temperature Control — Sensitive 
(+0.1°C.) thermostat controls temperature 
throughout entire range. 

Repeatable Settings—Heat control knob and 
reference dial for 100% repeatability. 

Double Wall Stainless Steel Construction — 
Seamless interior shell, smooth, impervious 
easily cleaned. 


New Universal Rack — Holds various size 
tubes, jars, flasks, simultaneously. 


Compact; 7 in. wide, 6 in. deep, 10 in. high. 


Write for Bulletin 613... 
4 pages of bath information. 


3755 West Cortland St. 
Chicago 47, Ill. 





SINCE 1920 


PRECISION 
SCIENTIFIC CO. 











Local Offices in Chicago « Cleveland « Houston 


New York « Philadelphia « San Francisco 
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Federation of American Societies for 
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45th Annual Meeting 
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AMINO ACIDS 
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“AMINO ACIDS 
. Biochemistry 
§ OF p-FLUOROPHENYLALANINE ON POLIOVIRUS REPLICATION. 
evintow and James E. Darnell, Jr. Natl. Insts. of 
th, Bethesda, Md. : 
"In HeLa cells infected with type 1 poliovirus, the 
sthesis of viral RNA and viral protein are closely 
ordinated in time, both beginning 2-2.5 hours after infec- 
jon. There is a relatively short interval between the 
dtiation of synthesis of the macromolecules and the first 
ppearance of mature virus (Darnell et al., Virology, in 
is). In a culture lacking phenylalanine and containing 
25-.05mM DL-p-fluorophenylalanine, infecting virus is 
d and the synthesis of new viral RNA begins after a 
3 latent period and proceeds in the usual manner. There 
|, however, no detectable mature virus formed under these 
mditions, presumably because of the inhibition of viral 
tein synthesis. When 5mM phenylalanine is added to such 
p inhibited culture at, for example, 4.5 hours after infec- 
on, viral protein synthesis begins one hour later, followed 
ithe appearance of mature virus in nearly maximal yield. 
virus thus formed is indistinguishable from that formed 
“ig uninhibited cultures. The results indicate that the close 
"temporal coordination between the formation of viral RNA and 
firal protein in poliovirus replication is not obligatory. 


& 


Biochemistry 


ROPHOTOMETRIC INTERACTIONS OF ATROPINE WITH AMINO ACIDS 
iD PROTEIN. G. D. Maengwyn-Davies and S. I. Oroszlan*(?2). 
mMeot. Pharmacology, Georgetown U. Medical and Dental Schools, 
Washington, D. C. 
© Commercial atropines (A) differ in their enol-content 
Which is increased by UW-irradiation of the dry sulfate. Enol- 
"Ah shows 2 pH dependent absorption-increase at 258mu, and in- 
ts with amino acids, giving a new absorption peak at 295 
300mu. The complex, at the pH optimum, forms stoichiometri- 
c + The free amino is the essential functional group, 
reas the carboxyl is not, since simple amines also interact 
th A. Hydroxyl, amino, guanidine and imidazole substituents 
mthe amino acid enhance this reaction. Cysteine and homo- 
pine inhibit complex formation competitively, whereas S- 
Mthylcysteine does not. A gives a spectrophotometric complex 
with bovine serum albumin (BSA), also competitively inhibited 
Wcysteine. P-chloromercuribenzoate treated BSA shows en- 
iced complexing. Fully acetylated BSA, unreactive spectro- 
cmetrically, still binds A, as determined by equilibrium 
Sis. Therefore, spectrophotometric binding represents 
part of the atropine-protein interaction. The ester and 
p alcoholic groups of A were found essential for these 
pay omtric interactions. (1) Supported by NINDB, 
H 2) Predoctoral Fellow #10852, NINDB, USPHS. 
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Biochemistry 


YMATIC UTILIZATION OF L-GLUTAMINE FOR THE 
HESIS OF CITRULLINE IN BASIDIOMYCETES, 
Levenberg.* University of Michigan, Ann Arbor. 
Ratttoncten, soluble extracts of Agaricus bispo- 
form citrulline when supplemented with ATP, 
»HCO,~,L-ornithine and L-glutamine, Neither DON 
Mr acetylglutamate have a significant effect upon 
Htrulline synthesis. ATP cannot be replaced by any 
§ br nucleoside triphosphates, nor can L-glutamine 
’ substituted by asparagine, glutamic acid, isoglu- 
ine or Deglutamine. Although at very high levels 
fons permit a small reaction to occur, results 
pH optima and substrate competition studies 
ongly suggest that the pathway employing gluta- 
directly (i.,e.without passage of the amide N 
ough free NH,*) serves as the physiologic and 
titatively significant one. Carbamylation of 
ithine may proceed via CAP inasmuch as ornithine 
Fanscarbamylase is present in the extracts and CAP, 
ded as a "bank", results in marked reduction 
HC'"0,° fixation into citrulline. [This work was 
ported in part by the U,S.Public Health Service, ] 





Biochemistry 


AMMONIA FORMATION FROM AMINO ACIDS AND AMIDES IN 
ALKALINE SOLUTIONS. John G. Reinhold. Pepper Labor- 
atory of Clinical Medicine,University of Pennsylvan- 
ia,Philadelphia. 

The concentration of blood ammonia is uncertain 
because of spontaneous formation of ammonia in shed 
blood by enzymatic action. A second important source 
of artifactual ammonia has been identified namely, 
the action of alkalis,used in many analytical proc- 
edures to liberate ammonia, upon blood proteins.The 
effect of alkali is minimal at 10 but increases 
markedly as the pH rises to 11.5. The ammonia so 
formed may be derived from several sites, since exp- 
eriments with amino acids show that they also may 
produce ammonia in alkaline solutions. The amide 
group of glutamine undergoes considerable hydrolysis 
but that of asparagine much less. Serine and threo- 
nine form significant ammunts of ammonia, as do 
arginine ,histidine,lysine,cystine, and tryptophane. 
Ammonia tormation was increased by potassium ferri- 
cyanide. Sodium hydrosulfite first enhanced and 
later inhited release of ammonia. It is concluded 
bee the mechanism is not solely oxidative deamina- 

One 


Biochemistry 


ISOLATION OF AN UNIDENTIFIED IMINO a roman 
James D. Ogle, Milan A. Logan and B. Ar. o* 
Dept. of Bistosical Chemistry, University Meeccont 
College of Medicine, Cincinnati, Ohio. 

An unidentified imino acid has been found in a 
tripeptide isolated from collagen partially degraded by 
the exoenzymes of Cl. histolyticum. The compound has also 
been obtained from complete acid hydrolysates of collagen 
by the use of Dowex 50 and Al,03 columns, It has been 
crystallized from 95% ethanol, Paper chromatography of 
the compound in ethanol-water-ammonia (80:20:1) gave a 
yellow spot with ninhydrin at Re 0.42. The compound gave 
a positive test for imino nitrogen, The ethyl ester 
hydrochloride has been prepared and crystallized. The 
imino acid was shown not to be proline or hydroxyproline 
by column chromatography, comparison of infra-red spectra, 
reaction with ninhydrin in glacial acetic acid and by its 
failure to react with dimethylaminobenzaldehyde foliowing 
oxidation with chloramine T. The structure of this imino 
acid will be discussed. 


Biochemistry 


SPECIFICITY OF AMINO ACID ACTIVATING ENZYMFS. Robert B. 
Loftfield and Elizabeth Ann Eigner.*Huntington Laboratories 
Mass. Generel Hospital and Harvard Med. School, Boston, Mass. 
It is probable that, in pert, the amino acid seouence of 
proteins is controlled by the amino acid activating enzymes. 
By measuring the activation and conversion to hydroxamate of 
ac amino acid in the presence or absence of other amino 
acids (JACS §1,4753,1959; B&B Res.Comm. 2,72,1960) we have 
determined the Michaelis constants and Inhibition Constants 
for valine and isoleucine activating enzymes fron E. coli 
{Bergmann et al. Fed. Proc. 18,191,1959). Valine activation 
by valine enzyme (Km = 1.4 x 10-5) is inhibited competitively 
by isoleucine (Kr = 6 x 10-9), leucine (KI = 2 x 107%), allo- 
isoleucine (Kr = 1 x 10-”) and aminobutyric acid (Ky = 6 x 
1075) but not by alanine. None of these was measurably acti- 
vated by the valine enzyme. Valine activation by the iso- 
leucine enzyme (Km = 2 x 10-4) is inhibited by isoleucine 
(Ky ca. 107°). Isoleucine activation by isoleucine enzyme 
has Km = 4 x 10-8. Alloisoleucine activetion (Km ca 10-2) 
by a crude enzyme preparetion is inhibited by both valine 
and isoleucine. 








Pharmacology 


TIME COURSE OF G-AMINOISOBUTYRIC ACID-1-Cl4 UPTAKE BY 
ESTROGEN-STIMULATED RAT UTERUS. John R. Daniels* and 
Sumner M. Kalman. Dept. Pharmacol., Stanford Univ. School 
of Med., Palo Alto, Calif. 

Enhanced accumulation of the non-metabolizable amino 
acid, Q-aminoisobutyric acid (AIB), by the uterus of the 
estrogen-treated rat was demonstrated by Noall et al. 
(Science 126:1002,1957). Their paper included one time 
point only, 20 hours after s.c. injection of estradiol. In 
the present study 2l-day old rats were given 0.1 pg 
a-estradiol intravenously. Relative tissue:serum concentra-— 
tions of AIB-1-Cl4 for uterus reached a peak 12 hours after 
hormone injection; by 20 hours it had fallen to control 
levels. The increased uptake of AIB by the uterus appeared 
within 2 hours after hormone treatment. By 12 hours after 
estradiol injection the ratio CPM/mg uterus (dry weight): 
CPM/pL serum was 67 compared to a control value of 26. The 
serum AIB level was unaffected by estrogen. However, there 
was a small but significant increase in liver accumulation 
of AIB with time after estrogen treatment; this appeared to 
be at the expense of muscle. These results supplement 
recent in vitro studies of Noall (Biochim.Biophys.Acta 40: 
180,1960) which indicate that stimulation of amino acid 
transport precedes the growth response to estrogen. 
(Supported by a USPHS grant.) 





Pathology 


PATHOLOGIC CHANGES ASSOCIATED WITH B-2-THIENYL-DL-ALANINE AD- 
MINISTRATION: Nathan Kaufman, M.D., Thomas D. Kinney, M.D., 
Janis V. Klavins, M.D., Duke Univ. Sch. of Med., Durham, N.C. 
Young male albino rats were fed a synthetic high protein di- 
et supplemented with B-2-thienyl-dl-alanine, a phenylalanine 
antimetabolite, for 4 weeks, The control animals were pair fed 
the basal diet without the thienylalanine supplement. At autopsy 
the pancreatic acini were shrunken, the acinar cell nuclei were 
pyknotic and the cytoplasm vacuolated. There was occasional loss 
of cells, The kidneys were enlarged, the cells lining the proxi- 
mal convoluted tubules were swollen and the lumens narrowed, The 
nuclei were vecicular, A few mitotic figures were present. The 
seminiferous tubules were slightly decreased in size and con- 
tained a few spermatozoa and numerous degenerated immature forms, 
The epithelium of epidiciymis was increased in height. The pros- 
tatic epithelium was low and atre hic, The mature lymphocytes 
were markedly decreased in nunt -n the spleen and the thymus. 
The cytoplasm in the pitutary acicophils was decreased in amount 
and stained less intensely, The epiphyseal plates of the tibias 
were narrowed, The bony trabeculge were short, Plump, and de- 
creased in number, There was hyp<srkeratosis of the epidermis 
and atrophy of the hair follicles. Although many of the changes 
were similar to those seen in phenylalanine deficiency, the 
changes in the skin, spleen, renal tubules, and pancreas have not 
been reported heretofore in phenylalanine deficiency. 


Nutrition 


COMPARISON OF ESSENTIAL AMINO ACID PATTERNS. Marilyn Kirk*, 
Norma Matheny*, and May Reynolds, School of Home Economics, 
University of Wisconsin, Madison, Wisconsin. 

The response of young women to diets containing essential 
amino acids proportioned as in the FAO provisional pattern and 
as in two intact proteins was determined by nitrogen balances. 
Six young women were studied on diets containing essential 
amino acids in the FAO provisional pattern and as present in 
nonfat milk solids; six other young women were studied on 
diets containing essential amino acids in the FAO pattern and 
as in peanut butter. The FAO pattern and the pattern of 
essential amino acids in each food were studied when furnished 
chiefly by (1) purified amino acids and (2) the intact pro- 
tein, The amounts of dietary essential amino acids, propor- 
tioned as in the intact proteins, were based on the amounts in 
FAO pattern proportions required for nitrogen equilibrium or a 
slight nitrogen loss, Additional dietary N was furnished by 
nonessential amino acids and diammonium citrate. As judged by 
nitrogen balances, response to the patterns in both intact 
proteins was better than to the FAO pattern, regardless of 
whether essential amino acids were furnished in the purified 
form or as the intact protein. (Supported in part by a USDA 
contract sponsored by the Human Nutrition Research Division, 
Agricultural Research Service.) 
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Nutrition 


ABSORPTION OF AMINO ACIOS AND SUGARS FROM A THIRY LOOP JW 
MAN. Aline Underhill Orten., Wayne State University 
College of Medicine, Detroit. 


An adult male having a functional blind (Thiry) loop 
of ileum has been the subject for experimental studieson 
intestinal absorption. Three-hour rates and the pattern 
of absorption of 18 amino acids in equimolar amounts have 
been determined. These have been compared with the ab- 
sorption rates and patterns found with other mixtures 
including a "plasma pattern", the essential amino acids 
and the FAO mixture. Comparisons of rates with some single 
amino acids also have been made. The over-all rate and, 
to a less extent, the pattern are influenced by the 
qualitative composition of the mixture. The addition of 
Qlucose retards amino acid absorption with no pattern 
change, whereas fructose may accelerate the absorption 
and so far galactose seems to have little effect. At this 
writing, phlorizin appears to retard amino acid absorption, 
Glucose with phlorizin fails to retard amino acid absorp. 
tion. Thus an interrelationship in absorptive pathways 
of monosaccharides and amino acids is suggested, 
(Supported by U.S.P.H.S. Grant A-693) 





002 AMINO ACIDS—Metabolism 


Physiology 


OXIDATION OF AMINO ACIDS IN BRAIN HOMOGENATES. Bernard 
Schepartz.* Dept. of Biochemistry, Jefferson Medical College, 
Philadelphia, Pa. 

Early investigators using manometric techniques found sig- 
nificant oxidation in brain slices of glutamate alone among 
the L-amino acids. Oxidation of several additional amino 
acids was demonstrated later by the use of larger amounts of 
tissue (minces) and higher concentrations of substrates. In 
recent years investigators have reported oxidation of a few 
cl4-labeled L-amino acids in brain slices and homogenates. In 
preparation for other investigations, it was decided to survey 
the oxidation of uniformly-labeled L-amino acids in brain 
homogenates of the l-day old mouse. Sucrose homogenates were 
incubated in stoppered Warburg flasks under Op for 1 hr. in 
KCl1-MgClo-phosphate medium fortified with ATP, AMP, DPN, nico 
tinamide, pyruvate, fumarate, and 1 microcurie of the labeled 
amino acid. Approximately 10% of the counts added as gluta- 
mate were recovered as C1405, somewhat less from alanine and 
leucine, about 1% from isoleucine and valine, and below 1% 
from phenylalanine, serine, and threonine. Little or none was 
recovered from arginine, histidine, lysine, or proline. (Sup 
ported by U.S.P.H.S. Grant C-1803; carried out with the tech- 
nical assistance of Martha Turczyn.) 


Physiology 


STUDIES ON THE PRODUCTION OF PHENYLKETONURIA IN THE RAT, 
Karleen C. Neill* and H.G. Langford. Univ. of Miss. School of 








Medicine, Jackson, Miss. 

Published reports, stating that phenylketonuria could be 
produced by feeding high levels of phenylalanine (PA), 
prompted attempts to reproduce these findings in this labora- 
tory. 12 rats were fed for 18 days on a synthetic diet con- 
taining 2.5% L-phenylalanine without production of phenylke- 
tonuria. The diet was then changed to one containing 2.5% 
L-PA and 2.5% tyrosine, given for 18 days, and, finally, to 
3.75% L=PA and 3.75% tyrosine, given for 33 days. In no 
instance was phenylketonuria found as judged by three stand- 
ard techniques. Since previous work in this laboratory had 
shown that beta-2-thienylalanine (B-2) would produce above 
normal serum ‘levels of phenylalanine, this drug was adminis~- 
tered to 6 rats on a diet consisting of 1% B-2 and 1% PA, 
with 6 rats serving as controls. Daily testing of the urines 
over a 3-week period failed to demonstrate any phenylke- 
tonuria. These studjes show (1) that phenylketonuria is not 
produced in the rat by feeding the L isomer of PA in exces~- 
sive amounts, and (2) B-2 inhibits degradation of phenylal- 
anine in known abnormal pathways. 
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Biochemistry 


PRIFICATION AND PROPERTIES OF S-ADENOSYL-L-HOMOCYSTEINE. 
john A. Duerre*. Div. Biol. and Med. Res., Argonne Natl. 
iab., Argonne, I11. 

§-Adenosyl-L-homocysteine (AH) was prepared enzymatically 
by reacting adenosine and DL-homocysteine following the direc- 
tions of De La Haba and Cantoni (J. B. C. 234: 603, 1959). 
the isolation of this compound has been simplified. AH was 
prified by column chromatography employing Dowex 504+ resin 
by precipitation with phosphotungstic acid. The compound so 
prified was approximately 95% pure as estimated by paper 
chromatography and by column chromatography employing Dowex 1 
resin (formate form). The only detectable impurities were 
sdenine and homocysteine. AH was purified further by elution 
from paper chromatograms followed by crystallization. Column 
chromatography on Dowex 1 (formate form) demonstrated that the 
compound undergoes considerable oxidation when stored in the 
crystalline form over silica gel at -10°C. The products of 
dilute acid hydrolysis were found to include adenine and a 
new compound, ribosyl-L-homocysteine. It was identified by 
ribose, sulfur, and amino acid analysis. Hydrolysis of 
ribosyl-L-homocysteine with 0.5 N acid yields ribose and homo- 
cysteine. Dilute alkaline treatment of AH results in little 
decomposition. Similar experiments with the sulfoxide of AH 
show this compound to be somewhat more labile toward alkaline 
tydrolysis. (Sponsored by the U. S. Atomic Energy Commission) 


Biochemistry 


ENZYMATIC DEGRADATION OF KYNURENIC ACID. S. Kuno,* 
¥, Tashiro,* H. Taniuchi,* K. Horibata,* and 0. Haya- 


ishi. Kyoto Univ., Japan. S. Seno,* T. Tokuyama, * 
md T. Sakan.* Osaka City Univ., Japan. 


In the presence of DPNH or TPNH and oxygen, kynu- 
renic acid (KA) was converted enzymatically to 7,8- 
dihydrodiol of KA, which was then dehydrogenated to 
1,8-dihydroxy-KA (I) by a DPN-linked dehydrogenase. 
(I) was then converted to 5-(Y-carboxy-Y-oxopropenyl) 
-4,6-dihydroxypicolinic acid (II) by an oxygenase. 
(II) was reduced by a TPN-linked dehydrogenase to 5- 
(Y-carboxyl-Y-oxopropyl )-4,6-dihydroxypicolinic acid 
(III), which was then decarboxylated to 5-(f-formyl- 
ethyl )-4,6-dihydroxypicolinie acid (IV). Further 
oxidation of (IV) by a DPN-linked dehydrogenase 
yielded 5-(8-carboxyethyl)-4,6-dihydroxypicolinic 
acid (V). (I), (III), (IV) and (V) were isolated in 
acrystalline form. (I) and (V) were identified by 
comparison with the chemically synthesized material. 
(¥) was further converted stoichiometrically to a- 
ketoglutarate, oxaloacetate and ammonia. Isotope ex- 
periments have shown that a-ketoglutarate was derived 
from carbons 9, 10, 5, 6, 7 and oxaloacetate from 
carbons 4, 3, 2 and the carboxyl carbon of KA respec- 
tively. This result accounts for the previously re- 
ported randomization of carbons in glutamic acid. 


Biochemistry 


WETABOLISM OF S35-(DICHLOROVINYL)-L-CYSTEINE IN THE CALF. 
K, 0, Schultze and R. F. Derr*. Dept. of Agricultural 
Hochemistry, Univ. of Minnesota, St. Paul. 
S-(dichlorovinyl)-L-cysteine (DCVC) which induces in very 
mall amounts (3 mg/kg, I.V.) fatal aplastig anemia in calves 
(Blood 14, 1015 (19595 was labeled with by synthesis pre- 
viously described (Fed. Proc. 19, I, 7 (1959)) and injected 
intravenously into a normal calf. The rate of urinary excre- 
tion of radioactivity was initially very high, decreasing 
exponentially within the first 15 hours to less than 10% of 
the initial rate. Of the total radioactivity administered 50% 
appeared in the urine in 72 hours, 18% in the feces. The 
madioactive components of the first (44 minutes) urine speci- 
Men were separated into 8 major fractions, 22% of the total 
mdioactivity was present as inorganic sulfate, the remainder 
in unidentified form. In contrast to rats, the calf did not 
‘crete appreciable amounts of 5-DCVC or its N-acetyl deriv- 
ative in the urine. About 10% of the radioactivity of blood 
plamma was in non-dialyzable form. After 72 hours the rela- 
tive radioactivities per gm. dry tissue were: kidney 100, vit- 
Nous humor 15.7; liver 15.3; cartillage 15.1; pancreas 6.9; 
tone marrow 6.6; prefemoral lymphnode 5.7; spleen 4.5; adre- 
ml and pituitary glands 4.3; thymms 3.4; aqueous humor 1.2. 
(Supported in part by the U. S. Atomic Energy Commission, 
Contract AT~(11-1)-364). 





Biochemistry 


CLEAVAGE OF Y-=-HYDROXYGLUTAMiC ACID BY A RAT LIVER 
ENZYME. Bugene E. Dekker™ and Umadas Maitra*. Dept. 
of Biol. Ghem., The Univ. of Mich., Ann Arbor. 

An enzyme recently discovered in rat liver 
extracts (Biochim. Bio - Acta, LO» 174 (1960) ) 
catalyzes the cleavage of y-hydroxyglutamic acid 
( Y-HG) to form glyoxylic acid and alanine. In 
testing extracts of a wide variety of tissues and 
microorganisms, significant enzyme activity has been 
found only in rat and frog liver, A -Hydroxyglutamic 
acid, 4, ¥-dihydroxyglutamic acid, and threonine 
will not replace ¥-HG as substrate, nor will various 
hydroxylated dicarboxylic acids. The enzyme has 
been purified 30 to 40-fold from rat liver extracts. 
Further attempts to purify the enzyme led to the 
finding of a rat liver boiled-juice requirement, 
which can be replaced by L-glutamine. No other 
amino acid amide or optical isomer so far tested 
can substitute for L-glutamine, Added pyridoxal-5'- 
phosphate also stimulates the reaction. This 
intermediate step in hydroxyproline catabolism bf 
mammals converts ¥-HG to products known to readily 
enter other metabolic sequences. (Supported by a 
grant from the U. 8. Public Health Service.) 


Biochemistry 


HORMONAL EFFECTS ON URINARY EXCRETION OF INGESTED a-AMINO- 
ISOBUTYRIC ACID-N-15 BY THE DOG. H. C. Choitz* and O. H. 
Gaebler. Edsel B. Ford Institute for Medical Research, 
Henry Ford Hospital, Detroit, Mich. 

The amount of N-15 in the urinary nitrogen of two normal 
dogs was determined 6, 12, 24 and 48 hours after ingestion 
of N-15-labeled a-aminoisobutyric acid in control experi- 
ments and during treatment with ACTH (20 U/day for 3 days) 
or somatotropin (5 mg/day for 4 days). Either 413 mg 
(19.96 mg excess N-15) or 290 mg (14.01 mg excess N-15) of 
the labeled amino acid was fed. No N-15 enrichment was 
found in urinary urea or ammonia. ACTH increased the total 
amount of N-15 excreted in 48 hours, with the greatest ac- 
celeration occurring in the second 6-hour period after 
ingestion. Somatotropin did not significantly alter the 
excretion of N-15, although marked nitrogen storage was 
induced. Thus the profound effect of the hormone on ex- 
cretion of N-15 from utilizable sourtes such as glycine, 
alanine, or ammonium citrate (Gaebler_et al.,Endocrinology 
65, 283, 1959) was absent. (Supported in part by Grant 
No. A-1362-Endo from the National Institutes of Health.) 


Biochemistry 

EFFECT OF LEUCINS-ISOLEUCINE ANTAGONISM ON RATE OF LIVER 
GENERATION, Pari D. Spolter* and A, E. H r, Dept. of 
Biochemistry, Univ. of Wisconsin, Madison 6, Wisconsin 

Addition of 5% of L-leucine to a diet containing 9% of 
casein causes severe retardation of the growth of rats. This 
can be prevented by a further supplement of relatively small 
amounts of isoleucine and valine. Rats were fed a protein- 
free diet for 4 days, were partially hepatectomized and were 
then allowed to regenerate liver on diets containing Sf of L. 
leucine + 0.325% of DL-isoleucine + 0.30% of DL-valine or 5% 
of L-leucine + 0.74% of L-glutamic acid. The dry weight of 
liver and the quantities of protein, RNA and DNA regenerated 
were measured at 4 and 10 days following partial hepatectomy. 
Significantly less dry weight, protein and DNA were 
regenerated in rats fed the diet lacking isoleucine and 
valine. The rate of regeneration-was similarly depressed in 
pair-fed control groups receiving isoleucine and valine. The 
RNA content of the livers of rats fed the leucine-glutamic 
acid diet was higher than that of the pair-fed control group 
4 days following partial hepatectomy, but the RNA content 
decreased to normal in all groups 10 days after the operation. 
Gershbein (Am. J. Physiol., 195, 670, 1958) has reported that 
rats fed diets containing ethionine regenerate less dry liver 
than control rats fed ad libitum. Similarities between the 
effects of leucine and ethionine will be discussed. 








Biochemistry 
UROCANASE AND PYRIDOXAL-5-PHOSPHATE. Naba K. 
Gupta* and William G. Robinson*. Department of 


Biological Chemistry, University of Michigan, 
Ann Arbor 

Urocanase, which catalyzes the addition of 
water to urocanic acid to form 4(5)-imidazolone- 
5(4)-propionic acid, has been highly purified 
from extracts of chicken liver. Treatment of the 
purified enzyme with hydroxylamine at low concent- 
rations results in a complete loss of activity. 
After thorough dialysis of an inhibited enzyme 
preparation to remove hydroxylamine, the enzymatic 
activity can be restored by incubating the enzyme 
solution with pyridoxal-5-phosphate or deoxy- 
pyridoxal. Pyridoxal and several of its analogs 
as well as other aldehydes and ketones are not 
effective in reactivating the enzyme. By passing 
the untreated enzyme through a carboxymethyl 
cellulose column, an inactive protein fraction 
is obtained which shows urocanase activity after 
treatment with pyridoxal-5-phosphate. The mechan- 
ism of the addition of water (D20) to urocanic 
acid is under investigation. 


Biochemistry 


THE CONVERSION OF GLYCINE, GLYOXALATE AND GLYCOLATE TO OXALATE 
IN THE PYRIDOXINE-DEFICIENT RAT, M.E, Coryell,* H.B, O*Rear,* 
and W.K. Hall, The Medical College of Georgia, Augusta, Ga, 

It has been shown that pyridoxine-deficiency in animals 
causes an increase in urinary oxalate, To elucidate the rela- 
tive roles of certain precursors as affected by the deficiency 
state, radioactive glycine, glycolate, and glyoxalic acid were 
injected intraperitoneally on 2 successive days into Bg-defi- 
cient rats, and normal controls on supplemented purified diets, 
The urines were collected over a 48-hour period starting with 
the first injection, Total oxalic acid and its content of 
radioactive carbon were determined in triplicate on the acid- 
hydrolyzed urines after two continuous ether extractions, The 
average amounts of oxalate per 100 gm body weight excreted by 
deficient rats were 3 to 5 times those of their respective con- 
trol rats. The average total activity excreted as oxalate by 
deficient rats after injection of isotopic glyoxalate or glyco- 
late was roughly 20 and 80 times, respectively, that excreted 
after glycine injection. However, after administration of 
either the glycine or glyoxalate, the specific activity of the 
oxalate excreted by deficient rats was not significantly 
different from that of control rats, In contrast, after gly- 
colate injection, the specific activity of oxalate excreted by 
deficient rats was about 10 times that of the controls. 
(Supported by USPHS grant A-1426.) 





Biochemistry 


BIOCHEMICAL OBSERVATIONS IN KETOACIDURIA, A VARIANT OF MAPLE 
SYRUP URINE DISEASE. M. D. Morris# B. D. Lewis “and P. D. 
Doolan* Clinical Investigation Center, U. S. Naval Hospital, 
Oakland, California. 

Maple Syrup Urine disease is a recently discovered inherit- 
ed anomaly usually characterized by severe mental retardation 
and periodic respiratory disturbances. Coincident with the 
appearance of the clinical symptoms the urine excreted by the 
patient hes an odor resembling that of maple syrup and at this 
time the urine contains large amounts of the a-keto acids of 
leucine, isoleucine, and valine. In this laboratory a study 
of the biochemical aspects of this disease has been carried 
out on a white female child in whom the disease was first di- 
agnosed at 16 months of age. This patient is now 39 months 
of age but has not yet exhibited signs of mental retardation. 
During acute exacerbations of the disease, large quantities 
of the a-keto acids of leucine, isoleucine, and valine are 
excreted. In the course of subsequent remissions although 
the total a-keto acid excretion becomes normal, the 3 branched 
chain keto acids characteristic of the disease are consistent- 
ly identifiable in the urine in contrast to normal subjects 
of the same age in whom these a-keto acids have not been de- 
tected by us. 
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Biochemistry 
yY-AMINOBUTYRATE METABOLISM IN CLOSTRIDIUM AMINO- 
BUTYRICUM. John Hardman* Enzyme Section Natl. 
Heart Inst., Bethesda, Md. 

Cc. aminobutyricum ferments 2 moles of y-amino- 
butyrate SD) to 2 moles each of NH3 and acetate 
and 1 mole of butyrate. Cell-free extracts catalyse 
the same overall reaction when supplemented with 
amketoglutarate, Pi, CoA, TPN and/or DPN, and a mer- 
captan. Available data support the proposal that 
y-AB fermentation proceeds thru succinic semialde- 
hyde, y-hydroxybutyrate to vinylacetate by the suc- 
cessive action of a transaminase, a dehydrogenase, 
and a dehydrase. Free NH3 is released, a-ketogluta- 
rate is regenerated and reduced pyridine nucleotide 
is formed (for succinic semialdehyde reduction) by a 
powerful glutamic dehydrogenase present in crude ex- 
tracts. The vinylacetate (or crotonate) undergoes a 
dismutation reaction yielding acetate and butyrate, 
Only 1 mole of ATP is formed at the substrate level 
per 2 moles of y-AB according to the scheme postu- 
lated. ATP yields calculated from the quantity of 
cells formed with y-AB and y-hydroxybutyrate (and 
NH3) as growth substrates, indicate that additional 
phosphorylation occurs, presumably at the electron- 
transport level. 


Biochemistry 
METHIONINE METHYL GROUP OXIDATION BY RAT LIVER. 
Edward J. Kuchinskas. Dept. of Biochem., SeUseNeXe, 
Downstate Medical Center, Brooklyn, NeY. 

The overall oxidation to COg of the methyl grow 
of methionine has been detected in rat liver hmogen- 
ates. Centrifugation of the homogenates at 50,000 
xX g gave supernatants with appreciable amounts of 
this activity. Lyophilization of the supernatant 
fractions resulted in a stable powder which wes used 
for subsequent studies. L-Methionine methyl- was 
the substrate and the generated cl4o5 was trapped 
in alkali by flushing the homogenate with air. The 
PH optimum with K-phosphate buffers was found at 6.9 
with the activity reduced to 50% of maximum at pH 
5.9 and 7.9. At the optimum pH the following results 
were obtained: flushing with Neg or heating the sus- 
pended powder at 100°C for 30 min reduced the activ- 
ity to a negligible amount; KCN at 6 x 10-5M gave 
no inhibition while 4 x 10-5M L-cysteine reduced the 
activity to 65% of the control; addition of ATP, 
glutathione and MgClo gave no enhancement of the 
activity while DPN and TPN at 6 x 10°4M increased 
the enzymatic reaction approximately four fold. 
Further characteristics of this overall oxidation 
process are being investigated. (Supported by a 
grant from the U.S. Public Health Service.) 





Biochemistry 


METABOLISM OF HYDROXYLYSINE BY STREPTOCOCCUS FAECALIS. F. BR. 
Leach*, W. G, Smith*, and C, M, Tsung.* Department of Bio- 
chemistry, Oklahoma State University, Stillwater, Oklahoma. 

Peterson and Carrol (Science, 123, 546, 1956) have shown 
that although hydroxylysine was unable to support growth in 
the complete abecnce of lysine, it has considerable ability 
to lower the lysine requirement of certain lactic acid bacte- 
ria, Hydroxylysine was isolated from gelatin hydrolysates by 
column chromatography and then labeled with tritium. Radio- 
active lysine does not give rise to labeled hydroxylysine as 
is the case in mammals, Labeled hydroxylysine was not con- 
vertcd to lysine; thus the growth interrelationship is more 
obscure than an interconversion of the two amino acids, Most 
of the radioactivity in the cells grown on a medium containing 
labeled hydroxylysine can be reisolated in the hydroxylysine 
fraction, Fractionation of such cells reveals that the radio 
activity is distributed in the following manner: cold tri- 
chloroacetic acid extract, 23%; trypsin-solubilized, 52%; and 
cell wall mucopeptide, 11%, Radioactivity was also found in 
cell wall material isolated by the procedure of Ikawa and 
Snell, At present the intriguing activity of hydroxylysine 
would have to be ascribed to hydroxylysine utilization per 8€ 
since it has not been possible to identify any radioactive 
compound other than hydroxylysine. (Supported in part by & 
grant from the Research Corporation. ) 
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Biochemistry 
qs CHROMATOGRAPHY OF URINARY AROMATIC ACIDS. Charles C. 


geeley* and Clyde M, Williams*. Dept. of Biochem. and Nutr., 
iniv. Of Pittsburgh, Pittsburgh, Pa. and Dept. of Radiology, 
tniv. of Florida College of Medicine, Gainesville, Fla. 

Urinary aromatic acids were separated from acidified urine 
by the method of Shaw, McMillan and Armstrong (J. Biol. Chem. 
m6: 255, 1957), converted to their respective methyl esters 
yith diazomethane, and diluted to a convenient volume with 
ether. The methyl esters were separated by gas chromatography 
on adipate polyester (206°) and silicone (191°) columns. 
shout 40 components were observed consistently; six of these 
derivatives were identified by comparison with authentic stan- 
jards, By relating the observed peak area of each component 
ester to a graph of area versus concentration, quantitative 
geasurements were made of these aromatic acids for a patient 
vith malignant carcinoid and four normal controls. The ob- 
served values for 5 aromatic acid metabolites given as micro- 
grams /mi lligram creatinine were as follows: (patient with 
carcinoid, mean of normals) p-hydroxyphenylacetic acid, 78,19; 
homovanillic acid, 2.5,3.6;hippuric acid, 51,660;5-hydroxy- 
indoleacetic acid, 64,7;indoleacetic acid, 0.8,1.4. By this 
method calculations can be made of the urinary excretion lev- 
els of al) the known aromatic acids from a single gas chroma- 
tographic analysis of a sample equivalent to a volume of urine 
containing 400 micrograms of creatinine. 


Biochemistry 

INHIBITION OF P-HYDROXYPHENYLPYRUVIC ACID OXIDASE BY EXCESS 
SUBSTRATE OR PHENYLPYRUVIC ACID. Vincent G. Zannoni* and 
Bert N. La Du. Nat'l Inst. of Arthritis and Metabolic 
Vseases, Bethesda, Md. 

p-Hydroxyphenylpyruvic acid (PHPP) oxidase, the enzyme 
vhich catalyzes the oxidation of PHPP to homogentisic acid, 
is inhibited by excess substrate or small amounts of phenyl- 
pyruvate when preincubated with the latter. This inhibition 
is prevented or reversed by ascorbic acid or 2,6-dichloro- 
phenolindophenol. Studies have been made to determine whether 
the ability of these reducing agents to protect the enzyme is 
due to their redox potential or whether some structural spec- 
ificity is involved. Assay of a number of dyes and various 
hydroquinones has shown no direct correlation between the 
redox potential and the degree of activity. However, the 
group of active compounds have some interesting similarities 
in structure in that they are indophenols or derivatives of 
hydroquinone or phenylenediamine. Among the active compounds 
ae N,2,6-trichloro-p-quinoneimine, toluidine blue, thionin, 
methylene blue and brilliant cresyl blue. Hydroquinone, p- 
aminophenol, p-phenylenediaminé, homogentisic acid, gentisic 
aid and 1,4-naphthalenediol are also active, but ortho and 
neta dihydroxy phenols are without effect. The possibility 
mst be considered that a naturally occurring quinone of this 
type is required as a cofactor for PHPP oxidase and that it is 
maintained in a reduced state by vitamin C. 


Biochemistry 


YBTABOLISM OF DL-TRYPTOPHAN-5-C2*, G,. P. Mathur*and L, M, 
Henderson, Department of Biochemistry, Oklahoma State 
Ihiversity, Stillwater, Oklahoma, 

DL-Tryptophan-5-C** has been synthesized (Fed. Proc., 19, 
6, 1960) and used in metabolic studies designed to determine 
the fate of Cs and adjacent atoms in the indole nucleus of 
tryptophan, When DL-tryptophan-5-C2* was injected intraperi- 
toneally into a rat 27.6% of c1* was found in expired COp and 
lj$was excreted in the urine, Glutamic acid and alanine 
isolated from carcass and liver protein hydrolysates were de- 
graded to determine their labeling pattern, The distribution 
of radioactivity in carcass glutamate was: C, 12.1%, Co 
3.26, Co 25.1%, Cy 42.2% and Cs 1.7%. The distribution of 
tadioactivity in carcass alanine was: C, 20.9%, Co 38.6% and 
Cs 38.9%. Such labeling patterns are obtained when acetate- 
acl is administered, In an acetate trapping experiment 
wing cyclohexylalanine following administration of DL-trypto- 
phan-5-C2* to a rat, the trapped acetate contained 97% of 
total radioactivity in the methyl carbon, These observations 
tovide conclusive evidence that in oxidative metabolism of 
ttyptophan, Cs is degraded via Co of acetate, Results of 
Mtabolite overloading experiments suggest that glutaric and 
&etoacetic acids are intermediates in this oxidation, 
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Biochemistry 


INHIBITION BY THYROXINE OF 7- AMINOBUTYRATE~0-~ KETOGLUTARATE 
TRANSAMINASE. Antonio Horvath , Fernando Orrego , and 
Herbert McKennis, Jr. Institute of Physiology, University of 
Chile, Santiago. 

In vitro studies with y-aminobutyrate-o-ketoglutarate 
transaminase preparation from rat brain (modified from Bessman 
et al.) indicate that on a molar basis thyroxine inhibits 
transamination of y-aminobutyric acid to an extent approxi- 
mately equal to that of semicarbazide. Spectroscopic evidence 
from previous studies (Horvath, Enzymologia, 19, 297 (1958)) 
suggests that this inhibition by thyroxine may arise via a 
Schiff base type of compound formation between thyroxine and 
pyridoxal-5-phosphate. Studies in the rat in vivo with y~- 
aminobutyric acid-1-C-14 in which production of respiratory 
CO,-C-14 was inhibited by thyroxine, semicarbazide, and 
tpdenalaie indicate the possibility of a similar type of 
inhibition. Spectroscopic studies with pyridoxal and 
thyroxine indicate, however, the necessity for consideration 
of possible interference by thyroxine at the pyridoxal 
kinase level. 





Biochemistry 


Proline Oxidation to Al-Pyrroline-5-carboxylic Acid in Rat 
Liver Mitochondria. Anne B. Johnson™, and Harold J. Strecker. 
Albert Einstein College of Medicine, New York, N. Y. 
Formation of Al-pyrroline-5-carboxylic acid (P5C), a pro- 
posed intermediate in proline oxidation, has been shown in rat 
liver mitochondria metabolizing L-proline. The product was 
identified by a characteristic ninhydrin reaction, following 
paper electrophoretic isolation, and by o-aminobenzaldehyde 
reaction, each in comparison with chemically synthesized P5C. 
Washed mitochondrial preparations utilized up to 90% of the 
Loproline added, forming a stoichiometric equivalent of P5C. 
cC~* labelled L-proline disappearance was accounted for as cl4 
labelled P5C. Although some conversion of L-proline to P5C 
occurred anaerobically, marked stimlation was obtained on in- 
cubation in air, suggesting an intermediate electron acceptor. 
Oxygen consumption was approximately equivalent to P5C pro- 
duction. A phosphate extract of mitochondria, inactive by it- 
self, stimlated aerobic P5C formation when added to washed 
mitochondria. The stimlatory factor was heat labile and non- 
dialyzable. Similar stimulation was observed on addition of 
cytochrome c. The phosphate extract, however, contained in- 
sufficient cytochrome c or cytochrome oxidase to account for 
its activity. Washed mitochondria reduced cytochrome c or 
2,6-dichlorophenolindophenol with added L-proline but with no 
other amino acid tested. 
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EFFECT OF NS-FORMYLTETRAHYDROFOLATE ON CHOLINE METHYL GROUP 
BIOSYNTHESIS IN NEUROSPORA CRASSA. Julian R. Rachele, Cornell 
University Medical College, New York, N. Y. 

A methionine requiring mutant of Neurospora crassa was grown 
in a chemically defined medium in the pr ce or ab of 
substrate levels of Leucovorin. The methionine supplement 
was provided by Cl4pz-methionine, intramolecularly doubly 
labeled. Choline was isolated from the mycelia by a procedure 
allowing the estimation of choline by inverse isotope dilution. 
The choline molecule and its trimethylamine moiety both 
obtained as chloroplatinates were analyzed for their Pt, cl4 
and D contents. No difference in growth was observed in the 
cultures whether or not supplemented with Leucovorin. How- 
ever, the amount of choline formed in cultures with Leucovorin 
was about half that formed in cultures without the latter. 

The D/Cl4 of the choline methyl group indicated utilization 
of the preformed methionine methyl group largely as such. 
While Leucovorin had no effect on the p/cl4 in the trimethyl- 
amine moiety of choline, its presence increased the incorpora- 
tion of both isotopes about twofold. The results indicate 

the possibility of more than one route for choline biosynthe- 
sis in this mutant of Neurospora. (Supported by a grant from 
the National Cancer Institute.) 
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THE EFFECT OF TRYPTOPHAN METABOLITES ON !LANIN FORMATION 

Me ae Dermatology Research Laboratories of the Harvard 
Medical School at the Massachusetts General Hospital, Boston, 
Massachusetts. 

The effects of various tryptophan metabolites upon the 
tyrosine or Dopa-tyrosinase reaction have been studied, 
Tyrosinase was prepared from mouse melanoma, L-tyrosine or 
L-Dopa-tyrosinase reaction was determined by oxygen consump- 
tion. L-Dopa in the reaction system was determined by paper- 
chromatocraphic separation, extraction and colorimetry. 

Serotonin, 50H-tryptophan, 5OH=indole and SOH=indole acetic 
acid showed mgr Sasnt inhibition of tyrosinase at low con- 
centrations (10-“M,). Melatonin (N-acetyl-5-methoxytryp- 
tamine), indole acetic acid, kynurenin, 30H-anthranilic acid, 
kynurenic acid and anthranilic acid were found to exert some 
inhibitory effect at higher concentrations (1072M), 

In the presence of 30H=kynurenin (an aminophenol), the rate 
of disappearance of Dopa in the reaction system was sicnifi- 
cantly slower during the early stages of the reaction and 
melanin formation was inhibited, Butenandt has proposed that 
there may be a coupled oxidation-reduction nechanism between 
the aminophenol to aminophenoxazone system and the Dopa 
quinone to Dopa system. This may explain the result obtained, 
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ENZYMATIC RACEMIZATION OF TRYPTOPHAN. E. J. Behrman* and 
Andrea M. Cullen*. Cancer Research Institute, New England 
Deaconess Hospital, Boston 15, Massachusetts. 

L-Tryptophan is metabolized by strains of Pseudomonas 
either via the quinoline or aromatic pathway; D-tryptophan 
is typically metabolized only by those strains employing 
the quinoline pathway (Stanier & Hayaishi, Science 114, 329). 
We have isolated a strain of Pseudomonas from a D-tryptophan 
enrichment which degrades both isomers via the aromatic 
pathway. Cells grown on either D- or L-tryptophan oxidize 
both isomers of tryptophan, formylkynurenine, kynurenine, and 
alanine at the same rate and to the same extent. Anaerobic 
incubation of D- or L-tryptophan with soluble cell-free ex- 
tracts results in the formation of a racemic mixture. Both 
isomers of alanine are similarly racemized. L-Tryptophan was 
assayed either by following anthranilic acid formation at 
310 mi or by the formation of indolepyruvate enol-borate at 
328 mi. The available evidence favors direct racemization 
of tryptophan rather than a mechanism involving coupled 
transamination. The mechanism whereby quinoline pathway 
organisms metabolize D-tryptophan remains obscure. We have 
been unable to observe transamination, oxidation, or 
racemization in cell-free extracts prepared from these organ- 
isms. (Supported by AEC Contract No. AT(30-1)-901). 
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INFWENCE OF DIETARY PHENYLALANINE AND TRYPTOPHAN ON TISSUE 
SEROTONIN. Hwa L. W and V.R. Harwalker and Ha Ae 
Waisman.Dept. Ped., U. of Wis. Med. Sch., Madison, Wis. 

s been reported that phenylalanine metabolites inhibi- 
ted 5<OH=tryptophan decarboxylase in vitro. In order to obtain 
information on this effect in vivo, 18 day old weanling rats 
were fed chow diet plus 7% L-phenylalanine. The animals were 
sacrificed after 1,2,3 wks on the diet. Serotonin (5HT) levels 
in brain and liver were measured by a chemical method. A 
marked decrease in brain 5HT level was observed after 1 wk. No 
further decrease was noted after the second or the third week. 
Similar observations were made in liver 5HT. Gradually increas- 
ing tissue 5HT levels in normal rats of this age group were 
found. 

The effects of tryptophan and tryptophan combined with phenyl- 
alanine on tissue 5HT were also studied. These rats were fed 
diets containing 5% L-tryptophan or 7% L-phenylalanine plus 5% 
L-tryptophan. A marked increase was observed in brain 5HT and 
only a slight increase occurred in liver 5HT in rats fed 5% 

tophan after the first, second and third week. The 
animals receiving 5% L-tryptophan maintained about normal 
tissue 5HT levels during these periods. 

The results show that the decrease of tissue 5HT by dietary 
phenylalanine may be overcome by an excess intake of trypto- 
phan. 








Nutrition 
PATHOLOGICAL EFFECTS OF EXCESS METHIONINE IN THE DIET OF Yom 
RATS. J. A. Stekol and John Szaran*, The Institute for Cancy 
Research, elphie. 

Kaufman et al.(Arch. Path., 70, 331 (1960)) reported pancre. 
atic damage in young male rats after feeding 2-4% methionine 
for 1 month, the damage being described as similar to that ip. 
duced by ethionine. We fed 30 day old male and female rats, 
complete 24% casein diet or the same diet supplemented with 
0.5-2% of either L-,D-, or Dl-methionine for 4-12 months, th 
gain in weight and food consumption were noted, and the ratg 
were examined histologically monthly. The inhibition of grow 
began at about 1% level of either isomer in the diet, accom 
panied by pathological changes in the liver, pancreas, and 
spleen after 1 month of feeding in both sexes, the extent of 
growth inhibition and organ damage progressively increasing 
with the amount of methionine fed. However, after 1 month, 
these pathological changes were progressively decreasing in 
extent and frequency on continuation of feeding the 2% methio 
nine, and after 4 and even 12 months the organs appeared nor. 
mal. In sharp contrast to results with ethionine, feeding of 
2% methionine to young rats induces organ damage during the 
first month of rapid growth which the animal can apparently 
reverse with time in spite of the 2% methionine in the diet. 
It remains to be determined whether or not amounts of methio- 
nine above 2% will be able, like ethionine, to induce permaner 
organ damage. Aided by grants from NCI and Am. Cancer Society, 
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CARBAMYL ASPARTATE SYNTHESIS IN PIGEON LIVER. M. A. Grillot 
and S. P. Mistry.* Department of Animal Science, University 
of Illinois, Urbana, Illinois. 

We have shown that carbamyl phosphate~aspartate transcar- 
bamylase is present in chicken liver (Fifth Intl. Cong. Nutr,, 
Washington, D. C., 1960, p. 45). In view of the reported 
absence of carbamyl phosphate synthetase in avian liver (Fed, 
Proc. 18, 213, 1959) we have also examined the synthesis of 
carbamyl aspartate in pigeon liver. As in the case of the 
chicken enzyme, carbamyl phosphate-aspartate transcarbamylase 
of pigeon liver is present in the microsomes as well as in th 
supernatant and the pH optimum is about 9.8, However, per m 
protein the microsomes give a more active preparation. Unlik 
the chicken, the aspartate transcarbamylase activity of pigem 
liver is of the same order of magnitude as that of the rat 
liver. On fractionation of the supernatant with ammonium sul- 
phate, pigeon aspartate transcarbamylase precipitates at 30% 
saturation resulting in a twelve-fold purification. Further 
purification of the enzyme with alcohol or acetone, change in 
pH, fractionation on calcium phosphate or DEAE cellulose colm, 
have so far proved unsuccessful. Sulphydryl groups are neces 
sary for the activity of both the chicken and the pigeon en- 
zymes, Glutathione activates the reaction and partially over- 
comes the inhibition of p-chloromercurybenzoate. 





Nutrition 


UTILIZATION OF METHIONINE-METHYL-Cl4 FOR CHOLESTEROL SYNTHESB, 
Cecile H, Edwards, John C, Holley*, James 0, Rice*, By 
Gadsden* and Gerald A, Edwards*, The Agricultural and Techni- 
cal College of North Carolina, Greensboro, North Carolina. 
During experiments designed to investigate the utilisation 
of methionine-methyl-Cl4 by adult, male rats, we have observed 
on paper chromatograms of the fat-soluble fraction of tissues, 
a radioactive compound which contained approximately 27% of 
the radiocarbon in this fraction. By preparation of the di- 
gitonin and tomatine derivatives of this compound from rat 
tissues, determinaticn of their melting points and absorption 
spectra, and by cochromatography, this substance has been show 
to be cholesterol, The melting points of derivatives prepare 
from pure cholesterol were the same as those prepared from rat 
liver, Using the Lieberman Burchard reaction, the absorption 
spectra of the digitonin and tomatine derivatives of choles- 
terol from these two sources were identical over a wave lengt 
r of 320-1550 millimicrons, The specific activities in 
pos oh of cholesterol and its ester digitonides from liver wm” 
99 and 419, respectively; coprostanol digitonide from feces 
contained 546 c/m/mg. Cholesterol and its ester tomatinides 
from liver contained 510 and 546 c/m/mg respectively, whereas 
the radiocarbon in these compounds isolated after feeding 
methionine-2-Cl4 was only slightly above background, (Support 











ed in part by a grant, A-1464, from the National Institutes of 
Health, Public Health Service. ) 
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Nutrition 


(MWARY EXCRETION OF BETA-AMINOISCBUTYRIC ACID BY PATIENTS 
FOLLOWING SURGICAL OPERATIONS. S. Levey and T. Woods*. 
fept. Surg., Western Reserve Univ. and Univ. Hosps. of 
fleveland, Cleveland, Ohio. 

Using high voltage electrephoresis the amount of beta- 
ginoisobutyric acid (BAIBA) was determined in the urine of 
patients undergoing a variety of surgical procedures. 
(perations involving both major (gastric resection) and minor 
(terniorrhaphy or cholecystectomy) surgical trauma were 
studied. A sharp increase in the urinary excretion occurred 
om the second or third postoperative day with a rapid decline 
to preoperative levels during the next few days. Pbretraumatic 
levels were usually 300 to 600 mg./day and the maximum 
weretion was hetween 100 and 2000 mg/day. No correlation 
yas noted between the excretion of BAIBA and nitrogen balance 
or potassium balance or the excretion of urinary nitrogen. 
Since BAIBA does not occur as a constituent of protein but 
rather is a product of thymine metabolism the excretion BAIBA 
inthe urine may be considered an index of the desoxynucleo- 
potein metabolism. (Supported in part by a grant from the 
wtional Institutes of llealth, A 760 (C7).) 
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WPECT OF AMINO ACID IMBALANCE ON NITROGEN RETENTION. Ricardo 

ani. Institute of Nutrition of Central America and Pana- 
=Tnca>), Guatemala, C. A. 

Growing dogs were fed 4-5 g of protein/kg/body wt./day of a 
complete basal diet supplying N from gelatin 15%, casein &, 
liemethionine 0.3% and DL-tryptophan 0.2%. N retention was 
strongly positive. Elimination of either amino acid decreased 
Jbalance more than the omission of both, but the retention 
ith tryptophan alone was less than with methionine alone. 
ith both omitted, N balance was only slightly below the level 
found with the basal diet. N retention was highest when the 
tryptophan to methionine ratio varied between 1/2.3 and 1/3.8; 
tther rations result in decreased N retentions. All diets 
mre tested for three 4-day N balance periods. Supplementa- 
tio with amino acid mixtures lacking the first limiting ami- 
wacid, methionine, was also studied. A 25% casein diet sup- 
plemented with tryptophan alone did not decrease N retention. 
lidition of tryptophan and threonine or of a mixture of tryp- 
tophan, threonine, phenylalanine, isoleucine, leucine, histi- 
dine and valine, without methionine resulted in a decreased N 
talance; with the mixture of all amino acids giving the lowest 
mtention. Retention was consistently increased by adding the 
first limiting amino acid, methionine. Even with an imbalance, 
inone of the three 4-day periods, usually the second, a higher 
mtention was observed than with the basal diet, apparently a 
transient compensatory reaction. 


Nutrition 
GPECT OF LIME TREATMENT OF CORN ON THE AVAILABILITY OF NIACIN 
WR CATS AND SWINE. J. Edgar Braham, Abel Villareal* and 


rdo Bressani. Institute of Nutrition of Central America 
ii Panama (INCAP), Guatemala, C. A. 

A diet for cats containing 52% of either corn or lime treat- 
tleorn, 8% casein and 15% gelatin was supplemented with tryp- 
phan, niacin or both. Since the cat cannot convert trypto- 
tun to niacin, addition or withdrawal of the amino acid from 
the diet did not affect urinary n-methyl nicotinamide excre- 
tion significantly, but it did increase or decrease nitrogen 
Ntention. Withdrawal of niacin, in the presence of trypto- 
tun, decreased n-methyl nicotinamide excretion without affect- 
lg nitrogen retention. The magnitude of the observed changes 
™s the same for the raw corn and lime-treated corn diet. Wean- 
ling pigs were fed all-corn or lime-treated corn diets supple- 
ited with tryptophan and lysine but not niacin. Maintaining 
‘constant tryptophan level and decreasing step-wise the lysine 
ltvel, increased proportionally the urinary n-methyl nicotin- 
aide excretion. Decreasing the tryptophan level gradually, 
but keeping supplementary lysine constant, lowered the n-methyl 
liotinamide excretion. The withdrawal of either amino acid 
‘ereased nitrogen retention. Results were similar with the 





“rn or lime-treated corn diet. The effect of other essential 
@ino acids is being studied. 
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USE OF FASTING AMINO ACID PLASMA LEVELS IN THE FORMULATION OF 
iy giro ADEQUATE vonage Ce Ie Jarowski*, A. Puccini*, 

e Ge and ™, Winits. e Pfizer and Co. Brooklyn 
Ne. Ye Natl. Insts. of Health, Bethesda, Ma. 5 

An exhaustive survey of the mtritional literature has 

suggested that the free amino acid levels in the blood plasma 
of a given animal species, in the fasting state, might serve 
as @ precise indicator of the dietary amino acid requirements 
of that species. Such concept would permit the facile form- 
lation of diets, nutritionally adequate with respect to the 
essential amino acids, without resort to expensive and time- 
consuming growth or nitrogen belance studies. As a test of 
its validity, studies were designed to compare the growth 
response of rats provided with the most efficient water- 
soluble, chemically defined diets hitherto devised, with that 
of other rats fed comparable diets wherein the essential amino 
acids were present in the same relative ratios as they appeared 
in the plasma of the fasting rat. The data unequi: 
demonstrated that the former and latter diets elicited compara- 
ble growth rates, despite striking differences in their 
essential amino acid compositions. The potential applicability 
of this concept to the quantitative amino acid supplementation 
of proteins, and to dietary needs in metabolic dysfunctions and 
diseased states, will be discussed. 
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NIACIN- TRYPTOPHANE INTERRELATIONSHIPS IN NIACIN 
DEFICIENCY INDUCED BY AMINO AcID IMBALANCE. W.N. 
Pearson and Boriboon Phornphiboul . Div. Nutr. , Dept. 
Biochem. , Vanderbilt Univ. School of Med. , Nashville, Tenn. 
Addition of 400 mg% of threonine to a 9% niacin free-casein 
diet containing adequate cystine or methionine induces a 
growth depression in rats which may be corrected by the 
addition of 2 mg% of niacin. To further examine this phe- 
nomenon threonine was fed either in the diet or separately 
and N'-methylnicotinamide (NMN) excretions, and tissue 
levels of niacin and tryptophane were measured. Separately 
administered threonine did not induce a niacin deficiency. 
Rats fed diets containing 2 mg% of niacin excreted increasing 
amounts of NMN as the experiment progressed. Rats fed the. 
same diet containing threonine grew as well but excreted con 
siderably less NMN. Rats fed a niacin containing diet and 
separate threonine also showed somewhat depressed levels of 
NMN excretions. After a tryptophane test dose, rats fed diets 
containing niacin excreted significantly higher levels of NMN 
than did those on niacin free diets. Tissue levels of niacin 
and tryptophane were not markedly different. (Supported by 
a grant from the National Live Stock and Meat Board. ) 
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THE ABILITY OF THE CHICK TO UTILIZE D AMINO ACID NITROGEN IN 
THE SYNTHESIS OF NON-ESSENTIAL AMINO ACIDS, W.R. Featherston* 
and H.R. Bird. Univ. of Wis., Madison, Wis. 

Studies of the ability of the chick to synthesize non- 
essential amino acids were hampered by the difficulty in 
developing a diet with adequate levels of essential amino 
acids but low levels of other N. Experiments were undertaken 
to determine if the D-amino acids of a purified diet supplied 
N for protein synthesis. The synthetic L-amino acid diet 
contained DL-methionine but otherwise only essential L-amino 
acids at levels recommended by the National Research Council. 
The DL amino acid diet was identical except that the amino 
acids other than arginine were added in the DL form. Both 
diets contained the same levels of DL-methionine, glycine, and 
the essential L-amino acids. No non-essential amino acids 
were present in the diets. In one experiment, the average 
gain of chicks fed the DL-amino acid diet for 18 days was 69.4 
gm. compared to 30.6 for chicks fed the L-amino acid diet. 

The gain per gm. of N consumed was 16.8 gm. for the DL-amino 
acid diet and 14.1 gm. for the L-amino acid diet. The % of 
the total N consumed which was retained by the bird was 49.9% 
for the DL-amino acid diet and 52.5% for the L-amino acid 
diet. Apparently, the chick was able to utilize the N from 
D-amino acids in the synthesis of non-essential amino acids. 
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AMINO ACID REQUIREMENTS AS A PATTERN FOR PROTEIN EVALUATION. 
P. B. Rama Rao* and B. Connor Johnson. Department of Animal 
Science, University of Illinois, Urbana, Illinois. 

Attempts have been made to evaluate the nutritive value of 
proteins from their amino acid content. Mitchell and Block 
(J. Biol. Chem. 163, 590, 1946) used the amino acid composition 
of whole egg protein as the standard for computing a "chemical 
score" of protein based on the most limiting amino acid. Later 
Mitchell (Deut. Landwirtsch. 2, 279, 1954) computed a modified 
essential amino acid index retaining whole egg protein as the 
standard. Ideally the essential amino acid requirements of 
the growing rat should serve as a better standard for calcula- 
tion of the amino acid indices, For this purpose these 
requirements were redetermined (J. Nutrition 69, 387, 1959). 
Based on this requirement pattern we have studied the correla- 
tion between the amino acid content of proteins and their 
biological value. The resulting correlation between the chemi- 
cal score and biological value is significant (correlation 
coefficient 0.919). Calculation of the correlation coefficient 
between the modified essential amino acid index and biological 
value is essentially the same but the standard error of esti- 
mate is much lower. However, when the geometric mean of only 
the limiting essential amino acids in each protein is taken, 
an equally good correlation (0.9) is obtained, 
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THE EFFECT OF NEGATIVE NITROGEN BALANCE ON PLASMA AMINO ACIDS. 
Marian E. Swendseid, Barbara W. Friedrich* and Stewart G. 
Tuttle*. V.A. Center and Univ. of California, Los Angeles. 

This study was initiated to determine whether a negative 
nitrogen balance affects post-absorption plasma amino acid 
values, Subjects who had been on diets deficient in lysine or 
in phenylalanine and tyrosine for 7-day periods were studied 
as well as an obese subject who was without food for 14 days. 
The amino acids in the plasma of blood drawn approximately 14 
hours after a meal were determined by the use of an automatic 
amino acid analyzer. With the dietary deficiencies in es- 
sential amino acids, total plasma amino acids tended to in- 
crease due to elevations in glycine, alanine and serine as 
well as in some of the essential amino acids. The concentra- 
tion of the amino acid that was lacking in the diet remained 
relatively constant. In the fasted subject, the plasma amino 
acid pattern was greatly altered. The most striking change 
was an increase of approximately 30% in the branched chain 
amino acids and this was accompanied by decreases in the non- 
essential amino acids. Apparently, therefore, variations in 
plasma amino acid concentrations during the post-absorption 
period were dependent on whether a negative nitrogen balance 
was induced by essential amino acid deficiencies or by fasting. 
(Supported by a grant from E.I. duPont de Nemours & Co. and 
U.S. Public Health Service grants #A2323 and #41347) 
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STUDIES ON AMINO ACID SUPPLEMENTS REQUIRED BY TURKEY POULTS ON 
A 2U% PROTEIN DIET, C.W. Carlson, South Dakota State College, 
Brookings, South Dakota. 

Fisher, et al. (Poultry Sci, 35:239, 1956) confirmed re- 
ports by Baldini, et al. (Poultry Sci, 33:539, 1954) that a 
2u% protein diet for Jersey Buff poults supplemented with D-L 
methionine or methionine hydroxy-analogue (MHA) and L-lysine 
supported as good growth as a 28% protein diet, These re- 
ports do not agree with the report of Klain, et al. (Poultry 
Sci, 33:128u, 1954) where Broad Breasted Bronze (BBB) poults 
were used, or with preliminary data (Unpublished, 1958) from 
this laboratory using Beltsvilie Smail White pouits. 

A complete-type 20% protein diet including 64% yellow 
corn, 24% dehulled soybean meal, and 2% each of fish meai, 
dried buttermilk, and alfalfa meai was used, BBB poults from 
day-old to 4 weeks of age were shown to require 0.2% addit- 
ionas Le-kysine for optimum growth on this diet to which U,2% 
MHA and 0.6% glycine had also been added, With 0.35% L-ly- 
sine in the basal, u.2% MHA and the further addition of 0.6% 
glycine each significantly improved growth and improved feed 
efficiency, Small but insignificant responses were obtained 
from L-arginine and L-leucine, whereas D-L trypotophane gave 
no response. A positive cpntrol diet including 44% each of 
corn and soybean meal supported still better growth, 
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ERRORS IN AMINO ACID AVAILABILITY DETERMINATIONS. H. J. H, 
de Muelenaere*, M-L, Chen* and A. E, Harper, Dept. of 
Biochemistry, Univ. of Wisconsin, Madison 6, Wisconsin 

Although different values are obtained for the availability 
of an amino acid from a single product, depending upon the 
assay method used, little attention has been given to the 
different principles underlying the various methods or to the 
variations observed among values obtained with a single 
method, The availability of the lysine, threonine, isoleucine 
and valine of corn gluten, rice and zein have been determined 
by two conventional methods: the growth method and the feca] 
analysis method; and by a Net Amino Acid Utilization method, 
Values for availability were determined by the growth method 
using five different criteria of performance and three 
different methods of calculation. Values obtained using 
empty weight gain as the criterion of performance and 
calculations based on the plot of gain in weight versus 
available amino acid consumed were found to be subject to the 
least variation. Raising the level of the test protein or the 
level of energy in the experimental diet resulted in a 
decrease in the value for the availability of lysine. A 
leucine-isoleucine antagonism was observed when zein or corn 
gluten were included in the basal diet and this resulted ina 
lowered value for the availability of isoleucine from these 
products. 
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EFFECT OF SOURCE ON NITROGEN UTILIZATION IN MAN, Lucy Short- 
ridge*, Ko Cheng Chao*, Constance Kies*, and May S. Reynolds, 
School of Home Economics, University of Wisconsin, Madison, 

Two studies were made to determine the utilization of ni- 
trogen as furnished by (1) the amount of egg protein necessary 
to maintain the subject in slight negative balance, (2) the 
equivalent in pure essential and nonessential amino acids, and 
(3) the equivalent in pure essential amino acids with nitrogen 
for nonessentials furnished by diammonium citrate and glycine, 
In all periods, an isonitrogenous mixture of diammonium cit- 
rate and glycine supplied additional nitrogen sufficient to 
bring the total to 8 gr in the first study and 4 gr in the 
second, Nitrogen balance was the criterion. Results of the 
two studies, in which ten young men participated, indicate 
that with the essential amino acids furnished in the same 
amounts throughout the study, utilization of nitrogen is the 
same whether the nonessentials are provided preformed in the 
diet, either in intact protein or as pure amino acids, or 
whether nitrogen for their synthesis is furnished by diammo- 
nium citrate and glycine. At the 4 gr nitrogen level, all 
four subjects were in negative balance on 20 gr of egg protein, 
while at the 8 gr level three of four subjects on 20 gr of egg 
protein or equivalent and one of two subjects on 15 gr showed 
a balance in the "zone of equilibrium." 
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EFFECT OF SPECIFIC AMINO ACID DEFICIENCIES ON PANCREATIC 
ENZYMES IN THE RAT. R. L. Lyman and Sue S. Wilcox.* Dept. of 
Nutrition, Univ. of California, Berkeley, California. 

Mature rats were made partially deficient in phenyl- 
alanine, threonine, histidine or methionine by force feeding 
the deficient diet 10 days. Lipase, protease and amylase 
activities were determined in the pancreas and intestine 2 and 
23 hrs. after feeding diet only or diet plus a pancreatic 
stimulating agent. All deficiencies depressed pancreatic 
enzyme levels during normal stimulation, when compared with 
controls, and greatly reduced intestinal enzyme activities 
during stimlated secretion. Pancreatic protease was least 
affected by threonine, and amylase and lipase most affected 
by histidine deficiencies. Phenylalanine, histidine and 
methionine deficiencies were most effective for depressing 
intestinal protease levels. Repletion of all enzymes 23 hrs. 
after forced stimulation was inhibited by all deficiencies. 
The results indicate that single essential amino acid de- 
ficiencies reduce pancreatic enzyme reserve, with certain 
enzymes being affected more by one deficiency than another. 
Ability of the pancreas to renew active enzyme is also im- 
paired by the deficiency. (Supported in part by U. S. 
Public Health Service Grant A-30)6.) 
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Nutrition 


pACTORS INFLUENCING THE LYSINE REQUIREMENT OF THE RAT. 
4B. Morrison, E.J. Middleton*, J.M. McLaughlan* and 
The Campbell. Food and Drug Lab., Dept. Natl. Health 

mi Welfare, Ottawa, Canada. 

Groups of male and female weanling Wistar rats received 
yneat gluten diets supplemented with methionine, threonine, 
histidine, tryptophan and graded levels of L-lysine HCl. 
eight gains and food intakes were followed for 3 weeks, when 
the animals were killed and plasma lysine levels were deter- 
gined. Although males grew more rapidly than females, no sex 
difference was observed in the percentage dietary lysine re- 
quired for maximum growth. Maximum plasma lysine levels were 
found with the same dietary lysine concentration as that re- 
quired for maximum growth. Increments of lysine above this 
gmunt did not further increase plasma lysine levels. Females 
showed higher plasma lysine levels than males. In further 
studies, rats given diets containing rapeseed oil as a growth 
inhibitor grew more slowly than those given diets containing 
corn oil, but required the same dietary lysine concentration 
for maximum growth. Data will also be presented on the 
effects of the energy level of the diet on lysine requirement. 
It was concluded that growth rate has no significant effect on 
lysine requirement, expressed as a percentage of the diet. 





Nutrition 


AN ASSAY FOR THE FREE LYSINE IN RAT PLASMA. J.M. McLaughlan*, 
F, Noel* and A.B. Morrison. Food and Drug Lab., Dept. of 
Natl. Health and Welfare, Ottawa, Canada. 

4A micromethod for lysine has been developed which can be 
used to measure as little as 1 microgram of lysine. Develop- 
nent of similar methods for other amino acids would permit the 
assay of several amino acids in the plasma of individual rats. 


mesenteroides P-60 with dilute standard solutions, samples and 
basal medium was set up with a total volume of 1 ml. After 
incubation for 40 hours bromthymol blue was added to each tube 
and the lactic acid produced in the assay was estimated color- 
imetrically from the colour change of the indicator. The co- 
efficient of variation of repeated assays was 9.4%. Ina 
series of 60 samples of rat plasma, good agreement was 

observed between this method and a conventional microtitri- 
netric assay; the latter method, however, required 10 times as 
much plasma as the colorimetric procedure. 


Nutrition 


EFFECT OF CARBOHYDRATES AND LYSINE SUPPLEMENTATION ON UTILIZA- 
TION OF DIETARY PROTEIN AND FAT DEPOSITION IN THE LIVER OF 
RTS, Yet- Chang* and Syamala Rajender,* (introd. by 
(, A. Storvick). Div. of Home Econ., Univ. of Wyo., Laramie. 
Weanling male rats were divided intc two series of six 
stuups each. Series 1 received the following caxoohydrates: 
taw potato starch, corn starch, sucrose, dextrin, glucose and 
tooked potato starch, using wheat gluten as the source of pro- 
tein. Series 2 used the same sources of carbohydrate and pro- 
tein as series 1 except that 0.7% of l-lysine was added to 
tach diet. Growth and food consumption were recorded.  Nitro- 
gen balance and lysine utilization were studied. Total fat 
and protein contents in the liver of rats were determined. 
lats fed raw or cooked potato starch utilized less dietary 
Protein and lysine than rats fed the other sources of carbo- 
lydrate. Lysine supplementation increased the growth response 
ind the protein content in the liver of rats regardless of the 
Sources of carbohydrate, Rats fed cooked potato starch or 
dextrin had a higher fat content in the liver than those fed 
‘orn starch and sucrose. The liver fat in the rats fed cooked 
potato starch or dextrin was reduced when 0.7% of lysine was 
included in the diets. 











A conventional type of microbiological assay using Leuconostoc 





Nutrition 


EFFECT OF THRECNINE DEFICIENCY ON PHOSPHORUS LEVELS IN TEE 
ALBINO RAT. Dorothy Arata*, Catherine Carroll*, and Dena 
Cederquist. Michigan State University, East Lansing, Michigan. 


Weanling albino rats were fed a diet composed of %° casein 
supplemented with methionine and tryptophan, but not with 
threonine. Control animals were fed the identical diet con- 
taining a supplement of 0.26% DL-threonine. Analyses were 
run at intervals over the six week experimental period. Livers 
taken from threonine deficient rats contained significantly 
higher concentraticns of fat than did those from the controls. 
Phospholipicis were determined in liver fats ether extracted 
from both groups. An inverse relationship was found between 
liver fat and phospholipid concentration in rats fed the 
threonine deficient diet. Liver homogenates from both groups 
of rats were differentially centrifuged into nuclear, mito- 
chondrial, and microsomal-cytoplasmic fractions. Inorganic 
and organic (not including labile) phosphorus levels were 
determined in each cell fraction. No quantitative differences 
were cbserved between croups, but significant changes were 
observed within each group. The most significant change 
occurred in the organic phosphorus levels in the Mitochondrial 
fractions, 

Supported in part by a grant from United States Air Force 
under Contract No. AF 49(657)276. 
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Biochemistry 


A NEW INTERMEDIATE OF METHIONINE BIOSYNTHESIS. 
Allan R. Larrabee* and John M. Buchanan, Div. of 
Biochemistry, Mass. Inst. of Technology, Cambridge 39. 
Methionine synthesis from N>,N!0-methylene folate-H, 
and homocysteing may take place in the presence of DPNH, 
FAD, ATP, Mg and two enzyme fractions isolated from E, 
coli (strain 113-3) grown on vitamin By, and methionine, ~ 
These enzymes have been designated as "205-2" enzyme and 
"By2" enzyme. When "205-2" enzyme is incubated with 
DPNH and N°, N10-methylene folate-H,, a product is formed 
which is stable to heating at 60° but not at 100°. In the pre- 
sence of ,"By2" enzyme, homocysteine, DPNH, FAD, ATP 
and Mg = methionine is formed from this intermediate and 
an equivalent amount of folate-H, is released, The interme- 
diate which may be isolated by chromatography on TEAE, is 
a folate compound containing a one-carbon, substituent which 
does aot react with dimedon as does the N”,N!0-methylene 
group of its precursor, N5,N -methylene folate-H,. This 
new folate derivative does not replace folate or folate-H, as 
a growth factor for either S, faecalis or L, citrovorum, 
respectively, and was found to yield approximatsly one mole 
of methyl group per mole of compound when analyzed by the 
method of Viebéck and Brecher (Ber. 63, 3207 (1930)). 








Biochemistry 


ENZYMIC REDUCTION OF G-AMINOADIFIC ACID (AAA) BY YEAST; RELA- 
TION TO LYSINE BIOSYNTHESIS. Harry P. Broquist, Russell L. 
Larson™, and William E. Sandine*. Univ. of Ill., Urbana, Ill. 
Resting cells of Saccharomyces cerevisiae form lysine when 
incubated under appropriate conditions with AAA. If o-amino- 
benzaldehyde (OAB) is added less lysine is formed and an or- 
ange colored compound (I) appears in proportion to AAA pre- 
sent. (I) is tentatively regarded as a di quinazolinium 
derivative formed by reaction of OAB with A'-piperideine-6- 
carboxylic acid (II). (II) could arise via reduction of AAA 
to G-aminoadipic semialdehyde which on ring closure would 
give (II). When AAA and OAB were incubated with a suitable 
cell free yeast extract, formation of (I) could be demonstrat- 
ed, and was dependent on ATP, Mn**, DPNH (TPNH), and free SH. 
These cofactor requirements may imply activation of AAA fol- 
lowed by reduction of activated intermediate. Compounds 
other than (II) that were considered as products of AAA me~ 
tabolism in the systems studied and possibly related to 
lysine biosynthesis were Al-piperideine-2-carboxylic acid 
(III) and pipecolic acid (IV). The OAB derivative of authen- 
tic (III) could be distinguished from (I) by paper chromatog- 
raphy. S. cerevisiae cells did not convert (III) or (Iv) to 
lysine, nor was (Iv) metabolized in the yeast enzyme system 
to a compound reacting with OAB. (Supported by USPH Grant 
A-3156. ) 











Biochemistry 
ASPARTYL SBMIQLDEHYDE AND DIAMINOPIMELIC ACID SYNTHESIS, 
Xaaumi Yuoari. and « New York University 
School of Medicine, New York, N. Y. 

Extracts prepared from the E, coli lysine requirer M-26-26 
are able to synthesize diaminopimelic acid utilizing aspartic 
acid as a source of 4 of the carbon atoms of diaminopimelic 
acid. A 45-60 ammonium sulfate fraction prepared from such 
extracts is unable to carry out the overall synthesis start- 
ing from aspartic acid unless it is supplemented with aspartyl 
kinase. However, the unsupplemented fraction will synthesize 
diaminopimelic acid if aspartyl semialdehyde is substituted 
for aspartic acid. This finding provides further evidence 
for regarding aspartyl semialdehyde as an intermediate in 
diaminopimelate synthesis. This role for aspartyl semialde- 
hyde had already been inferred from the observation that a 
mutant lacking the enzyme that converts aspartyl phosphate to 
aspartyl semialdehyde manifests a requirement for diaminopim- 
elate, methionine and threonine. The 45-60 ammonium sul fate 
fraction with aspartyl semialdehyde as a carbon source still 
has a requirement for TPNH, This indicates that in addition 
to the requirement for TPNH at the aspartyl phosphate to 
aspartyl semialdehyde step there is a second TPNH dependent 
reduction in diaminopimelate synthesis. 


Biochemistry 
BIOSYNTHESIS OF SELENO=COMPOUNDS FROM INORGANIC SELENIUM BY 
THE SHEEP. Irene Rosenfeld, University of Wyoming, Laramie, 
Wyoming. 

Studies on the substitution of selenium for sulfur indicate 
that the sheep can utilize the inorganic selenium for the 
synthesis of seleno=cystine, seleno-methionine, and seleno= 
taurine when inorganic Se!/? was given in subtoxic level for 
two months. Seleno=-cystine and methionine were isolated from 
wool hydrolysate by chemical method and purified by column 
chromatography (Buchanan, J. Biol. Chem., 229, 211 (1957)). 
Seleno=taurine was detected in taurocholic acid of the bile 
and separated on Celite column (Mosbach, et ale, Arch. Biochem. 
Biophys., 8, 95 (1954)). Radioautograph of wool indicate 
that the seT is distributed rather uniformly in individual 
wool fibers. Less than 10% of the Se! present in the rool is 
an integral part of the protein molecule. The interchange of 
selenium for sulfur in sulfur amino acids has been reported in 
monogastric animals, however, this is the first direct evi- 
dence that inorganic selenium ras used for the biosynthesis of 
seleno=amino acts by the rumen bacteria. The administration 
of inorganic Se!) to the rat failed to demonstrate the synthe=- 
sis of seleno=protein compounds in the hair. (Supported in 
part by a grant from AEG) 


Biochemistry 


BIOSYNTHESIS OF ASPARAGINE, Ali AlDawody* and J. E. 
Varner. The Ohio State University, Columbus, Ohio. 

An enzyme which catalyzes the formation of asparagine 
from aspartate, ammonia and ATP in the presence of Mg " 
has been extracted from bakers yeast and purified about 100- 
fold. The cells were broken by sonication and the enzyme 
purified by successive fractionation with ammonium sulfate, 
ethanol and DEAE-cellulose. In the early stages of the puri- 
fication the enzyme activity was followed by determining the 
conversion of aspartate-C!* to asparagine-C!*, The 100-fold 
purified enzyme was studied by measuring ammonia disap- 
pearance, Pi released and asparagine formed. The optimal 
pH of the reaction in THAM-HCl is pH 7.2. The purified 
enzyme is specific for L-aspartate and is inhibited by D- 
aspartate. There is no asparagine synthesized when am- 
monia is replaced by glutamine, The enzyme is inhibited by 
pCMB, but not by HCN or RNase. Stoichiometry indicates 
that the enzyme catalyzes the following reaction L-aspartate 
+ NH; + ATP L-asparagine + ADP + Pi,, The meas- 
ured equilibrium constant at pH 7.2 is 2.4.x 10°, The en- 
zyme catalyzes an aspartate-dependent exchange of Pi into 
ATP, 











Biochemistry 
STUDIES ON LYSINE BIOSYNTHESIS WITH MUTANT YEASTS 
James R. Mattoon* and Te A. Moshier*, Department of Chem 
istry, University of Nebraska, Lincoln, Nebraska. 

Nine lysine-requiring Saccharomyces Cerevisiae mutants 
have been studied to elucidate the biosynthetic pathway of 
lysine in yeast. From growth studies the mutants were classi. 
fied into two types: type I mutants, which grow on alpha- 
aminoadipic(AAA), and type II mutants, which do not grow on 
AAA. Type I mutants could also grow on N-succinyl-alpha- 
aminoadipic acidj alpha-ketoadipic acid supported growth, but 
only after a long lag period. Type II mtants accumulate m. 
terials which support growth of the type I mtants. The cul. 
ture filtrate from one type II mtant was fractionated using 
ion exchange chromatography on Dowex-l-formate, and two frac. 
tions which supported growth of type I mtants were obtained, 
Preliminary characterization studies on one of the fractions 
indicate that the active compound in this fraction is a de- 
rivative of AAA. This fraction gives a hydroxamic acid upon 
treatment with hydroxylamine, exhibits an absorption peak at 
260 m, and contains organic phosphate. 

(Supported by U.S.P.H.S. Grant RG5906. ) 








Biochemistry 

LYSINE SYNTHESIS AND BIOCHEMICAL EVOLUTION: 
DIAMINOPIMELIC DECARBOXYLASE IN HIGHER PLANTS, 
Yoshiro Shimura” and Henry J. Vogel. Institute of Micro- 
biology, Rutgers, The State University, New Brunswick, N.], 

Tracer studies of lysine synthesis have consistently in- 
dicated one path, via a-aminoadipic acid, in euglenids, high- 
er fungi, and certain phycomycete orders, and another path, 
via a, e-diaminopimelic acid (DAP), in other phycomycete 
orders, bacteria, green algae, and higher plants (Vogel, 
Proc. Natl. Acad. Sci. 45: 1717, 1959, and elsewhere). 
Enzymological evidence bearing on the latter organisms has 
now been obtained: cell-free extracts of healthy, aseptically 
germinated maize seedlings, on incubation (37°, pH 7) with 
meso-DAP and pyridoxal phosphate, yield L-lysine, recog- 
nized by "radioactive fingerprinting'' and the growth response 
of Escherichia coli mutant, ATCC 12408. L-DAP, in place 
of meso-DAP, permits (relatively slow) L-lysine formation, 
suggestive of DAP racemase in the extracts. meso-DAP 
decarboxylase is also extractable from aseptic cultures of 
Agave toumeyana leaf parenchyma tissue. The view of an 
evolutionary continuum including bacteria and higher plants 
(but not euglenids, higher fungi, and some groups of lower 
fungi) is thus strengthened. (Aided by NSF and ONR.) 




















Biochemistry 


N-(5'-PHOSPHORIBOS YL) ANTHRANILIC ACID, AN INTERMEDIATE IN 
TRYPTOPHAN BIOSYNTHESIS, Colin H, Doy*s1, P.2. Srinivasan, 
and Americo Rivera*, Harvard and Columbia Medical Schools. 

Tryptophan biosynthesis has been postulated by Yanofsky to 
involve the conversion of anthranilate (AA) + PRPP to N-(5!- 
phosphoribosyl) anthranilate (PRA). Since PRA is probably 
unstable a block immediately after it might cause accumlation 
of AA rather than PRA, Extracts of various AA-accumlating 
mutants of E, coli, A. aerogenes, and S. typhimurium were 
therefore studied for their ability to convert AA to PRA, 
Extracts of certain strains (Group II) markedly lowered the 
fluorescence of AA in the presence of PRPP, After some min- 
utes the fluorescence returned to the original spectrum and 
level, Further addition of PRPP again caused transient 
lowering of fluorescence. Restoration of fluorescence was 
accelerated by acid and slowed by alkali, These properties 
Suggested the formation of PRA. Extracts of other 4AA- 
accumtlating mutants (Group I) failed to change the fluores- 
cence, but mixed I and II extracts converted AA into indole- 
glyceroi-P and indole. These findings indivate that PRA is 
an intermediate in tryptophan biosynthesis; and the Group I 
mutants strengthen the evidence that AA is elso an inter- 
mediate. (lVisiting Fulbright and C.S.1I.R%.0. Res, Scholar 
(Australia) ), 
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Nutrition 


BIOLOGICAL DISTRIBUTION OF DIHYDROXY ACID 
DEHYDRASE AND VALINE BIOSYNTHESIS: Robert L. 
Wixom, Sara Kay Wade* and George B. Howell. * Dept. of 
Biochemistry, School of Medicine, Univ. of Ark., Little 
pock, Ark. 

The enzymatic dehydration of a, B-dihydroxyisovaleric 
seid to a-keto isovaleric acid is the next to last step in valine 
biosynthesis in Neurospora crassa, Escherichia coli and 
gaccharomyces cerevisiae [Wixom et al., J. Biol. Chem. 
735, 128 (1960)]. This dehydrase could not be detected in 
liver and kidney homogenates of 17 species in 5 vertebrate 
families. The enzyme was present in cell-free extracts of 
Tbacteria and 3 yeasts, each of which can grow on ammon- 
jym salts as the nitrogen source. The dehydrase was absent 
in5 bacteria which have a valine requirement. Parallel to 
finding the enzyme in Chlorella pyrenoidosa extracts was its 
distribution in 7 plant seedlings and leaves of 16 higher 
plants from 9 families. Further characteristics will be 
presented. As transaminases are ubiquitious in biological 
systems, detection of this dihydroxy acid dehydrase provides 
aclue on the widespread distribution of the established path- 
way of valine biosynthesis. 














Nutrition 


ADIHYDROXY ACID DEHYDRASE IN SPINACH EXTRACTS: 
Masao Kanamori*, Joyce Sherwood*, and James W. 
Blankenship*, Dept. of Biochemistry, School of Medicine, 
Univ. of Ark., Little Rock, Ark. 

The next to last step in the biosynthesis of valine in 
Saccharomyces cerevisiae is the dehydration of a, B- 
dthydroxyisovaleric acid to a-ketoisovaleric acid [Wixom et 
i,, J. Biol. Chem. 235, 128 (1960)]. This dihydroxy acid 
dehydrase has a widespread distribution in plant leaves. The 
dehydrase from spinach was soluble after 70, 000 x G centri- 
fugation, has an optimal pH of 7. 8-8. 2 in Tris or phosphate 
buffer, is activated by Mgtt or Mn**, and has been purified 
yw (NH4)2SO4 and DEAE cellulose fractionation. The keto 
acid product was stable under the assay conditions. The 
extract is devoid of fumarase and aconitase activity and does 
nt attack 3 B-hydroxy-a-amino acids. Of 12 a, 6-dihydroxy 
acids tested, only the substituted butyric, isovaleric, B- 
methyl-n-valeric and n-caproic acids were dehydrated to 
yield keto acids. These observations distinguish the above 
dehydrase from other known dehydrases. 
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Physiology 


EXPERIMENTAL IMMUNOALLERGIC MONOARTHRITIS IN RABBITS. 
GV. Teodoru. Isaac Albert Research Inst., Bklyn,N.Y. 

- Rabbits injected intra-articularly with 0.5 ml. 
luck Anti-Rabbit Kidney Serum (DARKS) twice weekly 
for 6 weeks developed a progressive irreversible 
tonoarthritis following a latent period averaging 
10 weeks. II. Rabbits injected with DARKS into the 
tight, and Normal Duck Serum (NDS) into the left 
stifle developed (10 weeks later) arthritis of the 
DARKS treated joint only. III. Rabbits injected 
intra-articularly with NDS only, did not develop 
arthritis. IV. Rabbits preconditioned with 0.9% 
saline drinking water developed irreversible mono- 
arthritis within 2 weeks following intra-articular 
injections of DARKS. V. Anti-duck-serum precipitins 
appearec in the blood of rabbits receiving either 
MARKS or NDS intra-articularly. In DARKS treated 
mimals the precipitin titer of the serum dis- 
appeared simultaneously with development of arth- 
titis suggesting exhaustion of circulating anti- 
bodies at the site of the affected joint. VI. Pre- 
immunized rabbits receiving 6 months later either 

or NDS intra-articularly, developed an 

accelerated mono-arthritis within the week follow- 

the intra-articular injection. 
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Physiology 


COAGULATED SPECIFIC COMPLEXES AS ADSORBENTS 
FOR ANTIGEN: COAGULATING AGENTS AND 
CONDITIONS. G. Bonar Sutherland (Dept. of Physiology & 
Pharmacology, University of Saskatchewan, Saskatoon, 
Canada). 

Six chemical reagents (out of 15 tried) were found to 
coagulate antibody or antigen-antibody complexes without 
destroying or masking all the combining sites on the anti- 
body. Such coagula can be used as specific adsorbents for 
antigens (Science, Vol. 132:1252-3,1960). The six reagents 
(aluminum chloride, chromic chloride, acetone, ethanol, 
hydrochloric acid, sulfuric acid) and heat have been studied 
under various conditions of concentration, temperature, and 
pH. The results suggest that the processes involved in 
coagulation do not necessarily parallel those involved in the 
destruction of the combining sites. (Supported by the U.S. 
Air Force Aerospace Medical Center (ATC) School of 
Aviation Medicine, under contract No. AF41(657)-320). 





Biochemistry 


EFFECT OF SALT AND pH ON THE RATE OF NEUTRALIZATION OF 
LUCIFERASE BY SPECIFIC ANTIBODY. F, I. Tsuji. Veterans Ai- 
ministration Hospital and Department of Biophysics, Univer - 
sity of Pittsburgh, Pittsburgh, Pa. 

The blue luminescence produced by the marine ostracod 
crustacean, Cypridina hilgendorfii, is due to the oxidation 
of luciferin, catalyzed by the enzyme luciferase. The enz;me 
is readily inactivated by antiserum obtained from rabbits ia- 
munized against luciferase, but not luciferin. Experiment: 
carried out at 25.0° C show that the enzyme is inhibited by 
one molecule of antibody acting non-competitively. In the 
pr of an concentration of antiserum or purified 
gamma globulin, 65-75% of the initial enzyme activity is 
inactivated according to pseudo-unimolecular kinetics, Th: 
rate of inactivation is markedly influenced by NaCl concen- 
tration, increasing approximately 270-fold over a 240-fold 
decrease in salt concentration. At low salt concentrations, 
the rate is optimum at around pH 5.4, but with increasing 
salt concentrations, the rate becomes insensitive to pH. 
The effect of NaCl and pH on the rate of inactivation is 
explained on the basis of electrostatic interaction between 
specific enzyme and antibody sites. (Supported in part by 
a grant from NIH.) 





Biochemistr; 
DETECTION OF THE ANTIGEN-ANTIBODY REACTION BY FLUORESCENCE PO- 
LARIZATION.+ W.B. Dandliker® and G.A. Feigen, Univ. of Miami, 
Miami, Fla. and Stanford Univ., Palo Alto, California. 

The use of fluorescence polarization(p) in connection with 
the antigen(G)-antibody(Ab) or Ab-haptene reaction follows im- 
plicitly from the work of peber|B-Jpot 145(1952)Jand of Steinér 
TNaval Med.Res. Inst;11,715(1952)]. While p is of special integ- 
est to reactions of Mivalent or non-precipitating Ab it can Se 
used to quantify the reaction between precipitating Ab and G cr 
haptene. Fabbits were immnized to FO[ovalbumin coupled to = 


orescein(F)] and the y-globulin fraction was prepared : 
resulting antiserun. nts of p and intensity( I) after 
adding normal globulin to F or FO gave results which were in 


all cases nearly the same as buffered saline was added. 
Easily measurable increases in p and decreases in I resulted 
when immune globulin was used. Low Ab concentrations were usu-~ 
ally necessary in the region of a pa to postpone the de- 
velopment of turbidity. itative treatments based upon ei- 
ther p or I data gave concordant results. Scatchard[Ann.N.Y. A- 
cad. Sci. , 51, 660( 199) Jplots showed pronounced curvature ica- 
ting poss a wide spectrum of association constants or 
interaction ‘ween binding sites. Our results demonstrate di- 
rectly the specific combination of Ab and G in solution without 
precipitate formation and 21s0 the union between Ab ani hentene 
Results bf a related method have been recently by Ve- 
lick et [Proc.Nat.Acad. Se1. ,46, 18'70( 1960 4s 

1. Supported in part by USPHS Grant A298h. 

2. Howard Hughes Medical Institute. 








Biochemistry 


INTERACTION OF BOVINE SERUM ALBUMIN AND ITS CHICKEN ANTIBODIES 
J. W. Williams and D. D. Donermeyer 
Department of Chemistry, University of Wisconsin 

Prior physical chemical studies.of the soluble complexes of 
the BSA-chicken anti-BSA antibody system have led to conclu- 
sions which are inconsistent with the results which have been 
obtained for rabbit and horse antibody systems, With the lat- 
ter sera electrophoresis and sedimentation velocity observa- 
tions lead clearly to the result that the valence of the pre- 
cipitating antibody is two; for the precipitation reaction of 
chicken antiserum it has been concluded "two electrophoreti- 
cally distinguishable types of antibody exist." However, it 
appears that a macroglobulin is occluded with the precipitates 
and with this information we have made allowance for its pres 
ence. It is non-specific in the aggregates. The earlier in- 
terpretation had relied almost exclusively upon electrophore- 
sis, but since the macroglobulin migrates with the mobility of 
the complex it was never resolved. On sedimentation analysis 
the situation is quite different; the macroglobulin is com 
pletely separated from the free antigen and complex. Using 
the conventional methods of analysis, the mole ratio of anti- 
gen to antibody now approaches the value two as the relative 
amount of antigen in the system is increased. The data are 
interpreted in terms of the Goldberg theory. (Supported by 
WARF and NIH Grants. ) 





Pathology 


COMPARATIVE STUDIES ON REACTIONS OF RABBIT ANTI- 
GUINEA PIG ERYTHROCYTE SERUM. Chang Ling Lee*, 
Israel Davidsohn, and Olga Panczyszyn*. Depts. Path., 
Chicago Medical School and Mount Sinai Hospital, Chicago, 
Il. 

Rabbit anti-guinea pig erythrocyte serums were studied 
for the following reactions with the homologous antigen: a) 
agglutination in saline and macromolecular media, coating 
as shown by fluorescein conjugated serums and by anti-rabbit 
globulin serums, hemolysis, phagocytosis, and precipitation 
with a saline extract of the erythrocytes, in vitro; and b) in- 
duction of cutaneous lesions and of anemia, in vivo. These 
reactions were studied comparatively with antiserums after 
repeated courses of immunization, with heated and absorbed 
antiserums and with their electrophoretic fractions. In gen- 
eral, results obtained were similar to what we reported 
previously in rabbit anti-mouse erythrocyte serums. (Fed. 
Proc., 19: 196, 1960; Nature, 187: 157, 1960). In addition, 
different serums which produced similar cutaneous lesions, 
varied greatly in their anemia producing ability. (Supported 
in part by grant A-3243 of the National Institutes of Health, 
and by the Carl Howard Litvin Fellowship. ) 








Pathology 


IN VITRO DEMONSTRATION OF ABLASTIN ANTIBODY TO TRYPANOSOMA 
TEWISI. Philip A. D'Alesandro* The Rockefeller Institute, 
New York 21, WN. Y. 

The reproduction-inhibiting effects of ablastin have been 
demonstrable thus far only in vivo, and the antibody, unlike 
the trypanocidal antibodies, is not removed from immme serum 
by adsorption with living parasites. Using a medium composed 
of Hanks' balanced salt solution, rat serum, lactalbumin hy- 
drolysate and yeast extract, the parasites can be grown for a 
limited time at 37°C. Starting with a medium containing nor- 
mal rat serum and inoculated with adult (inhibited) trypano- 
somes from infected rat blood, 50% or more of the parasites 
are in various stages of division after incubation overnight. 
Under similar conditions with ablastic rat serum, the para- 
sites do not reproduce but remain as adults. If media are 
inoculated with reproducing trypanosomes from the blood, para- 
sites in the presence of normal serum continue to reproduce, 
whereas those exposed to ablastin are almost completely con- 
verted to adult, non-reproducing forms. Similar results are 
obtained when the imme sera used are first adsorbed with 
living parasites to remove all trypanocidal antibodies. 
Ablastin has no effect on parasites grown on blood agar at 
room temperature. This suggests that basic antigenic differ- 
ences exist between blood-stream forms at 37°C. and culture 
forms at room temperature. 
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Pathology 
INFLUENCE OF ABDOMINAL RADIATION ON RESPONSE OF RABBITS 10 
NEPHROTOXIC SERUM. P.N. Smith* B.L. Walker? and J-G- Brunsoa, 
Univ. Miss. Medical Center, Jackson, Mississippi. 

Rabbits were given an intravenous injection of 2 ml. of 
nephrotoxic serum in conjunction with a single abdominal ex. 
posure to radiation from a cobalt 60 source. Radiation was 
given in depth doses of 570 +, 1140 r, or 2280 ¥ simultaneoy. 
ly with, or 18 or 36 hours before or after serum administra. 
tion. The animals were killed 7 days after seriwn injection, 
Microscopically, the kidneys from control animals given only 
serum showed diffuse proliferative glomerulonephritis, but no 
changes were observed in those given radiatioa alone. Prolif. 
erative glomerular lesions were present in kidneys from groups 
given the three doses of radiation 18 hours before or after 
serum, 570 r or 1140 r simultaneously with serum, or 570 r 3% 
hours prior to serum. Minimal, scattered glomerular lesions 
were present in the group givea 1140 x 36 hours prior to serm 
and only 1 of 19 animals given 2280 r 36 hours before serum 
showed proliferative glomerular lesions. The results suggest 
that localized abdominal radiation prevents the development 
of experimental serun nephritis possibly by inhibiting the 
development of antibodies, or by preventing localization of 
the injected renal antibody in glomerular capillary membranes, 
(Supported by AEC Contract) 








Pathology 
STUDIES ON A HEAT LABILE MATERIAL WHICH INFLUENCES THE REAC~ 
TION BETWEEN INSULIN AND ANTIBODY IN AN INSULIN RESISTANT 
PATIENT. Arquilla, E. R., Tranquada, R. E.*, Beigelman, P, ¥, 
and Martin, H. E.* University of Southern California School 
of Medicine, Los Angeles, California. 

Antibody titrations, by the BDB hemagglutination tech- 
nique, and insulin neutralizing activity, with the isolated 
rat diaphragm and isolated rat epididymal fat pad, of whole 
serum, whole heated (56°C for 30 min.) serum and the gama 
globulin fraction of both were studied, Hemagglutination of 
insulin sensitized O- human erythrocytes and inhibition of 
hemagglutination was demonstrable with whole serum, whole 
heated serum, and heated gamma globulin. Hemagglutination 
was also demonstrable with nonheated gamma globulin; however, 
inhibition of hemagglutination with insulin using the nonheatal 
gamma globulin fraction could be demonstrated only to a mini- 
mal degree with the use of inordinately large quantities of 
insulin. Insulin action on the isolated rat diaphragm was 
neutralized by heated gamma globulin; whereas, only partial 
neutralization of insulin action on the isolated rat dia- 
phragm was noted with nonheated gamma globulin. This par- 
tial neutralization was noted at varying levels of insulin, 
Neutralization of insulin action in a similar manner was also 
noted with the use of the isolated rat epididymal fat pad, 


Pathology 


ELECTRON MICROSCOPIC STUDIES OF ANTIGEN-ANTIBODY COMPLEX. 
Howard C. Hopps, Alfonso J. Strano*, Robert A. Turner*, and 
Hl. Redetzki. Univ. Texas Med. Br., Galveston, Texas. 

Crystalline bovine albumin was labelled with stable iodine 
by oxidation of free sulfhydryl groups and conversion of 
tyrosyl residues to di-iodide derivatives so that the prep- 
aration contained approximately 36 atoms of I per mole of 
albumin. Crystalline bovine albumin was also labelled with 
uranium using U0j(NO,)2, the sites of attachment and the 
extent of labelling being undetermined. ‘These modified 
albumins were used as antigens in reactions with rabbit 
antiserum prepared against unmodified crystalline bovine 
albumin. Antigen-antibody precipitate occurring in solution 
and in agar medium (Ouchterloney technique), at optimal 
proportions and in regions of antigen excess and antibody 
excess, have been observed by electron microscopy. Electron 
micrographs will be presented. 
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Pathology 


s0ME PROPERTIES OF COLON ANTIBODIES IN ULCERA- 
TIVE COLITIS. Elazar Bregman* and Joseph B. Kirsner* 
Department of Medicine, University of Chicago, Chicago, 
[linois. 

The following methods: hemagglutination, latex globu- 
lin agglutination, double agar-gel diffusion, immunoelectro- 
phoresis, antiglobulin consumption, coating of tanned RBC 
at room temperature and agglutination on subsequent addi- 
tion of antiglobulin serum, paper electrophoresis, retention 
chromatography, have demonstrated that sera of patients 
with ulcerative colitis contain antibodies against colon mu- 
cosa. The AB are incomplete, multiple, thermolabile and 
are mostly in the alpha and gamma fractions. The AB con- 
taining sera have different electrophoretic and chromato- 
graphic mobilities from normal. The titre is 1:64-1:132. 
Slightly acid medium and low temperature are preferred. 
Presence of cold agglutinins is excluded. Certain chemical 
and physical treatment inactivate the AB. No significant 
changes can be demonstrated by ultracentrifugation. Ulcer- 
ative colitis sera contain auto as well as heteroantibodies. 
(Supported by a grant from National Institutes of Health). 











Pathology 


ANTIGENIC SPECIFICITY OF COLON MUCOSA, * and 
Hlazar Bregman*, Department of Medicine, University of 
Chicago, Chicago, Illinois. 

Tne immunologic response of experimental animals to colon 
meosa is tissue and species specific. Only colon mucosa is 
the source of the immunologic reactions in ulcerative colitis. 
The colon muscle extracts contain cross reacting elements. The 
meosa saline extracts contain protein (0.3%), free amino 
acids, short chain peptides and lipids. The proteins are in 
the gamma globulin area and appear as single spots on chromat- 
grams with phosphate solvents 6.4-7.2. The involved anti- 
genic factor seems to be of acid nature. 
certain intestinal bacteria may be involved in the formation 
of the antigenic complex with the colon mucosa. Peptic and 
acid digest of colon mucosa (tryptic) contain antigenic re- 
actants. 

The methods used to demonstrate the antigenic reactivity 
of the colon mucosa, were: hemagglutination, latex globulin 
agglutination, double agar-gel diffusion, immmoelectrophor- 
esis, antiglobulin consumption, paperelectrophoresis, reten- 
tim chromatography. (Supported by a grant from National 
Institutes of Health). 








Immunology 


EFFECT OF PROLONGED IMMUNIZATION ON IN VITRO AND IN VIVO 
PROPERTIES OF RABBIT ANTI-MOUSE ERYTHROCYTE SERUM. IT. Israel 
Davidsohn, Chang Ling Lee+ and Nena Min*. Depts. Path., Chi- 
cago Medical School and Mount Sinai Hospital, Chicago, Ill. 

We reported last year that when injection of mouse erythro- 
cytes into rabbits was continued beyond 3 or courses, the 
antiserums maintained their agglutinin and hemolysin titers 
but lost most of their anemia producing ability. We have 
found since that the antiserums maintained similar patterns 
when injections were continued for up to 15 courses and upon 
te-immunization after 1 to 3 month intervals. However, when 
the immunization was repeated after an interval of 6 months, 
the antiserum again produced severe anemia after only one 
course of injection but became ineffective after the second 
course. Incomplete antibody titers determined in macromole- 
cular media, with papain treated erythrocytes and with anti- 
rabbit globulin serums ran parallel with the agglutinin and 
hemolysin titers. The behavior of the precipitates demonstra- 
ted with saline extracts of mouse erythrocytes paralleled the 
other in vitro antibody reactions. Similar findings were ob- 
served in two different strains of inbred mice. (Supported in 
part by grant A-32)3 of the National Institutes of Health, 
and by the Carl Howard Litvin Fellowship. } 
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CHARACTERIZATION OF ANTIBODIES TO PENICILLIN. Alan S. 
Josephson and Edward C. Franklin. Dept. of Medicine, New 
York University School of Medicine, New York, New York. 
Agglutinating antibodies for penicillin coated red cells 
occur in humans and rabbits. The rabbit antisera, even when 
highly dilute, were found to induce passive cutaneous ana- 
phylaxis in guinea pig skin. The challenging antigen was 
made by incubating penicillin with normal serum fractions and 
dialyzing out the free penicillin. Reactions were also 
obtained with several less dilute human sera. Prior injection 
of penicillin or penicilloic acid inhibited these reactions. 
Electrophoretic studies revealed that the skin sensitizing 
antibodies migrated throughout the gamma globulin, while 
the agglutinating antibodies traveled primarily in the 
region of the fast gamma globulins. Density gradient 
centrifugation showed the agglutinating antibodies to be 
associated with the rapidly sedimenting 19S fraction, while 
the skin sensitizing antibodies sedimented with the main 7S 
fraction. Treatment with 2-Mercaptoethanol destroyed the 
agglutinating capacity, but left the skin sensitizing 
titer unchanged. Agar diffusion studies demonstrated two 
precipitation lines between the whole serum and the penicillin 
-globulin complex. The line closest to the antibody was not 
formed if the sera were first treated with 2-Mercaptoethanol. 


Immunology 


THE MECHANISM OF THE BDB HEMAGGLUTINATION TECHNIQUE. L.Gyenes* 
and A.H. Sehon, Chemistry Dept., McGill U., Montreal, Canada. 
The bis-diazotized benzidine hemagglutination reaction as 
used for the detection of non-precipitating antibodies in all- 
ergic sera was considered to be due to the presence of divalert 
antibodies. In the present study the validity of this hypo- 
thesis was tested. Univalent antibody fragments were prepared 
by digesting both precipitating and non-precipitating anti- 
bodies with papain. Whilst the hemagglutination titers of pre- 
cipitating rabbit antisera to BSA and ragweed extract, and of 
human sera from non-treated allergic individuals and from vol- 
unteers immunized with ragweed were 30,000, 50,000, 1,000 and 
20,000, respectively, the corresponding sera after digestion 
did not give any hemagglutination. The sera after digestion 
were shown to inhibit the hemagglutination reaction with the 
original antisera. Using this procedure in cross-inhibition 
experiments it was shown that the bulk of the antibodies to 
ragweed pollen in rabbit and human sera were directed against 
the same antigenic determinant(s). Skin-sensitizing activity 
of allergic sera was also destroyed during digestion, though 
at a lower rate than the decrease in hemagglutination titer. 
These results demonstrate that hemagglutinating antibodies are 
divalent and that on digestion the reaginic site of the skin- 
sensitizing antibody becomes detached from the portion of the 
antibody molecule capable of combining with the allergen(s). 


Immunology 


IMMUNOCHEMICAL CHARACTERIZATION OF THE DNA IMMUNE SYSTEM IN 
LUPUS ERYTHEMATOSUS SERUM. David Stollar* and Lawrence 
Levine, Grad, Dept. of Biochem., Brandeis Univ.,Waltham,Mass,. 
Quantitative C' fixation techniques have been applied 
to the study of antibodies to DNA in the serum of a patient 
with systemic lupus erythematosus, In all of the 36 DNA 
preparations from mammalian, bacterial and fungal sources, 
thermally denatured DNA was more effective serologically 
than native DNA. Quantitative differences between DNA pre- 
parations from the various sources were observed; whether 
these differences reflect unique antigenic determinants or 
physical variations is under investigation, It has been 
possible to correlate temperature profiles as measured im- 
munologically and physically, and to follow the kinetics of 
renaturation of thermally denatured DNA, DNA, digested 
with DNase or treated by sonic oscillation, lost its capa- 
city to fix C' with anti-DNA but reacted with the anti-DNA, 
as measured by inhibition, 





Immunology 


EFFECT OF pH ON DISSOCIATION OF PROTEIN ANTIGEN-ANTI- 
BODY COMPLEXES. Yasuo Yagi. Roswell 
Park Memorial Institute, Buffalo, N.Y. 

The ribonuclease-antiribonuclease system was studied with 
respect to the effect of pH on the dissociation of antigen-anti- 
body complexes. The specific precipitate was dissolvedat the 
proper pH and the presence of complexes was determined by 
passing through "SEPHADEX G-75" (cross-linked dextran) col- 
umns and measuring the entrainment of antigen (1131-1abeled) 
in the globulin peak. The extent of dissociation increased with 
the decrease or increase of pH from neutrality. Although spe- 
cific precipitates were soluble at pH 10. Sand 4 there was very 
appreciable combination at these pH values. Indeed, evidence 
for appreciable complexing was obtained even at pH 1. 6. 

Similar results were obtained with the insulin-antiinsulin 
system. The studies were made with these antigens since 
they are small enough to penetrate the "SEPHADEX" granules. 


Immunology 


STUDIES ON ANTIGENIC CONSTITUENTS OF BLOOD PLATELETS, 

Fred Gorstein,* Chao Pan,* and Peter Miescher*, New York 
University School of Medicine and Bellevue Hospital, New York, 
N.Y. 

An antihuman platelet antiserum was prepared by immuni- 
zing rabbits with thoroughly washed human platelets. The 
rabbit immune serum was used after absorption with human 
red cells. Antiplatelet activity was investigated with 
respect to its reaction against whole platelets; namely 
platelet agglutination, clot retraction and thromboplastin 
generation. The role of certain platelet constituents, lipo- 
protein, contractile protein and fibrinogen, were studied. 
All reagents used in the assays were of human origin. It 
was shown that this antiplatelet serum not only agglutinated 
platelets and inhibited clot retraction, but also impaired 
the first stage of coagulation as manifest in the thrombo- 
plastin generation test. The contamination of platelets 
with fibrinogen played little importance in these immune 
reactions. If the lipoprotein derived from platelets and 
red cells (as described by Shinowara) was added to the rabbit 
serum, inhibition of thromboplastin generation was largely 
prevented, Inhibition of clot retraction due to the action of 
antiplatelet serum could be abolished by the prior addition 
of platelet contractile protein to the antiserum. 


Immunology 


VASCULAR LOCALIZATION OF SOLUBLE ANTIGEN-ANTIBODY 
COMPLEXES INJECTED INTRAVENOUSLY. C. G. Cochrane? Univ. 
of Pgh. School of Med., Pittsburgh, Pennsylvania. 

Studies were undertaken regarding the mechanisms in the in vivo 
localization of soluble complexes. As an experimental model, guinea 
pigs undergoing passive anaphylaxis were injected |.V. with soluble 
Ag-Ab complexes. By fluorescence microscopy the complexes could be 
found localized in the walls of small peribronchial vessels. At all times 
localization was found only in such vessels and not in vessels elsewhere 
in the lung. This corresponded to areas of the lung where concentrations 
of mast cells are found and to sites where edema is produced during 
anaphylaxis. Antihistamine prevented not only the anaphylaxis but 
also edema formation and localization of complexes, suggesting a role 
of histamine or a like substance in the localization. Using |.V. hista- 
mine as anaphylactic agent, localization of both complexes and 500 y 
purified carbon occurred in the same peribronchial vessels where in- 
creased permeability and edema took place but not in other vessels 
equally exposed to the histamine. The carbon was frequently seen 
microscopically to lie along the outer surface of the endothelial cells or 
the basement membrane. These observations suggest that aggregates 
such as soluble Ag-Ab compl or carbon lodge in vessel walls, ex- 
hibiting increased permeability. (Supported by a grant from USPHS.) 
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SPECIFIC BINDING oF 1/3! LABELED RAGWEED POLLEN EXTRACT By 
HUMAN AND RABBIT ANTISERA. David Lidd,* and Richard S. Farr, 
Univ. of Pittsburgh, School of Medicine. > 

Ragweed pollen extract was fractionated with 50% saturate 
ammonium sulfate (SAS) and the supernatant labeled with 1131, 
When 0.047 N of this heterogeneous mixture (I*RW) was incu. 
bated with normal human or rabbit sera, approximately 10% was 
nonspecifically precipitated with the globulins in the preg. 
ence of 40% SAS. In contrast, after incubation with sere fim 
humans or rabbits immunized with ragweed extract, 40-60% of 
the I*RW was precipitated in 40% SAS. Lesser degrees of ine 
creased precipitation of I*RW extract, presumably as I*Rw- 
globulin complexes, were demonstrated with as little as 0.5 
ml of 1:10,000 rabbit or 1:400 human antiserum. That the 
increased I*RW in the precipitate was due to binding by spec. 
ific antibody rather than nonspecific coprecipitation was 
evidenced by: a) high titer rabbit antisera against bovine 
albumin, bovine globulin, human globulin, and Type 12 strep. 
tococci precipitated no more I*RW than did normal rabbit ser. 
um, b) excess unlabeled ragweed antigens completely inhibited 
the binding of I*RW by human or rabbit antiragweed sera, and 
c) apparently unrelated antigens did not inhibit the reaction, 
Partial cross-reactivity was demonstrated with antigens pre- 
pared from other weed, grass, and tree pollens. 


Immunology 


STUDIES ON CYTOLYSIS: IMMUNOLOGICAL ASPECTS OF CARCINOLYTIC 
AGENTS. Robert Willheim, Benedict B. O'Malley* and Louis 

zzotto*, Institute of Applied Biology and Fairleigh 
Dickinson University, Teaneck, New Jersey. 


When certain cytolytic agents such as long 
chaim fatty acids, Nicotinic acid and Prochlor- 
perazine, were administered subcutaneously to 
ascites tumors in mice, there was affected a 
distinct preventative and therapeutic response 
(in such animals). 

The therapeutic index increased as the inter- 
val between the time of innoculation and the ini- 
tiation of therapy was extended. Thus a directly 
proportional relationship was noted having an 
optimum response when therapy begins on the fourth 
day post innoculation. These results indicated 
the possibility of an antigen-antibody reaction, 
besides a direct oncolytic one. 

This hypothesis is supported from negative 
therapeutic results in those animals whose in- 
munological dynamic processes were inhibited by 
exposure to radiation and administration of 
cortisone prior to tumor innoculation and thera- 
peutic measures, 


Immunology 


Further Studies on Antigenic Action of Cancer 
Cells in Carcinolysis. Marianne Sorter#, Paul 
Fluss*, Benedict B. O'Malley* and William Malay, 
Tnstitute of Applied Biology and Fairleigh 
Dickinson University, Teaneck, New Jersey. 


Prompted by the results presented in the 
previous paper concerning the probability of 
antigenic action of cancer cells in the process 
of destruction of ascites tumors by certain 
carcinolytic agents, analogous experiments have 
been conducted utilizing cancer cells previously 
exposed to the action of certain carcinolytic 









substances. 





A detailed investigation of the above has 
been carried out. Interesting results with the 
use of various oncolytic agents alone and in 
combination with oncolytic-inhibiting substances 
(nucleotides, ASMP and sugars) are presented and 
illustrated with histochemical preparations. 
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Immunology 


ELECTRON MICROSCOPIC LOCALIZATION OF VIRAL 
ANTIGEN BY MEANS OF FERRITIN- CONJUGATED ANTI- 
BODY. C. Morgan, R.A. Rifkind, * K.C. Hsu, * M. Holden, * 
A.W. Knox and H.M. Rose. Departments of Microbiology 
and Medicine, College of Physicians and Surgeons, Columbia 
University. 

HeLa cells infected with vaccinia virus were fixed in 
calcium formol, frozen, and sectioned at 4-10 p» in a cryo- 
stat. The sections were thawed in a solution of ferritin- 
conjugated antibody globulin (Singer, Nature 183: 1523, 

1959), washed, centrifuged into a pellet, fixed in osmium 
tetroxide, dehydrated, embedded, and re-sectioned for 
electron microscopy. Viral structure was adequately pre- 
served. Ferritin was attached to the peripheral membrane 
of intracellular virus at early and late stages of viral 
development. Although results of blocking experiments with 
unconjugated antisera have been inconclusive, ferritin did 
not localize on the virus when ferritin alone or ferritin 
conjugated with other antibody globulins was used. 








Immunology 


(ELL STRUCTURE OF DIFFERENTIATED TUMORS. V. Buonossisi* and 
¢. Sato.* Grad, Dept. of Biochemistry, Brandeis University, 
Waltham, Mass, 

Suspensions of cells derived from a functional adrenal 
cortex tumor are treated with antiserum before inoculation 
into tissue culture medium and injection into mice, Treatment 
with antiserum against normal mouse adrenal gland (absorbed 
with other tissues to remove crossreacting antibodies) inhi- 
bits tumor formation in mice, but has no effect on the abil- 
ity of such suspensions to produce growth in tissue culture, 
Treatment with antiserum against mouse-derived tissue cultures 
(absorbed with normal adrenal gland to remove antibodies reac- 
tive with normal adrenal) prevents subsequent growth of these 
suspensions in tissue culture while leaving the tumor forming 
ability unimpaired, Tumor inocula which have been incubated 
in culture media for a few days give rise to tumors which 
develop much more slowly than tumors caused by freshly ob- 
tained inocula, Parallel results are obtained with pituitary 
tumors which produce ACTH. The significance of these results 
with regard to the culture of differentiated mammalian cells 
and functional tumors will be discussed, 


Immunology 


ASSAY OF NORMAL ANTIBODY AND C' BY COLIPHAGE NEUTRALIZATION. 
A. J. Toussaint* and L. H. Muschel. VA Central Lab. for Clin. 
Path. and Research end Dept. of Serology, Walter Reed Army 
Institute of Research, Washington, D. C. 

The phage neutralizing activity (PNA) assay of normal man- 
mlian serum described by Barlow (J. Immmol., 80:349, 1958) 
Masures total serum activity. Individual serum components re- 
qired for PNA, which include normal antibody (NAb) and C' 
(Toussaint and Muschel, Nature, 183:1825, 1959) are not deter- 
mined by measurement of serum activity since neither 
component may be entirely limiting. A method was 
Which measures the two serum components separately. It re- 
Qires 3 essential steps: (1) sensitization of phage with NAb, 
2) dilution of inhibitory substances in the NAb source, and 
3) action of C' to effect the veutralization. In developing 
this procedure, it was found that NAb is capable of combining 
vith phage in the absence of C', but phage particles sensi- 
tized by NAb are not neutralized until subjected to C'. Other 
Tesults have indicated that NAb activity is unaffected by 
heating for 1 hr. at 56°C so that loss of PNA by heat inacti- 
vation of serum is related entirely to the thermal instability 
ofC', The inhibition of PNA serum by endotoxin was also stud 
fed. In the presence of endotoxin, phage is sensitized by NAb, 
but C' is inactivated. Finally, NAb and C' from different 
mimeal species showed varying degrees of compatibility. 
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THE BACTERICIDAL REACTIONS OF ANTI-O AND ANTI-Vi AGAINST 
SALMONELLA TYPHOSA. E. Osawa.* Dept. of Serology, Division 
of Communicable Disease and Immmology, Walter Reed Army 
Institute of Research, Washington, D. C. 

The immunogenic activities of S. typhosa antigens were stud- 
ied by assaying the bactericidal. reactions of their correspond- 
ing antibodies with c'. The test organism was the relatively 
highly virulent, V form of S. +t; sa Tye. It was clumped by 
anti-H but otherwise apparen re ry- On the other hand, 
both anti-O (S. typhosa 0901) and anti-vi (8. typhosa Ty 68), 
singly or in combination, exerted a marked rici effect. 
The slope of the response curve, however, was considerably 
greater with enti-Vi than with anti-0. The relative contribu- 
tions of anti-Vi and anti-O to the bactericidal reaction were 
then determined with both rabbit antisera to living V form 
Ss. t sa Ty2 and human antisera obtained after immmization 
with k vaccines of the same strain. Such sera contain 
both anti-Vi and anti-0, but their bactericidal activity re- 
flects predominantly the anti-O0 content. This result is pro- 
duced by the depression of the slope of the anti-Vi response 
by anti-O and the relatively low titers of the anti-Vi re- 
sponse. The implication which emerges is that vaccines with 
greater Vi antigenicity might be advantageous. 
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Immunology 


SEROLOGICAL ANALYSIS OF PHYLOGENETIC RELATIONSHIPS IN 
PROTOZOA. MORTON PADNOS* AND NoRMAN MoLomuT WALDEMAR 
MEDICAL RESEARCH FOUNDATION, PORT WASHINGTON, New York 

RABBIT ANTIGERA TO ANTIGENIC COMPONENTS OF THE VEGETATIVE 
AND CYST STAGE OF A PROTOZOAN, COLPODA MAUPABI, REVEAL THAT 
BOTH STAGES POSSESS ANTIGENS IN COMMON, WHILE THE CYST STAGE 
CONTAINS, AN ANTIGEN NOT PRESENT IN THE VEGETATIVE FORM. 
ACTIVITY TESTS ON LIVE VEGETATIVE ORGANIGMS SNOICATE THAT 
ANTIBODY TO THE COMMON ANTIGENIC COMPONENT HAS IMMOBILIZING 
AND AGGLUTINATING ACTIVITY WHILE ANTIBODY TO THE CYST 
COMPONENT PRODUCES LYSIS. IMMOBILIZING AND AGGLUTINATING 
ANTIBODY ARE ESSENTIALLY SPECIES SPECIFIC WHILE THE LYTIC 
ANTIBODY CROSSES GENERIC AND CLASS BOUNDARIES LYSING CILIATES 
AND AMOEBAE BUT HAVING NO EFFECT ON FLAGELLATES. IT 18 
BELIEVED THAT THE LYTIC ANTIBODY DERIVED FROM THE CYST, 18 DUE 
TO A HAPTENE=LIKE COMPONENT IN THE VEGETATIVE STAGE. IT 18 
SUGGESTED THAT THIS COMPONENT 18 PRESENT IN OTHER ENCYSTING 
AND NON@ENCYSTING PROTOZOA AND MAY SERVE AS A PHYLOGENETIC 
CHARACTERISTIC FOR DISTINGUISHING THOSE FORMS POSSESSING A 
COMMON BIOCHEMICAL PATHWAY IN CELL WALL OR CYST MEMBRANE 
SYNTHESI 8. 
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POLAROGRAPHIC DETERMINATION OF THE EQUILIBRIUM AND LIMITING 
RATE CONSTANTS OF ANTIBODY-HAPTEN REACTIONS. A.H. se and 
H. Schneider*, Chemistry Dept., McGill U., Montreal, 

In order to study the extent and the rate of antibody- 
hapten reactions, a sensitive cathode-ray polarograph was 
built for the determination of micromolar concentrations of 
reducible haptens within intervals of 1 second. Rabbit anti- 
bodies were produced to p-(p'-azophenylazo)-benzene arsonic 
acid-BGG conjugates and were isolated in the y-globulin frac- 
tion by precipitation with sodium sulfate. Using a range of 
concentrations of p-(p'-aminophenylazo)-benzene arsonic acid 
as the hapten, it was shown that its reaction with the anti- 
body was over within the time of mixing which was less than 2 
seage From such data an intrinsic equilibrium constant of 
~10? 1/mole was calculated for this reaction. To study the 
rate of dissociation of the above. antibody-hapten complexes, 
an excess of the competing, non-reducible hapten, benzene arso 
nic acid, was added. It was shown that the dissociation reac- 
tion was also over within 2 secs. om these results limiting 
values of 105 1/mole/sec and 1 sec™* were calculated for the 
rate constants of the forward and reverse steps of the anti- 
body-hapten reaction, respectively. Experimental details and 
the effects of the dielectric constant of the medium, ionic 
strength, pH and temperature on the extent of the reaction 
will be reported. (Su rted by N.I.A.I.D., N.I.H., Bethesda, 
Md. and N.R.C., Canada). 
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THE LOCALIZATION OF GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE 
IN ROACH MUSCLE BY STAINING WITH FLUORESCENT ANTIBODY. E. W. 
Emmart and S.S. Spicer*. Natl. Insts. of Health, Bethesda, Md. 

Recent studies on fractions of tissue homogenates: have 
demonstrated the presence of glyceraldehyde-3-phosphate dehy- 
drogenase (GAPD) in the thoracic and leg muscles of insects. 
Considerable difference in opinion exists as to whether or not 
this enzyme is located within the mitochondrie or is dispersed 
within the sarcoplasm. Since the use of homogenates does not 
give information as to the location of the enzyme in relation 
to the intact myofibril, the Coons fluorescent antibody tech- 
nique has been used to localize the enzyme. Guinea pigs have 
been injected with GAPD isolated from rabbit muscle and five 
times cecrystallized. The course of antibody development was 
followed by increase in per cent protein of the gamma globulin 
and by precipitin reaction in solution and in agar. The enzyme 
has been identified and localized in the mitochondria of the 
freshly teased muscle fibers of: the wing and leg muscles by 
binding the enzyme with specific fluorescent antibody solution. 
GAPD has been found to be intimately associated with the mito- 
chondria of the isotropic or I band. The large mitochondria 
dispersed linearly between the myofibrils also stain positively 
but with less intensity. The localization of these mitochondria 
in relation to the I and A bands of the myofibril has been de- 
termined by histochemical staining as well as by the staining 
of the myofibril with fluorescent antimyosin globulin. 
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A STUDY OF MUCINS IN TISSUE SECTIONS USING THE 
FLUORESCENT ANTIBODY TECHNIQUE. |. The Prepara- 
tion and Specificity of Bovine Submaxillary Gland 
Mucin Antibody. Sidney P. Kent. Univ. of Ala. 
Med. Center, Birmingham, Ala. 

Mucin was extracted from bovine submaxillary 
— and purified using a modification of the 
evag procedure. Antibodies to the mucin were 
produced in rabbits. The antibodies were labeled 
with fluorescein isothiocyanate and used to demon- 
strate bovine submaxillary gland mucin in routine 
paraffin sections of formalin-fixed tissues. The 
fluorescent labeled antibody did not react with 
the submaxillary gland of the pig, dog, mouse, rat, 
rabbit and human or with other mucin containing 
organs of cattle. This indicated that the anti- 
bodies are organ specific as well as species 
specific. The results of the study also suggest 
that epithelial mucins from other tissues may also 
stimulate antibodies with high specificity. This 
possibility is being explored. (Supported in part 
by USPH grant #-3188.) 





Immunology 


An Immuno-cytochemical Study of Vaccinia Virus Infected 
HeLa Cells. Philip C. Loh* and John L. Riggs*. Virus Lab. 
University of Michigan, Ann Arbor, Michigan. 

Virus-induced alterations in vaccinia virus-infected HeLa 
cells have been followed by immunofluorescence and 
cytochemical techniques. Ina single growth cycle of the 
virus, infected cells show an early increase in RNA content, 
followed by appearance of centers of viral DNA syntheses at 
about the 4th hr. p.i. (post-infection). With the 
immunofluorescent technique, it was found that the Ls-protein 
of the virus can be detected as early as 2 hrs. p.i. This is 
followed at 5-6 hrs. p.i. by the appearance of the NP-antigen. 
With the use of two different fluorescing dyes, the centers of 
syntheses of these two antigens can be differentiated. Both 
antigens are found only in the cytoplasm and precede the 
appearance of the infective particle. The HA-antigen, which 





is a non-essential part of the virus, is not seen until about 10 
hrs. p.i.; i.e., several hours after the appearance of both 

the LS- and NP-antigens, and after the appearance of mature 
(Supported by a grant from the National Foundation. ) 


virus. 
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Immunology 


ELECTRON MICROSCOPIC LOCALIZATION OF FERRITIN-LABELLED ANTI. 
BODY IN ASCITES TUMOR CELLS. J. Easton*, B. Goldberg, and 
H. Green. New York Univ. Sch. of Med, N.Y. 

Gamma globulin from rabbits immunized against Krebs mouse 
ascites tumor cells was coupled to ferritin by the method of 
Singer. A suspension of the cells was incubated with the 
labelled antibody, and ultrathin sections of the fixed and 
embedded cells were examined in the electron microscope, 
Antigen-antibody complexing on the cell surface was indicated 
by an array of ferritin molecules along the cell membrane, 
particularly where the membrane was thrown into a series of 
folds. The conjugate did not appear to pass through this men- 
brane barrier into other compartments of the cell. Control 
cells incubated with non-immune conjugates or uncoupled fer- 
ritin and immune gamma globulin did not display this charact- 
eristic distribution, Cells incubated with labelled antibody 
and complement displayed esmotic swelling typical of immune 
cytolysis, but again ferritin was identified only on the cel] 
membrane. However, in broken-cell preparations the labelled 
antibody became bound to the now accessible intracellular 
membranes and appeared in the nucleoplasm. It appeared, there- 
fore, that in intact cells the surface membrane either pre- 
vented labelled antibodies from entering, or allowed so few 
molecules to enter that it was not possible to detect them 
in ultrathin sections. 





Immunology 


SEROLOGIC RELATIONSHIPS AMONG MYCOBACTERIA. David Kirsh* and 
Charles C. Shepard. U. S. Public Health Service, Communicable 
Disease Center, Atlanta. 

A serious technical problem in the study of mycobacteria is 
the close serologic relationships between species. A solution 
has been sought with preparations made from mycobacteria after 
they have been disrupted by vibration with glass beads. The 
cell wall fraction is suitable for fluorescent antibody (FA) 
stain. The protoplasmic fraction conteins sufficient antigen 
for antibody absorption studies (for which FA procedures are 
especially well suited), and for CF tests. Antisera were pre- 
pared in rabbits. Unless otherwise stated only one culture of 
each category was studied. Interspecies cross-reactions were 
prominent with FA but could be reduced in many cases by anti- 
body absorption. The cross-reactions were also present in CF 
tests, but differences in antibody titer could be demonstrated. 
With these tests the following groups could be distinguished: 
M. tuberculosis with M. marinum ( M. balnei) not far removed; 
Runyon's group III with the distinct subgroups a) 3 Battey 
isolates, b) M. avium, and c) 2 Binford hamster isolates; M. 
smegmatis; M. kansasii; M. phlei; and M. fortuitum. The 
Tinear arrangement is | aghty tn order increasing difference 
from M. tuberculosis. The last species were not any more 
related to each other than to M. tuberculosis. 














Immunology 


DISRUPTION OF MYCOBACTERIA AND THEIR STAINABILITY BY FLUORES- 
CENT ANTIBODY. Charles C. Shepard and David Kirsh. U. S. 
Public Health Service, Communicable Disease Center, Atlanta. 
Tubercle bacilli and several other slowly growing mycobact- 
eria did not stain distinctly with fluorescent antibody (FA) 
when tested as intact organisms. They stained very well, how- 
ever, after they were broken open. Disruption was accomplish- 
ed by the Salton and Horne technique by vibration with glass 
beads, and 2-6 minutes treatment opened them up, so that the 
protoplasm (measured by optical density at 265 m of hot PCA 
extracts) was almost completely released and was no longer sed- 
imentable at 150C g. The 1500 g sediment accounted for about 
20% of the dry weight, and 0-5% of the protoplasm of whole or- 
ganisms. It contained the cell walls as rod-shaped elements 
that stained brightly with FA. The 1500 g supernate contained 
the balance of dry weight and protcplasm, and consisted of a- 
bout 50% protein (Lowry). As measured by its ability tc inhib- 
it FA staining of cell walls, it contained more available an- 
tigen than the cell wall fraction or the intact bacilli. Its 
high antigen content was also attested by its titer as antigen 
in the CF test, and by its behavior in Ouchterlony plates, in 
which it gave more lines than culture filtrate concentrates. 
Thus the findings indicate that the outer surface of the cell 
wall of intact mycobacteria of these species is free of anti- 


gen. 
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Immunology 


PURIFICATION OF FLUORESCENT CONJUGATES BY COLUMN CHROMATO- 
GRAPHY. John H, Peters*, H. O. McRevitt*, L. W. Pollard*, 
J. G. Harter*, and A. H. Coons. Harvard Med. School, Boston. 
Rabbit antisera against bovine serum albumin were conjug- 
ated with fluorescein by the method of Marshall et al. (Proc. 
goc. Exptl. Biol. Med. 98, 898). After extensive dialysis 
against 0.005 M phosphate buffer, pH 8.1, each conjugate was 
gisorbed to a DEAE-cellulose column and eluted by step-wise 
increases in phosphate molarity at pH 6.3, The first fraction 
(I) was eluted at 0.05 M phosphate, the second (II) at 0.10 M, 
an the third (III) with 1 N NaCl, pH 7.0. Each fraction was 
concentrated to the original volume with polyvinyl pyrroli- 
done. (I) contained 40-60% of the original antibody nitrogen. 
specific precipitate from it had a molar fluorescein: antibody 
protein ratio of 1.06, determined by absorption at 490 my and 
by Bluret reaction. It gave 3-4+ specific staining and was 
free of non-specific staining of frozen sections of rabbit 
lymph node. (III) gave moderate specific and marked non- 
specific staining, and had a molar fluorescein:antibody pro- 
tein ratio of 3.92. The original conjugates and their frac- 
tions were found to fluoresce with 14-21% of the intensity of 
purified, unconjugated sodium fluorescein. It should now be 
possible to prepare conjugates free of non-specific reactiv- 
ity, with known fluorescence intensity and antibody content. 





Immunology 


FLUORESCENCE MICROSCOPY STUDY OF DIABETIC GLOMERULO- 
SCLEROSIS. Aline Berns* and H. T. Blumenthal*., The 
Jewish Hosp., St. Louis, Missouri. 


Crystalline beef insulin and globulin ions of the 
serum of human diabetics showing strong I13]-insulin binding 
capacity were labeled with fluorescine isothiocyanate and 
wed as reagents in this study. Sections of kicmeys showing 
the lesions of diabetic glomerulosclerosis were stained with 
the fluorescine-tagged insulin, and intense fluorescence was 
noted in the nodular foci of the glomertlar capillaries, the 
glomerular basement membrane, afferent and efferent arter- 
icles, and the basement membrane of tubules. This fluore- 
scence with fluorescine-tagged insulin could be partially 
inhibited by pre-treating the sections with non-fluorescent 
insulin. Similar studies were carried out utilizing the 
sandwich technique and the fluorescine-labeled globulin 
preparations. Normal kidney and kidneys with other lesions 
were similarly studied as controls. The results indicate 
that the nodular lesions of the glomeruli in diabetes con- 
tain substances with a strong insulin binding capacity. 
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ANTIGEN DISAPPEARANCE IN HIBERNATING GROUND SOUIRRELS 
(Citellus tridecemlineatus), B.N. Jaroslow and D. E. Smith. 
Div. Biol. and Med. Res., Argonne Natl. Lab., Argonne, I11l. 
Citellus tridecemlineatus was used to study the effect of 
hibernation on the induction period. The ground squirrels 
were injected intraperitoneally with 1131-labeled bovine 
serum albumin, and antigen disappearance (AD) was followed. 
The AD curve in non-hibernating squirrels indicates that the 
induction period is approximately 7 days. In squirrels 
hibernating in a room at 5° C, the AD rate for the duration 
of their stay in the cold room (14 days in these experiments) 
is close to zero. Upon their removal to a room at 23° C, the 
AD rate indicates that the induction period ends in 5 days. 
Since the induction period ends five days after the animal is 
Temoved from hibernation and not at seven, as in non- 
hibernating squirrels, some stages of antibody induction 
probably take place during the period of hibernation. The 
possible significance of these observations will be discussed. 
(Work performed under the auspices of the U. S. Atomic Energy 
Commission) 











Physiology 
DETECTION OF THE TUMORAL ANTIGEN IN WALKER TU- 
MOR BEARING RATS BY A LOCAL ANAPHYLACTIC REAC- 
TION. Didier Dufour*Laval Uni. , School of Med. , Quebec, Can. 
The method of Ovary and Bier (J. Immunol. 71, 6, 1953), by 
which an antigen-antibody reaction can be detected by a local 
anaphylactic reaction, has been used for "in vivo" detection of 
the specific antigen demonstrated by us in the serum and the 
liver of Walker tumor bearing-rats(Rev. Immunol. et thérap. 
antimicrob.,in press, 1960). Intradermic injections of rabbit 
antitumor antibodies were made in tumor bearing rats. Con- 
trol injections of two different immuneserums and a normal 
rabbit serum were made in the same animals. After 4 hours 
incubation, lcc of a 0.5% Evans blue solution was injected i. v. 
15 minutes later the animals were killed, their skin removed 
and examined for anaphylactic reactions. While no reaction oo 
curred in the immediate period following the tumor implanta- 
tion a typical reaction appeared in the third week. This reac- 
tion consisted of a circular blue staining of the skin at the si- 
te of the antitumor immuneserum injection. No reaction was 
seen at the sites of injection of the other serums.In control 
animals, injected with the 4 types of serums, no reaction oc- 


curred. (Supported by a grant from the Cancer Institute of 
Canada) 





Biochemistry 

USE OF OLD WORLD MONKEYS IN THE DIAGNOSIS OF HUMAN ALLERGY 
TO CASTOR. Laurence L. Layton¥ Stephen Lee,* and Floyd DeEds. 
Western Regional Research Laboratory, 4/ Albany, Calif. 

Diagnosis of allergy to specific antigens depends mainly 
upon skin tests directly upon the allergic patient o: upon 
passively sensitized non-allergic human volunteers. We had 
fractionated castor seed protein into antigenic components 
and it was necessary to determine which antigens were respon- 
sible for human castor allergy. Sera from 18 castor allergic 
humans were available, but testing upon humans was out of the 
question. Grove (J. Immn. 15, 3-7, 1928) reported negative 
results in attempts to transfer hypersensitivity from humans 
into the skin of chimpanzees and lower monkeys. Urgency 
forced us to attempt passive transfer using the Philippine 
monkey, Macaca Irus. The human sera were injected intra- 
dermally into the abdominal and orbital skin. Four hours 
later intracardiac injection of castor antigen and Evans blue 
dye immediately produced passive cutaneous anaphylaxis in 
sensitized sites. Other injected monkeys were skin-tested 
after 48 hours, and they exhibited wheals characteristic of 
positive skin tests in passively sensitized humans. This 
method has shown that six or more antigens are involved in 


human allergy to castor. 

1/A laboratory of the Western Utilization Research and Devel- 
pment Division, Agricultural Research Service, U.S. Dept. 
of Agriculture. 











Pathology 
EXPERIMENTAL ALLERGIC ARTHRITIS. R.TeMcCluskey, P.G.HeGell*and 


D.Felix-Davies*.N.Y.U. Sch. of Med. and Univ. of Birmingham,Ing 


A histologic study has been made of arthritis induced in 
guinea pigs by various forms of hypersensitivity, namely by 
delayed sensitivity,active and passive Arthus reactions and by 
soluble antigen-antibody complexes. With pure delayed sensitiv- 
ity, as in animals sensitized to allotypic gamma globulin, the 
arthritis produced by the intraarticular injection of antigen 
was characterized by a predominately mononuclear cell infiltrate 
immediately beneath the synovial layer. When only circulating 
antibody was involved, as with animals given antibody intra- 
venously shortly before the intraarticular injection of antigen 
(BSA) ,a rapidly developing acute synovitis was seen in which 
the infiltrate at the synovial layer and subsynovial blood ves- 
sels was almost entirely composed of neutrophiles. Injection of 
soluble antigen-antibody complexes into the joints of normal 
guinea pigs produced a neutrophile reaction mainly at the syno- 
vial layer. In guinea pigs showing both delayed sensitivity 
and circulating antibody,as in animals sensitized to BSA in 
complete adjuvant,a severe synovitis occurred after intraar- 
ticular antigen injection 12 days post sensitization,in which 
the infiltrate contained many neutrophiles as well as mononu- 
clear cells. Of the various forms of allergic arthritis, the 
model involving delayed sensitivity most closely resembles the 


histologic picture of rhe id arthritis. (Supported by a 
grant ton b.8.P.H.8. } 5755845 " 





Immunology 


LOCALIZATION PROPERTIES OF RADIOIODINATED FRAGMENTS 
OF ANTI-RAT KIDNEY ANTIBODY. Peter Stelos, Yasuo Yagi, and 
David Pressman. Roswell Park Memorial Institute, Buffalo, N. Y. 

Since antibodies can be split into active univalent frag- 
ments by papain digestion, the effect of such digestion on the 
kidney localizing properties of anti-rat kidney antibodies were 
determined. The fragments were trace labeled with radioiodine 
and studied with respect to their in-vivo localizing and in-vitro 
adsorption properties. Gamma-globulin fragments from normal 
rabbit and rabbit anti-beef y-globulin sera were used as con- 
trols. The kidney-localizing activity was found in fragments 
I and II of anti-rat kidney y-globulin. The fixation of frag- 
ments in the kidney, however, was of short duration compared 
with that of the intact antibody. The adsorption of fragments 
with rat kidney sediment demonstrates the presence of anti- 
body activity in fragments I and II. 
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Cellular Immunology 

ANERGY OF DELAYED ALLERGY IN HODGKIN'S DISEASE PATIENTS. 

W.J. Warwick*, 0. Archer*, W.D. Kelly*, and A.R. Page*™, Univ. 

of Minnesota Medical School, Minneapolis, Minnesota. 

Hodgkin's disease patients have a high incidence of infec- 
tion with Mycobacterium tuberculosis and a low incidence of 
positive tuberculin skin tests. Schier tested a group of Hodg- 
kin's patients for delayed allergy responses to antigens fran 
commonly encountered microorganisms and found a low incidence 
of hypersensitivity. This paper reports the results of (1) 
further skin testing of Hodgkin's patients with a battery of 
antigens, (2) attempts to passively transfer delayed allergy 
to Hodgkin's patients (using "total", "split", and "massive" 
transfers of sensitive cells), (3) attempts to actively induce 
delayed allergy in Hodgkin's patients by intradermal injection 
of diphtheria toxin-antitoxin precipitate and local applica- 
tion of 2, DNFB. 63% of Hodgkin's patients were completely 
anergic to the battery of antigens, whereas only 1.1% of the 
control subjects were anergic. Passive transfer of delayed 
allergy to Hodgkin's patients was unsuccessful. Massive trans- 
fer of cells involving as many as five donors failed to break 

the anergy. Attempts at actively inducing delayed 
allergy in Hodgkin's patients with diphtheria toxoid and 2, 
DNFB failed. Skin homotransplantation studies revealed fur- 
evidence of the immunologic deficit in Hodgkin's disease. 
Aided by grants from U.S.P.H.S., Minn. Heart Assoc., American 
Heart Assoc., Minn. Div. of American Cancer Society.$ 
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Pathogenetic Seemamalagy 

A CYTOPATHOGENIC EFFECT OF STAPHYLOCOCCAL FILTRATES ON HUMAN 
CELLS IN TISSUE CULTURE: NEUTRALIZATION WITH IMMUNE SERA. 
IRVING GOLDSCHNEIDER*, LEONARD HAYFLICK*, STUART MUDD AND 
JAMES TAUBLER*. UNIV. OF PENNA. SCHOOL OF MED., WISTAR INST. 
OF ANAT. AND BIiOL., AND VET. ADM. HosP., PHILA., PENNA. 

THE IMMEDIATE OBJECTIVE OF THIS STUDY IS THE ELABORATION OF 
A TEST FOR THE ASSAY OF PROTECTIVE SUBSTANCES IN HUMAN SERUM 
RESULTING FROM NATURAL STAPHYLOCOCCAL INFECTION OR PROPHY= 
LACTIC IMMUNIZATION. 0.2 ML OF FILTRATE FROM A 12 HR BROTH 
CULTURE OF PATHOGENIC STAPHYLOCOCCUS AUREUS 80/81 PRODUCED A 
CHARACTERISTIC CYTOPATHOGENIC EFFECT IN TISSUE CULTURES OF 
RABBIT AND MONKEY KIONEY, HELA, HUMAN LIVER, FIBROBLAST, IN- 
TESTINE, AND AMNION CELLS. FILTRATES FROM MUTANTS LACKING 
SOLUBLE COAGULASE, FIBRINOLYSIN, ALPHA AND DELTA HEMOLYSINS 
ALSO GAVE THIS EFFECT. ACTIVE, PURIFIED P-V LEUCOCIDIN DID 
NOT GIVE THE EFFECT. DERMONECROTIC AND LETHAL TOXINS, AND 
PRESUMABLY HYALURONIDASE, FIBRINOLYSIN, PROTEINASE AND LIPASE 
WERE DESTROYED BY AUTOCLAVING; HOWEVER, THE FILTRATE RETAINED 
ITS CYTOPATHOGENICITY. IMMUNE RABBIT SERUM WAS PREPARED 
AGAINST THE FILTRATE AND AGAINST VIABLE STAPHYLOCOCCAL CELLS 
IN INDUCED FURUNCULOSIS. BOTH SERA PROTECTED AGAINST THE 
CYTOPATHOGENIC EFFECT. HUMAN SERA FROM SOME PATIENTS WITH 
ACTIVE CHRONIC STAPHYLOCOCCAL INFECTIONS ALSO GAVE PROTECTION. 
(SupporTED BY U.S.P.H.S. GRANT No. E-2690 FROM THE N.1.H.,AND 
BY FUNDS FROM THE VET. ADM. CENTRAL OFFICE, WASHINGTON, D. C.) 
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THE PATHOGENESIS OF IMMUNOLOGICALLY INDUCED CHRONIC 
GLOMERULONEPHRITIS, F.J. Dixon. U.Pgh. School of Med.,, gh, 
Penna. 

Daily injections of any one of the four antigens, bovine albumin, 
bovine gamma globulin, human albumin, or human gamma globulin will 
produce glomerulonephritis quite similar to human glomerulonephritis in 
some rabbits. Rabbits responding with large amounts of antibody may 
develop an acute glomerulonephritis which is self-limited in spite of 
continued injections of antigen. The disease exists during the time 
antibody is beginning to be formed and while large amounts of antigen 
are in the circulation, and disappears when the animal reaches an 
antibody excess situation. Rabbits making just enough antibody to 
neutralize the injected antigen, but not enough to reach antibody exces 
develop a chronic glomerulonephritis. Antigen apparently in the form 
of antigen-antibody complexes is deposited in the glomerular basement 
membranes in this disease and appear to be involved in the pathogene- 
sis of the lesions. Rabbits making no antibody response developed no 
disease. 


013 ANTIGEN-ANTIBODY REAC TIONS—Non-specific 
Factors—Complement iestatiiel 


NON-SPECIFIC INACTIVATION OF C* BY LIPOPOLYSACCHARIDES OF 
MYCOBACTERIUM TUBERCULOSIS. J. F. Kent, R. W. Stevens*, 
W. B. Lawson*, and H. W. Reilly*. Div. Laboratories & 
Research, N.Y. State Dept. of Health, Albany. 

Lipopolysaccharides (L) of M, tuberculosis were found to 
inactivate guinea pig, human, or rabbit C* non=specifically 
at 37°C, the susceptibilities of the species increasing in 
the order given. No inactivation occurred at 0° or 17°C, a 
characteristic that differentiated the reaction from that 
mediated by specific antibody. When C* was treated with L 
at 0° or17°C and the L sedimented in the cold, the super- 
nates could not be inectivated by added L at 37°C, but the 
L sediments inactivated the supernates when recombined with 
the latter at 37°C. It appears that L combines with a C* 
component at 0° to 37°C, to form a complex that inactivates 
C* at the higher temperature. The responsible C* component 
has the characteristics of a normal, heat-labile euglobulin, 
but differs from properdin in that it combines with L at 0° 
as well as at 17°C, 








Immunology 


THE DETECTION AND ALTERATION OF C'3 COMPONENT IN MOUSE PLASMA, 
Courtney T. Wemyss, Jr.* and Curtis A, Williams, Jz., Hofstra 
College, Hempstead, N.Y., and Rockefeller Institute, New York 

Immunoelectrophoretic analyses have been made of individ- 
ual samples of mouse plasma. In the developed pattern there 
was an extremely labile 4 -globulin with a single mobility. 
The fraction was present 4s such only in fresh plasma. Sim 
ilar experiments with serum identified it as the component 
designated by Heremans et al as @,-I which has two distinct 
mobilities giving a reaction of dmmochemical identity. It 
is suggested that the undegraded plasma component is the homo- 
logue of the human 4,-C of Muller-Eberhardt, which he has ide 
tified as the third Component of complement. Plasma which had 
been heated at 56° C. for varying times up to 15 minutes man- 
ifested a graded series of patterns from that of fresh plasm 
through that of untreated serum; to the disappearance of the 
more rapidly moving component and finally to the disappearance 
of both electrophoretic components. Aging the plasma or ex- 
posing it to gram-negative endotoxin resulted in a pattern 
characteristic of serum. These experiments are discussed in 
relation to the typically low complement titers found in 
mouse serum. 
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Immunology 


FURTHER STUDIES ON CARBOXYPEPTIDASE A AND COMPLEMENT. 
Amiraian* and Edward J. Leikhim*. Div. of Labs. & 

Research, New York State Dept. Health, Albany. , 

The optimum time of preincubation of guinea pig complement 
(gp C') with carboxypeptidase A for enhancement is ten 
ainutes at 37°C. As the temperature of the immune hemolytic 
reaction is decreased, enhancement of gp C' by the enzyme 
increases, reaching a maximum during the formation of EAC'l, 
4,2, at O°C. As the concentration of gp C' is increased, the 
effect of the enzyme is diminished. Carboxypeptidase A does 
pot cross-titrate with any of the classical reagents used in 
titration of components of C'. With the aid of these re- 
agents, it has been found that prior interaction of a com- 
ponent of complement with sensitized cells is necessary for 
the enzyme to exert its effect. Decay of this component can 
be overcome to some extent by the presence of carboxypepti- 
dase A. These observations indicate the decay of an inter- 
nediate prior to the state EAC'1,4,2. Human C' is inhibited 
slightly by the enzyme at 37°C. This effect is reversed as 
the temperature of the hemolytic reaction is lowered, reach- 
ing an apparent maximum at 17°C. Preparations of bovine 
procarboxypeptidase A, inert in the immune hemolytic system, 
exhibit enhancing properties when pretreated with trypsin. 





Immunology 


COMPARISON OF COMPLEMENT FIXING POTENCY OF ANTISERUM FROM 
VARIOUS SPECIES. J. F. Barbaro and E. L. Becker. Walter 
Reed Army Inst. of Res., Washington 12, D.C. 

Studies were undertaken to determine the ability of vary- 
ing amounts of antigen-antibody aggregates formed at equiva- 
lence to fix guinea pig complement. The complement (C') fix- 
ing ability of prerormed precipitates and antigen-antibody 
aggregates formed with rabbit, sheep and horse antisera in 
the presence of C' were compared. Rabbit antisera to oval- 
bumin (OA) and bovine serum albumin (BSA) showed the best 
complement fixing ability; the preformed precipitates were 
somewhat less active in this regard than the antigen-anti- 
body aggregates formed in the presence of C'. The sheep anti- 
serum to OA was only 40-50% as effective as the rabbit anti- 
serum, and there was little difference between precipitates 
and the aggregates formed in the presence of C'. The human 
serum albumin (HuSA) horse anti-HuSA aggregates formed in the 
presence of C' were only about 1 to 2% as effective as the 
rabbit antisera, and were never capable of fixing more than 
about 20% of the added C' no matter how much antibody was add- 
ed. The HuSA-horse antibody precipitates were much more ef- 
fective than the corresponding aggregates formed in the pres- 
ence of C', but nevertheless they could only fix 40-50% of 
added C'. 





Immunology 


INMUN'S HSMOLYSIS AT 0 . THS C'3 STSP AN TSRMINAL 
ST&P, David L. NeVickar*. Univ. of California 
School of Medicine, Los Angeles, California. 

In immune hemolysis at 0° the maximal velocity of 
hemolysis and minimal time required for 50% hemolysis 
are achieved at amboceptor concentration about 10x 
optimal and C!' 1:20; further increase in concentra- 
tion of amboceptor or C! is without effect. Since 
the uptake of C'1, C'% and C'2 is rapid, it may be 
postulated that the irreduceable lag of 30-40 min. 
before hemolysis begins at 0° is due to the slowness 
of either the C'3 step or terminal step. By a modi- 
fication of Nayer's technique, it has been possible 
to determine the kinetic curve for the "&* plus 
shost" cells. The data, when analyzed in terms of 
Mayer's interpretation of his findings at 37°, indi- 
Cate that 80%-90% of the lag phase is due to the 
time required for the terminal step. However, the 
time required for a population of cells in the B&* 
condition to complete hemolysis when isolated (in 
sedimented condition) from further contact with ¢! 
components, is at least seven hours. The present 
interpretation of the "&* plus ghost" curve and of 
the terminal step, will be discussed in the light 











of these findings. 
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NON-IMMUNE HEMOLYSIS OF ERYTHROCYTES ALTERED BY BACTERIAL 
LIPOPOLYSACCHARIDES. Robert C. Skarnes” (introduced by 
D. W. Watson). Dept. of Bacteriology, Univ. of Minnesota, 
Minneapolis and Service de Chimie microbienne, Institut 
Pasteur, Paris, France. 

Surface alteration of erythrocytes by both low and high 
molecular weight substances renders such cells sensitive to 
agglutination or hemolysis in serum. The lytic action of 
serum appears to be dependent upon complement and antitody or 
antibody-like intermediates. Purified lipopolysacchsrides 
(LPS) from Salmonella typhosa or S. abortus equi were applied 
to sheep or horse erythrocytes. The lysis of such modified 
cells was studied in both human and guinea pig sera. The 
cold adsorption of.sera with normal or LPS-erythrocytes did 
not appreciably alter hemolytic titers of such sera when 
tested at 37°C. Furthermore, the addition to adsorted sera of 
free LPS did not affect subsequent hemolytic titers against 
LPS-sensitized erythrocytes. By contrast, minute quantities 
of free LPS effectively blocked immune hemolysis of LPS 
erythrocytes in the presence of specific antibody. The data 
support the view that complement acts directly upon the 
modified red cell to produce lysis without the participation 
of other identifiable serum components. 
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REACTION OF HUMAN SERUM INHIBITOR OF C'1-ESTER- 
ASE WITH INTERMEDIATES IN THE IMMUNE HEMOLYTIC 
SYSTEM. M.A. Leon and I.H. Lepow. St. Luke's Hosp. and 
Institute of Pathology, Western Reserve Univ., Cleveland. 

A partially purified inhibitor (EI), a normal constituent of 
human serum, blocks the esterolytic and C' 4-inactivating 
activities of human C'l-esterase (Fed. Proc. ,19, 76, 1960). 
Incubation of sensitized sheep erythrocytes containing the 
activities of human C'l and C'4(EAhuC! ) with EI resulted 
in progressive loss of hemolytic activity When tested with a 
source of human C'2 and C'3 (NagyMgEDTA-human serum). 
The kinetics of inhibition were independent of the concentra- 
tion of EAhuC', , in the presence of high concentrations of 
EI, The rate of inhibition increased with increasing concen- 
tration of El and with increasing temperature over the range 
investigated. The rate of decay of the complex showing the 
activities of human C'1,C'4, and C'2(EAhuC' 4 2) was 
markedly increased during incubation with El. hits available 
evidence suggests that El interferes with the function of C'l 
on intermediate complexes and is consistent with other 
studies on the effect of El in immune cytotoxicity and immune 
human hemolysis (J. Exp. Med. , 112, 1107, 1960; 113, 193,1961). 
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ISOLATION OF THREE COMPONENTS OF THE C'3 COMPLEX. A.B. Taylor™ 
and M.A. Leon. St. Luke's Hospital, Cleveland, Ohio. 

The C'3 complex, in both human and guinea pig sera, has 
been fractionated into three components using a combination 
of alcohol precipitation and DEAE cellulose chromatography. 
The three components, labeled C'3a, C'3b and C'3c to indicate 
their order of reaction with the intermediate complex EAC' 

1 4,2» come of f the DEAE cellulose column in the order C'3b, 
C'3a, C'3c, using a linear tris-NaCl gradient system at pH 
7.6. Better resolution was obtained at 20°C than at 2°C. The 
transient increase in C'3 activity observed on incubation of 
human serum with streptokinase (Fed.Proc., 17, 1748, 1958) is 
due to an increase in both C'3a and C'3b activity. Human R3 
can be prepared essentially free of C'3a, C'3b and C'3c activ- 
ities using zymosan. Guinea pig R3, whether prepared with 
zymosan or formaldehyde, contains considerable C'3b and C'3c. 
The presence of C'3b and C'3c in guinea pig R3 is believed to 
be the explanation for the activity of B,. globulin with 
guinea pig R3 (Muller-Eberhard and Nilsson, J. Exp. Med., 
111,217, 1960). 
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THE PRECIPITATION OF NON-PRECIPITATING AND REDISSOLVED PRECI- 
PITATING ANTIGEN-ANTIBODY COMPLEX BY AMMONIUM SULFATE, ANTI- 

ANTIBODY AND ALKALI TREATMENT. Ludwig A. Sternberger, John J. 
Cuculis*, Howard G, Meyer* and Nancy J. Hoyt Pathology Branch, 


Tmmunoloy 
MATHEMATICAL ANALYSIS OF IMMUNOELECTROPHORE 
[te Bre Settee atts = 
Dept. Medical Microb., Univ. Southern California, Schoo 
icine, Los Angeles, Calif. 
Expressions have been developed that describe the concent, 

































































Army Chemical Center, Maryland. tion distribution of antigen and antibody after electrophoresigas 1 

Brief alkali treatment in the cold precipitates complexes permit calculation of the amounts of antigen ear tesge anti 
of "non-precipitating" antibody and antigen, whether in anti- initial zone of precipitation. We considered antigen applied ing ino 

eee cen Tea E ia’ hy circular area. Electrophoretically heterogeneous antigens 
gen or antibody excess. Farr reporte P y regarded as composed of homogeneous components with a con § 
ammonium sulfate of the products of the "primary interaction" tinuous mobility distribution over a given range. The concentry § isff 
of antigen and antibody. A "blocking" type of antibody can be tion of antigen at any point was obtained as the integral, withre- § uth 
detected by precipitation with enti-antibody (Feinberg). Fol- ype aa wi epee! es = bana peepee thea gti 
, 2 Cc 

lowing repeat injections of I°""-HSA into rabbits both ee source. The concentration of sakivahy champ outes is obtained! intr 
um sulfate and alkali precipitable antigen will circulate. We from the diffusion equation for a rectangular area source. B25 
have now compared the three methods as to their efficacy in can be taken of the ''sink'' phenomenon, 1.e., that antigen and angi. & isms 
precipitating soluble complexes of non-precipitating anti-HSA body do not trespass the region where the zone of precipitationyyyy ati 
with HSA and precipitating anti-HSA with excess HSA. Complexes yw The amount M of antigen or fT he re of 8 
of precipitating qptibody and antigen were obtained by addi- Cs Pages pee (Xp»¥p attune ¢ is given by: pri 
tion of HSA to I eanti-HSA globulin. The washed precipitates | — D ac dt h PP th ive. 
were redissolved in excess HSA and mixed with normal serum and a Ba (Xp. ial St ce eet inje 
saline or borate buffer, pH 8.3. From these solutions only a ad P Sple 


directional derivative, in the ee eee to dl, of the 
antigen or antibody concentration, and Dis the diffusion coeffi: § °™” 
cient. Results of this analysis permit a description of the concer. vas 
tration relation in the initial zone of precipitation in terms of ex. § tit 
perimentally measurable ee (Supported by USPHS + O 
grants E-2086 and E-3222.) 


fraction of the antibody globulin precipitated with ammonium 
sulfate or anti-antibody and none with alkali. Mixtures of 

anti-HSA whole sera and I*~*-HSA possessing large amounts of 
alkali precipitable antigen (non-precipitating antibody) also 


contained antigen precipitable with ammonium sulfate and anti- 
antibody. 
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QUANTITATION OF SERUM GLOBULINS BY IMMUNOELECTROPHORETIC A 
ANALYSIS. Richard Hong*and Clark D. West. Child. Hosp. ies, § se 
Found. and Dept. of Peds., Un. of Cincinnati, to 

A method for quantitative determination of gamma, two 62, — is 
and an alpha-2 globulin has been devised, based on the detec- 
tion of residual antibody after reaction of serum with a goat § ser 
anti-human serum. Increasing quantities of the serum to be on 
quantitated are added to constant volumes of antiserum. Aftel con 
incubation, the supernatants are reacted with a standard sem ps 
electrophoresed in agar and residual antibody detected by th § of 
presence of the corresponding precipitin arc. The end point § po 
is that volume of serum which results in a supernatant givin § gi 
a barely perceptible precipitin arc. For gamma globulin, th ® of 
sensitivity of the method is within the order of 2.5 to 5%, set 
and accurate values can be obtained at concentrations as lo § an 
as 6 mgmZ%. Equal precision is possible with the other globu § hi: 
lins studied, but because of the absence of a pure standard, st 
results must be expressed in terms of arbitrary units based Th 
on a standard antiserum. (Aided by post-doctoral fellowship, § th 


CERTAIN QUANTITATIVE ASPECTS OF AGAR COLUMN DIFFUSION 
ANALYSES. William G. Glenn. School of Aviation Med., USAF, 
Brooks AFB, Tex. s 

Columns of the Oakley-Fulthorpe (J. Path. Bact. 65:9, 

1953) double diffusion type were used to quantitate albumin 
concentration differences in human urine standards diffused 
into rabbit antialbumin sera for 72 hours at 30 + aL” 
Linearization of the standard curves was best accomplished 
by regressing the diffusivity ratios (P values) on the 

</albumin concentrations. In the 0.782 to 25.000 mg. percent 
range, the minimun detectable concentration difference was, on 
the average. 1.520 mg. percent (P< .05). Statistical compar- 
ison of slopes and intercepts for five standard curves showed 
that these data were not interchangeable. Ethanol precipi- 
tated fractions II and V homologous systems reacted in simple 
diffusion columns were used to follow the effect of tempera- 
ture on diffusion rate. The percent increase in depth of 
penetration with temperature was not constant over the 20° 
to 35° C. range. Calculations for the fraction II and V 




















systems indicated 0.7° C. and 1.3° C. temperature change U.S.P.H.S., and Grants H 1638 and £ 3429, N.I.H.) an 
respectively could make a measurable alteration in the mi 
diffusion distance. a 
mo 
fu 
bo 
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Immunoelectrophoresis — Biochemisty 
ZONE SEPARATION OF CHEMICALLY REACTING PROTEINS. Isolation and Identification of the Antigenic Com- . 
Gerson Kegeles and John L, Bethune.” Clark Univer- ponents of Ery. rhusiopathiae. Thomas G. White* ke 
sity, Department of Chemistry, Worcester, Mass. and George F. Kalf* National Animal Disease Lab., 
For large numbers of tubes and transfers in dis- Ames, lowa and Dept. of Biochemistry, Seton Hall be 
continuous countercurrent distribution, zone move- Col. of Med. and Dent., Jersey City, 4, N.J. 
ment and zone spreading occur which find direct Anion-exchange chromatography of neutral extracts ( 
analogies in continuous separation processes. With of acetone powders of Ery. rnusiopathiae, strain . 
the aid of computer programming, the discontinuous S-192 on DEAE-SF has resulted in the isolation of 1 
process of successive equilibrations may be pre- 4 serologically distinct antigens when assayed by 7 
dicted exactly for chemically reacting protein sys- the agar double diffusion technique. Peak A ‘ 
tems, once numerical values have been assigned to emerged from the column unretarded while peaks B, 
the controlling equilibrium constants. This also C, and D were eluted at about 0.09, 0.20, and 0.60 7 
affords predictions of expected qualitative behavior M salt respectively. Serological investigation of § , 
in related procedures, such as zone electrophoresis. | the various peaks has indicated that peak A precip- pi 
One interesting finding is that a complex of inter- itates only with homologous anti S-192 serum and thee , 
mediate mobility can be separated into two pure antiserum to a closely related strain NF4, Peak B § , 
reactants, whereas a complex which attempts to move reacts only with anti S-192 serum. Peak C appears p 
either more slowly or more rapidly than both react- to be a "generic" antigen and precipitates with ‘ 
ants actually travels with one reactant, thus not antisera to several different strains of the or- b 
permitting a complete separation. The zone electro- ganism. Peak D had precipitating activity similar § ,, 
phoresis of soluble antigen-antibody complexes can to that of peak B, however, when placed in adjacent . 
be studied in this way. (Supported by a grant from wells in the double diffusion studies the two lines — , 


the Wational Institutes of Health, and facilitated 


by availability of the M.I.T. New England Colleges 
Computer Center). 








of precipitation crossed. These agar double dif- 
fusion studies indicate that 4 antigens are serol0 


: Be 
SF°the YnafvedGS1 ank¥gens atik be nepacted.72 
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Pathology 


MIBODY RESPOWSE OF RATS IMMUNIZED WITH PURIFIED FLAGELLAR 
gmiGceiis. J. W. Winebright*, and Ff. W. Fitch. Argonne Cancer 
wsearch Hospital; and Department of Pathology, The University 
of Chicago. 

The route of injection, the dose, the physical state of the 
mtigen and the presence or absence of the spleen are factors 
gown to aifect antibody response. A purified flagellar 
gtigen was prepared from Salmonella typhosa by the method of 
ffler et. al. Intact and splenectomized rats were immunized 
with doses of particulate (flagella) or solubilized (flagellin) 
gtigen ranging from l0Oyg to 0.00lug injected intravenously, 
intraperitoneally, or subcutaneously. Antibody response was 
gasured by determining agglutinin titers against whole organ- 
ims. In general, larger doses of antigen resulted in greater 
mtibody response. At any dose level, intravenous injection 
of antigen gave a higher antibody titer than did intra- 
peritoneal injection; the subcutaneous route was least effect- 
ive. With equal doses, antibody titer was higher after 
injection of flagella than after injection of flagellin. 
Splenectomy inhibited to varying degrees the antibody response 
wgardless of the route of antigen injection; the inhibition 
vas more marked at lower dose levels. The rise in antibody 
titer was slower in splenectomized than in intact animals. 

+ Operated by the University of Chicago for the United States 
Atomic Energy Commission. 
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MEASUREMENT OF THE MOUSE PROTECTIVE EFFECT OF ANTIBODY FOR 
PSEUDOMONAS AERUGINOSA IN BURNED AND UNBURNED PATIENTS' SERA. 
(0. Graber, OD. Cummings,*E.H. Vogel, Jr.* and W.T. Tumbusch¥ 
US Army Suraical Research Unit, BAMC, Ft-Sam Houston, Texas. 
Lack of an effective antibiotic to abet host defenses 
seriously impaired by thermal injury has refocused attention 
on serum antibody as a means of combatting pseudomonocemia 
commonly associated with burn deaths. Native hemagglutinin to 
pseudomonad polysaccharide PC-9 normally prevalent in the sera 
of all burned and non-burned patients was found to be only 
poorly protective for mice when sera from these two groups was 
given IP to mice along with a virulent, nosocomial phagetype 
of Ps. aeruginosa. No bacterial agglutinin was present in the 
sera of any of these patients. Immune bacterial agglutinin 
and hemagglutinin produced by one severely burned patient to 
his infecting pseudomonad late in his clinical course was 
strongly protective for mice against the challenge organism. 
This serum reacted to high titer with PC-9 but absorption with 
the infecting strain left only meagre non-mouse protective PC-9 
antibody. Conversely PC-9 absorbed sera proved protective for 
mice at unabsorbed PD-50 value. Hyperimmune serum produced in 
aburned rabbit to the 0 antigen of the challenge strain gave 
mouse protection exceeding a PD-50 of 1:1000 substantiating 
further that protection is associated not with normal anti- 
body but with immune agglutinin. 
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ANTIGENICITY OF SYNTHETIC COPOLYMERS OF GLUTAMIC ACID AND 
WSINE. Paul H. Maurer. Seton Hall Col. of Med. & Dent., 
Jersey City, N.J. 

Several synthetic copolymers cf glutamic and lysine have 
been studied for antigenicity in rabbits and guinea pigs. The 
polymers contained different ratios of glutamic acid: lysine 
(i.e. 6:4, 7:3 and 5:5). Only the 6:4 copolymers produced de- 
tectable antibody in rabbits. Although antibody was original- 
ly detectable only by the passive cutaneous anaphylaxis re- 
action in guinea pigs, it has been possible now to obtain 
antisera which gave good reactions "in vitro" as measured by 
quantitative precipitin reactions, diffusion in agar, and 
quantitative complement fixation reactions. By these methods 
the heterogeneity of the synthetic polypeptides has been dem- 
onstrated (i.e. several bands in agar diffusion). In addition 
it will be shown that rabbits produced antibody against differ- 
ent configurations (or molecules) in the same copolymer pre- 
Paration. The results of inhibition experiments with glutamic 
acid, lysine and the polymers of glutamic and or lysine will 
be presented. Antigenicity studies in guinea pigs indicated 
that the synthetic copolymers are poor antigens. However, 
antibody could be produced when the antigen was incorporated 
in complete adjuvants or in saline solution. 
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PURIFICATION AND CHARACTERIZATION OF STAPHYLOCOCCUS ALPHA} 


HEMOLYSIN. Keiichi Goshix, Leighton E. Cluff, and Philip S,. 
Norman*, Johns Hopkins Univ. School of Med., Baltimore, Md. 
Alpha-hemolysin was purified from the broth culture of 
Ss lococcus aureus, bacteriophage type 80/81, Culture 
rate was treated with trichloricacetic acid precipitation, 
methanol fractionation, and extraction in phosphate buffer to 
obtain partially purified material, This partially purified 
material was further purified by column chromotography using 
DEAE-cellulose and calcium hydroxylapatite. 

The purified alpha-hemolysin produced hemolysis of rabbit 
erythrocytes in a dose of less than 0.01 microgram. This ma- 
terial was inactivated by proteolytic enzymes, and was found 
to be a muco-protein. The purified alpha-hemolysin had an 
isoelectric point of pH 5.5, was unstable on storage at -50 C,, 
and was completely inactivated by heating at 80° C. for 15 
minutes, It was dermonecrotic and lethal for rabbits and mice 
and produced nucleolysis of neutrophilic leukocytes, Injec- 
tion of the toxin into human skin produced severe inflammation 
probably with necrosis, It did not hemolyse human erythro- 
cytes but produced damage of polymorphonuclear leukocytes. 

The pure alpha-hemolysin was antigenic in rabbits, and 
specific serum antibody neutralized the activity of the toxin, 


tJ 
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SINCLE INJECTION THERAPY WITH EMULSIFIED VENOM IN WASP-STING 
ALLERGY. Mary H. Loveless. Cornell University Medical 
College, New York City. 

Although we have reported that one annual visit lasting 
about 3 hours is adequate for safe and effective immunization 
with pure venom against extreme wasp-sting allergy, both the 
time required and the risk involved have now been further re- 
duced by giving the entire dose of 6 sacsful of venom in emul- 
sified form by means of a single subcutaneous injection. In 
the 9 individuals treated for their polistes-sting allergy, 
sensitivity was so extreme prior to treatment that 7 had col- 
lapsed within 20 minutes after accidental stings. The Arla- 
cel A:mineral oil:venom formula given them was 1:6:5. 75 and 
140 days later two patients exhibited full tolerance towards 
accidental field stings. For 7 no adverse signs resulted 
from planned stings inflicted 6 months after treatment. In- 
tracutaneous and conjunctival instillation tests were repeated 
in a controlled manner after therapy to reveal acquired toler- 
ance. The repository procedure appears from these trials to 
be both safe and effective as well as reducing treatment time 
maximally. A practical difficulty is the need to have lively 
wasps on hand for each day's treatment. 
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QUANTITATION AND RADIOAUTOGRAPHIC LOCALIZATION OF H3-LABELED 
ANTIGEN IN TISSUES OF HYPERIMMUNIZED MICE. Audrey N. Roberts* 
and F, Haurowitz. Chem.Dept.,Indiana Univ.,Bloomington, Ind. 

An H?-labeled azoprotein (A*-PGG) was prepared by diazotiz- 
ing 14.8 mg H3-aniline-HCl and coupling it to 100 mg of porcine 
Y-globulin (PGG). Mice received four i.v. or s.c. injections 
of 1.0 mg(13.6~C) per dose within 8 days, and were killed on 
day 15. Serum antibody titers, determined by tanned red cell 
agglutination, were 1:320 to 1:640. Tissues were fixed by 
freeze-substitution and embedded in paraffin. Alternate 5 sec- 
tions were used for counting and radioautography. Sections were 
counted in a windowless flow counter, and in a liquid scintil- 
lation spectrometer before and after dissolution in hyamine. 
Similar values were obtained in all three methods, The highest 
activities were found in the lung, much less in liver and 
spleen, and least in the mesenteric and popliteal lymph nodes. 
Radioautographs prepared with liquid emulsion revealed grain 
concentration over histiocytes of the lung, in lymphocytes and 
histiocytes of spleen and lymph nodes, and in an occasional 
Kupffer cell of the liver. The ratio of counts per minute dei- 
ermined by flow counting to number of silver grains was approx- 
imately 20. Thus it was possible to calculate an empyrical 
value for the quantity of antigen per grain. (Supported by 
NSF grant 5468, PHS grant 1852, and by contracts of Indiana 
University with the ONR and the AEC). 
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RESYNTHESIS AND PROPERTIES OF THE ACTIVE COMPONENT OF A PEPTIC 
DIGEST OF RABBIT ANTIBODY. A. Nisonoff. Department of 
Microbiology, University of Illinois, Urbana. 

Previous work (Arch. Biochem. Biophys. 89, 230, 1960; 
Science, in press) indicates that the rabbit antibody molecule 
contains an inactive fragment, which is readily removed by 
pepsin, leaving a bivalent residue with a sedimentation co- 
efficient of 5 S and molecular weight 106,000. The latter is 
split into two univalent fragments, approximately equal in 
size, by treatment with one of several reducing agents. This 
is brought about by reduction of a single, labile disulfide 
bond (Nisonetf, Markus and Wissler, Nature, in press). 

Several lines of evidence suggested that the mechanisms of 
action of papain and pepsin are similar and that the 5 S 
molecule consists of Porter's fractions I and II. We have 
now carried out amino acid analyses on the 5 S material and 
the results provide strong support for this hypothesis. Also, 
precipitating 5 S antibody has been resynthesized, by oxida- 
tion, from the univalent, 3.5 S fragments of rabbit antioval- 
bumin. This confirms the result previously obtained with 
rabbit anti-p-azobenzoate antibody. (Supported by a grant 
from the U. S. Public Health Service.) 
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PERSISTENCE OF VI ANTIGEN IN MOUSE TISSUE, Sidney Gaines, 
Walter Reed Army 


Julius A. Currie*and Joseph G. Tully.” 
Institute of Research, Washington, D.C. 


The presence of injected antigen in animal tissue has been 
shown by a variety of techniques. In the present work, the 
e@ppearance and persistence of Vi antigen in mouse tissue was 
determined by means of active immmization tests with tissue 
extracts, Mice were injected intraperitoneally with purified 
Vi antigen or Vi-containing bacilli. At appropriate intervals, 
animale were sacrificed and saline extracts of their tissues 
were prepared. Mice were immmized with these extracts and 
challenged 6 days later with 10 LDso doses of Salmonella 

osa Ty2. Protection was afforded by the tissue extracts 

om Vi-injected mice, but not by normal tissue extracts. 
That the immmizing capacity of tissue extracts from Vi-injec- 
ted mice was attributable to Vi antigen was affirmed by demon- 
strating that these extracts stimlated the production of Vi 
entibody in mice, coated erythrocytes for agglutination by Vi 
antiserum, and inhibited agglutination of Vi-sensitized rbe by 
kmown Vi antisera. Vi antigen could be detected in the liver 
and spleen of mice injected with as little as 1 microgram. In 
mice given 150 micrograms, the antigen was still present in 
liver tissue 231 days later. 
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PHYSICAL CHARACTERIZATION OF ANTIGEN RETAINED 
FOLLOWING IMMUNIZATION. Anil Saha* and J. S. Garvey. 
Division of Chemistry and Chemical Engineering, California 
Institute of Technology, Pasadena, California. 

Garvey and Campbell (J. Exp. Med., 105, 361 (1957)) 
reported that S** sulfanilic acid azo-BSA when injected into 
rabbits was found in association with ribonucleic acids in 
the cell-particulate free soluble fraction of liver. To obtain 
a nucleic acid-rich soluble fraction, the cell-free extract 
from the liver of immunized rabbits was fractionated at 
50 per cent saturated ammonium sulfate, pH 5.2-5.6. The 
soluble (S) and insoluble (IS) fractions, both containing S*® 
antigen, were chromatographed on DEAE-cellulose columns 
using Na~phosphate buffer, pH 6. 3,and NaCl concentration 
gradient. Three peaks (S1, 2 and 3) were obtained from S 
with 260/280 my ratios of 0.67, 0.66 and 1. 90 respectively. 
S 2 and S 3 revealed on ultracentrifugation the presence of 
high molecular weight components (9, 12 and 17 S) besides 
albumin and globulin. On paper electrophoresis three 
components with anodic mobility faster than albumin in 
barbiturate buffer, pH 8.6, were obtained from § 3. All 
these components possess radioactivity of varying degree. 





019-030 ANTIGENS; 


Immunology 
FURTHER STUDIES ON DNA-CONTAINING ANTIGENS OF 
BRUCELLA. N. C. Palczuk”, O. J. Plescia and W. 
Braun*. Institute of Microbiology, Rutgers, The State 
University, New Brunswick, New Jersey. 

Phillips, Braun and Plescia (1957) reported that 0.5% 
phenol-extracted DNA-rich preparations of Brucella pro- 
duced antisera containing antibodies against DNAase-sen- 
sitive antigens. In confirming these findings, using 
complement-fixation and precipitation in gel for analyses, it 
became clear, after tests with >100 rabbits, that the fre- 
quency of production of these antibodies was less than 5%, 
With the help of appropriate antisera it was determined that 
not every DNA preparation, extracted by our procedure, 
contained DNAase-sensitive antigens and that the frequency 
of positive antisera was significantly increased by using pre- 
tested antigens. Digestion of the DNA-rich preparation with 
DNAase resulted not only in the loss of reactive antigens but 
aiso in the appearance of inhibitors of the reaction of anti- 
serum with DNAase-sensitive antigens. Attempts are in 
progress to fractionate the DNAase digest and to isolate and 
characterize the inhibitors chemically to give information 
regarding the antigenic groups of the DNAase-sensitive anti- 





gens. 
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RETENTION OF ANTIGEN IN THE SPLEEN OF IMMUNE AND IMMUNOLOGI- 
CALLY TOLERANT CHICKENS. A. A. Hirata* Nationa! Cancer 
Institute, Bethesda, Md., and California Inst. Technology, 
Pasadena. 

Previous studies have indicated that tissue retained anti- 
gens may be responsible for immunologic tolerance (J. Immunol, 
84 : 576, 1960). The present study was undertaken to compare 
the levels of tissue retained antigens in immune and tolerant 
animals. Newly hatched and 49 day old chicks were, injected 
with 56 mg of $35 labelled bovine serum albumin ($35-BSA) per 
kg body wt. Specific activity of the spleen, 1 day after 
injection, was significantly higher in the neonatal group 
compared with that in the rf day group. When a tolerance- 
eliciting dose of 1 g of $35-BSA per kg body wt. was injected 
into neonatal chicks, the specific activity of the spleen was 
proportionally higher. The disappearance of S$? from the 
spleen of the neonatal immune chicks was not as rapid as that 
of the 49 day group. However, the disappearance of S/? from 
the spleen of the neonatal tolerant chicks was just as rapid 
or more so compared with that of the 49 day group. 
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PURIFICATION OF ANTIBODY TO A GALACTOSYL- 
PROTEIN CONJUGATE. E.W. Bassett*, S.M.Beiser 
and S.W.Tanenbaum, crobiology Dep't.,Columbia 
Univ., N.Y. 

Arapid method has been developed for the 
purification of rabbit antibody to galactosyl- 
phenylazo bovine serum albumin (Gal-BSA). The 
procedure utilized precipitation with a hetero- 
logous antigen, galactosyl=-phenylazo human serum 
albumin (Gal-HSA) to remove antibody directly 
from the antiserum, After washing several gimes, 
the complex was easily dissociated with p-nitro- 
phenyl-§-D-galactoside.Most of the antigen was 
then removed by precipitation after adjusting 
the pH to 4.7.Excess hapten and residual antigen 
were separated from the antibody by chromat- 
ography on a Sephadex G-25 column employing 
phosphate buffer, pH 6.8, ionic strength0O.05 . 
The antibody thus obtained in ca.50% yield was 
96% precipitable with the homologous antigen. 
Electrophoretic studies showed a single peak 
with mobility characteristic for normal Y= 
globulin.Ultracentrifugation demonstrated the 
presence of 95% 7S component and 5% of a 20S 
component. 
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0 ANTIGENS; ANTIBODIES—Antibody Formation 


Physiology 


(SLLULAR LOCALIZATION OF RADIOACTIVITY FOLLOWING INTRAPERI- 
fONEAL INJECTION OF TRITIATED TETANUS TOXIN. R.S. Speirs, 
ppt. Anatomy, State University of N.Y., Brooklyn, New York. 

Antigen injected into immunized animals produces local 
gsinophilia, increase of RNA synthesizing cells and rapid 

hesis of antibody. Radioactive toxin was used to de- 
temine cells which take up antigen in immunized and control 

s. Tetanus toxin was tritiated (Wilzbach procedure) 

mi injected IP into immunized mice. Equivalent quantities 
of the H? Toxin were neutralized with immune serum and in- 
jected into controls, Autoradiograms were prepared of cell 
gspensions of peritoneal fluid, spleen, lymph nodes, thymus 
mi bone marrow. The peritoneal fluid of both groups con- 
ined radioactivity in neutrophils during the first day. 
pring the first 3 days after injection only slight differ- 
mes were observed in the number of labeled mononuclear cells. 
fovever, beginning on the 4th day, the number of these cells 
ws greater in both the peritoneal fluid and the spleen of 
the immunized mice. These cells were characterized by an 
inreased cytoplasmic basophilia and presumably were the 
lls responsible for the production of antibody. These 
aperiments lend support to the concept that antigen is 
pesent in cells synthesizing antibody. Supported by grant 
frm Atomic Energy Commission, 


Physiology 


THE IMMUNE RESPONSE IN ADRENALECTOMIZED RABBITS. 
tius L. Trapani, National Jewish Hospital, Denver, Colo. 
Previous studies in rabbits showed that certain environ- 
wntal and endocrine factors influence the immune response, 
as measured by circulating antibody (Trapani,I.L.,Fed. Proc., 
Suppl. V, Dec., 1960). The immune response is decreased by 
surgical thyroidectomy or chronic exposure to low temperature, 
ad increased by thyroxin treatment or chronic exposure to 
high altitude. The complexity of "immunophysiological" re- 
lationships has led to the present study of active and passive 
imunization in control and adrenalectomized rabbits. Homo- 
logous y-globulin (anti-bovine serum albumin (BSA)) was used 
for passive immunization. Rabbits were immunized by the S.C. 
injection of BSA (10 mg/kg) in Freund's adjuvant. Control 
and adrenalectomized rabbits showed no significant difference 
in the decay of passively administered antibody. Circulating 
antibody in adrenalectomized animals was not detectable until 
l4 days after active immunization, while controls showed high- 
er levels at 10 days. Average values and times of maximum 
circulating antibody were: 530 ugm Ab N/ml serum at 6 weeks 
and 370 pgm Ab N/ml serum at 8 weeks for the control and 
adrenalectomized groups, respectively. These data suggest 
that adrenalectomy decreases the immune response of rabbits 
imunized with BSA. (Supported in part by Grant CY-5188, 
MI, USPHS) 


Pharmacology 


TE PRODUCTION OF A RABBIT ANTISERUM TO HUMAN LEUKEMIA. 
Solomon Garb, Arthur A. Steirand George Sims*. Albany Medical 
tollege, Albany, N.Y. 

Normal human blood constituents injected into neonatal 
nbbits produced immunologic tolerance to the antigens in 
tormal human blood. At maturity, the rabbits were immunized 
with buffy coat from patients with myelogenous leukemia. Later 
the rabbits were challenged with intracutaneous injections of 
toth normal and leukemic buffy coat. The response to normal 
wify coat was negative, while the response to leukemic buffy 
tet was 44+, with extensive sloughing. Injections of the 
leukemic buffy coat into control rabbits which had not been 
imumnized gave a negative reaction. In Ouchterlony plates the 
strum of immunized rabbits, diluted 1 to 5, produced distinct 
lines against leukemic but not against normal buffy coat. 
Wss-over reactions were observed; rabbits immunized against 








tuffy coat from one patient reacted vigorously to buffy coat 
fron another. The degree to which leukemic buffy coet reacted 
vith the rabbit antiserum seemed related to the acuteness of 
te clinical picture. Thus it is possible to produce in rab- 
tits a high concentration of anti-leukemic antibodies with a 
‘ov, or absert concentration of antibodies to normal humen 
tastituents. A similar approach might be effective with 

wlid tumors. (Supported by U.S.P.H.S. Senior Research 
Kllowship Sfll and Grants CY 3904 end Cc 5054.) 


ane tae 





Pathology 


THE ISOHEMAGGLUTININ PARTITION IN RHEUMATOID ARTHRITIS. 
Arnold J, Rawson, Neva M, Abelson*™ and 3, i, Baterty’. Univ. 
of Pennsylva School of Med., Phila., Pa. 

By means of stepwise elution from DEAE-cellulose, serum 
proteins can be separated into 3 fractions which contain re- 
spectively¥> globulin, Boy (Y,) globulin, and By (¥ yy) 
globulin. the distribution of Pen isohemagglutinins in 
these 3 fractions has been studied (J. Immunol. 82:35, 1959). 
It has been found that normal Group 0 subjects tend to have 
higher isohemaggiutinin titers in the@’ and Bo, areas than 
do non-group 0 subjects. The latter appear to have isohemag- 
glutinin principally in the Boy area (J. Immunol. 85: 1960- 
in press). Group 0 rheumatoid patients have significantly 
lower titers of S7 isohemagglutinin (bothJ’> and Boy) than 
corresponding normals, whereas non-group O rhaumatoids show 
no such depression of titers. This phenomenon is not seen 
in patients with sarcoidosis, cirrhosis, gout or systemic 
lupus erythematosus. Experimental investigation suggests 
that the phenomenon is not a result of binding of isohemag- 
glutinin by the rheumatoid factors, and binding by other 
serum or tissue factors appears unlikely. The observations 
are construed as suggesting a hereditary abnormality of 
synthesis of S7 globulins in rheumatoid arthritis. 


Pathology 


GERMINAL CENTER TISSUE AND THE IMMUNE MECHANISM. C. C. 
Congdon. Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 

In previous work we have found that the germinal centers of 
the organized lymphatic tissues undergo the first histologic 
alterations discernible after antigen administration in the 
mouse. This has led to the hypothesis that the immune 
mechanism is a function of germinal center tissue. A further 
postulate is that diseases caused by malfunction of the 
immune mechanism are germinal center diseases. If the 
hypothesis is correct, then it should be possible to use 
alterations in germinal centers to decide whether a given 
phenomenon is of an immunologic nature or not. Earlier it 
was shown that tissue transplantation antigens cause a 
germinal center reaction in normal mice. Highly purified 
protein antigens such as BSA and egg albumen cause germinal 
center changes. Antigenic polysaccharides, endotoxin, killed 
bacteria, and red blood cells cause similar changes. In 
collaboration with T. Makinodan, we have shown that the 
germinal center alterations in normal mice precede the 
appearance of serum antibody to sheep red blood cells. It 
seems histologically as if the plasma cells which appear at 
the time of serum antibody are derived from the proliferating 
germinal center cells. 





, 


Pathology 


DELAYED ANTIBODY RESPONSE IN X-IRRADIATED RABBITS. Marvin B. 
Rittenberg*and Eric L. Nelson, Dept. of Bact., Univ. of 
California, Los Angeles, Calif. 

Two different concentrations of soluble, bovine serum 
albumin (BSA) were used to immunize rabbits 24 hrs after 
400 r x-radiation. One group of rabbits received 10 mg, 
the other group 100 mg. Anti-BSA antibodies were detected 
by the disappearance of circulating I*”*.BSA administered 
with the antigen (J. Immunol. 67;243, 1951) and by the am- 
monium sulphate technique of Farr (J. Inf. Dis. 103: 239, 
1958). Neither group of rabbits produced detectable anti- 
bodies by 12 days post-immunization. Subsequent bleeding at 
24 days revealed antibodies only in those animals which 
received 100 mg of antigen. At this point all animals were 
re-immunized with 10 mg of BSA. Only animals which had re- 
ceived primary immunization with 100 mg gave a secondary re- 
sponse. The elimination data indicate that there was suf- 
ficient persisting antigen in these animals to immunize them 
when recovery from x-ray induced immunologic depression 
occurred. The delayed antibody response in irradiated 
rabbits appears to be a function of the amount of remaining 
antigen available at the onset of the recovery period. 
(Supported by a grant #£-2298 from the National Institute 
of Allergy and Infectious Diseases. } 








Pathology 
HEMOLYSIN FORMATION IN RATS PASSIVELY IMMUNIZED WITH HOMOLO- 
GOUS ANTI-SHEEP ERYTHROCYTE SERUM. Mirdza Neiders,* Donald 
A. Rowley and Frank W. Fitch. Dept. of Pathology, University 
of Chicago, Chicago, Illinois. 

Rats were passively immunized with small doses of homolo- 
gous anti-sheep erythrocyte serum. 24 hours after passive 
immunization, circulating hemolysin titers were at levels 
considered "baseline" for the rat. Passively immunized rats 
challenged at this time with sheep erythrocytes had little or 
no hemolysin response while control rats had usual high hemo- 
lysin titers. Significant inhibition of antibody response 
occurred using a wide range of doses of antiserum and antigen. 
Inhibition of antibody response by antiserum occurred when 
rats were challenged intravenously, intraperitoneally or 
intradermally. These results account in part for two para- 
doxical findings: rats injected intravenously with tne same 
dose of sheep erythrocytes at 2 to 4 week intervals had pro- 
gressively lower hemolysin responses following each injection. 
Splenectomized rats injected intravenously with sheep erythro- 
cytes had very much lower hemolysin titers than intact rats; 
however, when these rats were challenged again by another 
route, the splenectomized rats responded with higher hemo- 
lysin titers than intact rats. With certain qualifications 
similar results were found using another antiserum - antigen 
system. (Supported by Grant H-5667, from the USPHS). 


Pathology 


HISTONE-LIKE BASIC PROTEIN COMPONENT (BPC) OF 
GAMMA GLOBULIN, Maurice M. Black* and Lois C. 
Lillick*,. N, Y, Medical Coll. N, Y., N. Y. 

Circular paper chromatography of human and animal 
serum with dilute acid solvent revealed a sharp band having 
Ry and staining properties (alkaline fast green) similar toa 
histone. Chromatograms of serum fractions indicated that 
BPC was associated with gamma globulin (GG), Treatment 
of human and animal GG with cold 0.25N HCl yielded a BPC 
which had histone-like physicochemical and antigenic proper 
ties. It appears that GG of different types are character- 
ized by a common component which is a histone-like basic 
protein. These data parallel the observations of Porter on 
papain digests of antibody gamma globulin. The present 
findings coupled with previous studies from this laboratory 
Suggest that the BPC of GG may be derived from lympho- 
cytes. 





Immunology 


A LAG IN THE MAXIMUM INCORPORATION OF S35 LABELED AMINO ACIDS 
IN CIRCULATING GA'MA GLOBULIN. D. W. Talmage A, Szentivanyi* 
and J. Radovicht, Univ. of Colo., Denver, Colorado. 

Na 3 an A were used to separate protein-free and 
disulfide-bound $35 activity from that incorporated by peptide 
bonds following the injection of S35 yeast hydrolysate into 
rabbits, rats and guinea pigs. Incorporation into serum 
proteins was found by this method {pom 20 to 30 minutes after 
the intravenous injection of the S35 amino acids. Using 
continuous flow electrophoresis, the relative specific 
activities of the various fractions were measured at one, , 
2, and 48 hours. The specific activity of gamma globulin 
doubled between and 2); hours, while that of the other 
fractions remained the same or decreased. This lag cannot 
be explained by differences between the turnover rates of 
gamma globulin and other serum proteins. Attempts to demon- 
strate specific reincorporation into gamma globulin of amino 
acids from breakdown of internally labeled serum protein 
fractions have been entirely negative in our hands. Attempts 
are being made to test two other possible mechanisms of the 
incorporation lag, a relatively slow flow of amino acids into 
gamma globulin producing cells and a delay in the excretion 
of gamma globulin by these cells. 
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RISE IN ANTIBODY ACTIVITY IN CELL-FREE SPLEEN PREPARATIONS, 


Dieter H. Stissdorf*. Division of Chemistry and Chemical 
Engineering, California Institute of Technology, Pasadena, 
Extracts from spleens of immunized rabbits showed, when 
incubated in vitro, an increase in hemolysin titer. The 
spleens of & or 5 rabbits, stimlated with primary or second. 
ary injections of sheep red cells, were pooled and extracted 
with a defined medium by homogenization and centrifugation 
at 1,700 x g. In the average, the extract of 9 gm spleen was 
contained in a final volume of 7 ml. The extract (cont 
the large and small granule fractions, and the soluble frac- 
tion) was incubated for 8 to 18 hours and its hemolysin leye) 
determined photometrically in 50% hemolytic units. Of 4 
extracts, 7 showed a significant elevation of hemolytic ac. 
tivity. As compared with the mean zero-time titer of 170 
units/ml, an average increase of 60 units/ml (50 units/gn 
spleen extracted) was observed. The titer began to rise 
after a mean lag period of 1 hour, reaching its maximm level 
about 8 hours later. In 5 cases, the titer increase was 
temporarily interrupted by a decline lasting 2 hours or less, 
The results suggest either the release of preformed antibody 
alone from a subcellular component, or the release of both 
preformed and newly synthesized antibody. 








Immunology 


EFFECT OF DOSAGE AND DELAYED INJECTIONS ON COMPETITION OF 
ANTIGENS. Peter Abramoff.* Department of Biology, Marquette 
University, Milwaukee, Wisconsin, 

The responses of chickens to single, simultaneous, and 
spaced injections of bovine serum albumin (BSA) and human 
Y- globulin (HGG) at a dosage level of 40 mg/kilogram body 
weight have been studied. Under conditions of simultaneous 
injection of BSA and HGG, HGG exercises somewhat of a 
selective advantage over BSA as shown by its significantly 
elevated mean total titer, whereas the antibody response to 
BSA approximates that of its control. Results of the 
experiment in which the injection of HGG was withheld until 
24 hours after that of BSA indicate that the antibody 
responses to both BSA and HGG were significantly reduced, 
The antibody responses to BSA and HGG in animals in which 
the injection of HGG was delayed for 48 hours approximate 
the responses of their respective controls. It appears that 
the character of the antibody response to simultaneous 
injections of BSA and HGG is dependent upon the relative 
"quality" of each antigen, although the response to 
individual antigens are regulated by the the parameters of 
dosage level and timing of injections, These results will 
be interpreted in the light of speculation and recent investi- 
gations of the heterogeneity of antibodies of terms of a 
natural selection theory of antibody production, 


















Immunology 


A STUDY IN HYPERIMMUNIZATION James J.A. Cavanaugh* and 
Sidney Leskowitz Massachusetts General Hospital, Boston, Mass. 
In an effort to distinguish between an "elective" and an 
"instructive" tneory of antibody formation, separate groups 
of rabbits were imnunized to maximal antibody production 
using two immunologically distinct antigens, bovine serum 
albumin (BSA) and human gamma globulin (HGG). The BSA and 
HGG were given intravenously as an alum precipitate or in- 
corporated into Freund's adjuvant and given into multiple 
sites. Groups of animals immunized with each antigen by 
both routes were compared to similar groups given both 
antigens simultaneously by the same routes. Overall antibody 
responses to each antigen were similar in maximal levels 
attained and time necessary to reach that maximum with 
either method of immunization. The immune response to one 
antigen was unaffected by the simultaneous response to a 
second antigen. 
Supported by a grant from the USPHS. 
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Immunology 


PRODUCTION IN VITRO BY SPLEEN AND BONE MARROW aT 
wRIOUS DAYS AFTER INJECTION OF ANTIGEN. GJ becke 
yssotsky™, a", and G,W, Siskind", New York 
jhiv. Sch. of Med., N.Y. 


Red and white pulp of the spleen, and bone marrow, were 
taken from rabbits at days 3, 5, 7, 9, li, and 13 after a 
single injection of bovine gamma globulin; abd at days 2, 3, 

i, 6, 8, and 10 after a booster injection of BGG, given 10 

iays or 4 weeks after the first injection. Weighed amounts 

of minced tissue were cultured for 24 hours in 2 ml. of modi- 
fied Eagle's medium, anti-BGG titers of the culture fluids, 
pasured by passive hemagglutination, were compared with 

titers of extracts of similar amounts of tissue. Peak of anti 
body production in the spleen occurred at day 5 after the 
injection, and at days 2 to 4 after the secondary in- 

The red pulp was the major site of antibody produc- 
tion in the spleen. Bone marrow formed antibody only during 
the secondary response, after a single injection of Brucella 
yecine, both spleen and bone marrow formed antibody on days 
oto 4. Total gamma globulin formation by splenic tissue 
in vitro, measured as previously described (J. Exp. Med., 112, 
28, 190), is enhanced during antibody formation. The re- 
gilts were correlated with histologic changes in the spleen, 


jection. 


Immunology 


(Sf OF O.1 yw DIFFUSION CHAMBERS FOR PRIMARY AND SECONDARY 
MGLUTININ RESPONSES BY SPLEEN CELLS. Elmo E. Capalbo*, Paul 
trso*, and W. D. Gude*, Biol. Div., Oak Ridge Natl. Lab., Tenn 
“To study systematically cellular changes during antibody 
formation we used the diffusion chamber method. Contrary to 
apectation, we found that hematopoietic cells were permeable 
150 p thick millipore filters with an average porosity of 
145 pb or greater, but impermeable to those with a porosity of 
jl por less. We then found that nonirradiated recipient mice 
dways responded when chambers even with a porosity of 0.1 yu 
ontaining only the RBC antigen were implanted, but recipients 
pretreated with 500 r or greater failed to respond. There- 
iter spleen cells from nonimmunized and preimmunized donors 
wre cultured with the test antigen in chambers of 0.1 yu 
prosity which were implanted intraperitoneally in 500 r-mice. 
inthis manner we detected primary antibody formation by 
fsologous, homologous and even heterologous spleen cells. In 
wesence of the test antigen a 2-fold decrease in the genera- 
tl time of H3-thymidine labeled spleen cells was detected. 
the mitotic index and the percent immature lymphoid cells 
inreased from 0 to 5 days, and antibodies were first detected 
in the chamber fluid on day 3. Further studies are now being 
wrformed to determine whether these cellular changes are 

tmly associated with antibody formation. 





Immunology 


BYECT OF TIME OF ANTIGEN INJECTION ON THE ANTIBODY RESPONSE 
W TRANSPLANTED ISOLOGOUS SPLEEN CELLS. Eugene H. Perkins* and 
lartha A, Robinson,* Biol. Div., Oak Ridge Natl. Lab., Tenn. 
Tt is known that lethally irradiate mice can be protected 
injection of optimal numbers of genetically compatible 

pleen cells and that precursor cells divide and differentiate 
into erythrocytes, granulocytes and agranulocytes. Among these 
ells are the competent antibody-forming cells. To have a 
etter understanding of cellular division and differentiation 
Wetors among antibody and non-antibody forming cells, sheep 
® antigen was injected 0, 1, 2 or 5 days after transplanta- 
‘ton of spleen cells from normal or sensitized donors into 
tthally irradiated isologous recipients. We found that the 
time of antigen injection relative to the time of transplanta- 
lon of normal spleen cells is of critical importance. Primary 
utibody response was maximal when antigen was injected immedi- 
ely after transfer of spleen cells but when antigen was in- 
feted 1, 2 or 5 days after cell infusion the response de- 
teased proportionately. In contrast, spleen cells from sensi- 
‘ued donors showed no decrease in antibody-forming activity 
ag 5 days after injection. These results show that during 
te critical period in lethally irradiated mice infused normal 
Yleen cells capable of responding to the test antigen 

ferease with delay in antigen injection. 








Immunology 


BLOCKING TYPE AGGLUTININS IN NEONATAL RATS RESULTING FROM 
INJSCTION OF ADULT RAT SPLENIC CELLS SENSITIZED IN VITRO WITH 
BRUCELLA ANTIGEN. Benjamin Wolf* and Israel Live. School of 
Vet. Med., Univ. of Pa., Phila., Pa. 

Isolated splenic celis from Wistar rats, sensitized in 
vitro with extracts of Brucella abortus, brought about block- 
ing-type antibody formation in homologous neonatal rats., Ex- 
periments were performec in which approximately 200 x 106 
splenic leukocytes/0.5 ml from random donors were adsorbed fer 
90 minutes at 37° C with a crude extract from sonically dis- 
rupted brucellae (concentration adjusted to the equivalent of 
10 original brucellae/1 splenic leukocyte). After the excess 
antigen was removed by three washings, the cells were injected 
intraperitoneally into 0-3 day old rats. The recipients were 
exsanguinated in 6-8 days. Although serial serum dilutions 
revealed no antibody on incubation at 37° C for 2 days, agglu- 
tinins were demonstrable after centrifugation at 3500 RPM for 
30 minutes (titers 1:80-1:160). Ths Coombs anti-globulin test 
was performed on the same sera witn positive results, which 
further confirmed the presence of blocking antibody. Aggluti- 
nins were also detectable in hemagglutination tests, in which 
tannic acid-treated erythrocytes coated with brucella extracts 
were used. No antibodies were demonstrable in the sera of 
litter mates injected with identically treated sonically dis- 
rupted leukocytes. 


Immunology 


SIGNIFICANCE OF MITOSIS AND MATURATION IN SECONDARY PRECIPITIN 
RESPONSE. Paul Urso* and Takashi Makinodan. Biology Division, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

H3-thymidine labeled spleen and popliteal lymph node cells 
from rabbits preimmunized against BSA were cultured in presence 
of the antigen in 0.1 p diffusion chambers implanted intra- 
peritoneally in 600-r mice and 450-r young rabbits. The 
following changes were observed. (1) A 2-fold increase in the 
number of labeled cells occurred from 6 to 24 hr. (2) Cells 
undergoing mitosis increased during the first 72 hr. (3) Blast, 
transitional and proplasma cells increased during the 2 to 5 
day incubation period. (4) Antibody-forming cells were first 
seen after 2-3 days' incubation with the peak occurring at 6-8 
days. (5) Before antibodies are characteristically distributed 
diffusely throughout the cytoplasm, they were detected as an 
island in the (a) nucleus (most likely the nucleolus), (b) the 
nucleus and the Golgi region of the cytoplasm, or (c) the 
Golgi region. (6) Of the total antibody-containing cells, 3.5% 
were either binucleated cells or cells in mitosis. These 
results demonstrate that not only are cellular division and 
maturation associated with antibody formation but that dividing 
cells are capable of synthesizing antibodies. Furthermore, the 
data suggest that intracellular sequence of sites of antibody 
formation is from the nucleolus to the Golgi region and then 
diffusely throughout the cytoplasm. 





Immunology 


THE TRANSFER OF ANTIBOTY PRODUCING CAPACITY FROM INTESTINAL 
TO OTHER LYMPHATIC TISSUE. Richard S. Farr and Winifred 
Dickinson.* Univ. of Pittsburgh School of Medicine. 

Rabbits fed 0.1% bovine serum albumin (BSA) daily in the 
drinking water produced circulating anti-BSA. Under these 
circumstances, antibody production was probably initiated by 
lymphatic tissue associated with the gut (Fed. Proc. 19:199, 
1960). After 70 days of oral BSA the amount of circulating 
anti-BSA reaches a relatively steady state as measured by 
precipitating zi3 BSA-antibody complexes with ammonium sul- 
fate. When such rabbits were challenged with 50 mg BSA i.v., 
a typical anamnestic response was observed and circulating 
anti-BSA levels were 7-30 times higher than are observed dur- 
ing the primary response of normal rabbits to 50 my BSA i.v. 
Studies have been initiated to localize the antibody produc- 
ing cells by means of the fluorescent antibody technique. 
Preliminary results indicate that prior to i.v. stimulation 
of orally immunized rabbits, antibody containing cells were 
occasionally seen in the intestinal wall; but 7 days follow- 
ing a single i.v. injection of BSA in these animals, sections 
of spleen, lymph node and intestinal lymphatic tissue gave an 
appearance similar to that seen in the secondary antibody re- 
sponse with fluorescent microscopy. Mechanisms which could 
account for the presence of antibody containing cells in non- 
intestinal lymphatic tissue under these conditions will be 
discussed. 











Immunology 


TIME FOR DOUBLING OF SERUM TITER DURING THE ANAMNESTIC 
RESPONSE TO SULFANILAZO-BOVINE GLOBULIN. Joseph S. Ingraham. 
Indiana Univ. School of Med., Indianapolis, Ind. 

Titers of serum antibody against a variety of antigens have 
been observed to rise exponentially for 1 to 2 days during the 
anamnestic response with times of doubling as short as 5 1/2 
hr. To extend these observations to a "bland", soiuble anti- 
gen, rabbits were reinjected with sulfanilazo-bovine globulin 
and small bleedings taken several times a day. Titers for 
both anti-sulfanilazo and anti-bovine globulin were done by a 
50% photometric endpoint rate-of-settling agglutination method 
using antigen attached to formalinized human red cells, For 
several animals the data were sufficient to indicate an ex- 
ponential rise of titer lasting 20 to 30 hr. Times for 
doubling of titer were from 3.3 to 10 hr. with the shorter 
times in animals which had had a larger number of previous in- 
jections. This rate of increase could not be accounted for 
by multiplication of cells with a generation time of 12 hr, 
as has been reported for mammalian cells. These observations 
suggest: a shorter generation time for the pertinent cells 
in vivo, increase in efficiency of synthesis per cell, in- 
crease in efficiency of antibody per molecule or an auto- 
catalytic activation of previously altered cells. (Supported 
by grant #£1515 from the 'SPHS.) 








Immunology 
EFFECT OF 6-MERCAPTOPURINE (6-MP) ON ANTIBODY PRODUCTION, 


R.M, Condie+, W.I. Mennis* and Caro Miller*. Pediatric 
search Laboratories of the Var ty Club Heart Hospital, 


University of Minnesota, Minneapolis, 

Prevention of the secondary immune response to BSA with 6-MP 
suggested that this purine might produce its effects at least 
partially through blockade of antibody production.To test this 
possibility, rabbits were injected daily with BSA for a period 
of 40 days. On the 28th day of antigenic stimlation, daily 
injections of 6-MP were initiated along with antigen stimula- 
tion and continued for 8 days, The antigen binding capacities 
as well as precipitating antibody levels of serums were deter- 
mined on the 7th, lth, 21st and 28th day before 6-MP treat- 
ment and on the 2nd, 6th, 9th and 12th day during and after 
6-MP administration, Conclusions of this study are (1) 6-MP 
can act by blocking antibody production in the hyperimmnized 
rabbit, and (2) this finding is best illustrated when 6-MP 
treatment is accompanied by daily injections of antigen which 
serves to eliminate prior formed circulating antibody, 

(Aided by grants from U.S.P.H.S., Minnesota Heart Association, 
American Heart Assoc., Graduate School Univ. of Minnesota. ) 


Immunology 


PHYLOGENY OF THE IMMUNE RESPONSE.I: THE AGNATHAN, POLYSTOTREMA 
STOUTI. R, A. Good and W. Papermaster*. University of 
Minnesota Medical School, Minneapolis, Minn. 


Teleosts, Elasmobranchs, and Amphibians have been studied 
with regard to antibody formation, plasmacytosis and histocom 
patibility reactions.The observation that the agnathan hagfish 
(Myxinoidea) is the first animal with specialized hematocyto- 
poietic tissue, a spleen diffusely located in the gut tract, 
prompted us to extend immunophylogenetic characterization to 
this primitive vertebrate. Specimens of the Pacific hagfish, 
Polystotrema stouti, obtained from Dr. David Jensen, Scripps 
Institute, LaJolla, were divided into groups. Group I was giv- 
en BSA, Group II, BSA in adjuvant, Group III, actinophage. No 
antibody was detectable. Immnoelectrophoretic studies indi- 
cated lack of serum gamma globulin, Morphologic studies failed 
to reveal plasmacytic development in immnization sites, gut 
tract, or peripheral blood.In Group IV, reciprocal skin grfts, 
brown to brown, and piebald to brown, gave no signs of rejec- 
tion grossly or after examination of graft bed microscopically. 
These observations permit the conclusion that in contradistino- 
tion to the next highest form, Elasmobranchs, hagfish are 
funct agammaglobulinemic by the above criteria and lack 
the ability to respond in an immunologically specific manner. 
(Aided by grants from U.S.P.H.S., Minnesota Heart Association, 
and American Heart Association. ) 








Immunology 
ROLE OF THYMUS IN DEVELOPMENT OF THE IMMUNE RESPONSE, 
Olga Archer* and J, C. Pierce*. Univ. of Minn. Med. Sch., 
Minneapolis, Minn. 

MacLean, Zak, Varco and Good (1957) reported that removal 
of the thymus in the adult rabbit had no significant effect op 
antibody production, Subsequently, it was demonstrated that 
removal of the bursa of Fabricius, a lymphoid organ of the pos. 
terior gut, in the newly hatched chicken resulted in 
ic deficiency of the mature animal (Mueller, Wolfe and Meyer, 
1960), This suggested that thymectomy of the neonate might alp 
cause immunologic deficiency of the mature animal. In the prep. 
ent investigation, rabbits 5-7 days old were thymectomized, 
Sham-operated and non-operated rabbits were included in each 
litter as controls, At 6-9 weeks of age each rabbit was chal. 
lenged intravenously with 50 mg./kg. BSA and bled at weekly 
intervals for three weeks thereafter, The serum was tested for 
the presence or absence of antibody by the capillary precipi. 
tin method, Then each rabbit was sacrificed and examined for 
the presence or the absence of the thymus. 7/7 thymectomised 
animals failed to show any antibody response to BSA in any of 
the three bleedings, whereas 9/11 sham and untreated aninals 
showed a normal antibody response. Conclusion: the thymus is 
necessary for the normal development of the immune response in 
the rabbit. (Aided by grants from U.S.P.H.S., Minnesota and 
American Heart Associations. ) 


Immunology 
EFFECT OF BACTERIAL LIPOPOLYSACCHARIDES ON HEMOLYSIN FORMATION 
IN MICE. Robert E. Franzl* and Philip D. McMaster. The 
Rockefeller Institute, New York, N.Y. 

The administration of endotoxin produces a biphasic change 
in the phagocytic activity of the reticulo-endothelial system 
(RES). In order to elucidate the role of the RES in antibody 
(Ab) formation, the effect of endotoxin on the production of 
sheep erythrocyte (RBC) hemolysin was investigated. Mice were 
treated with non-lethal doses (1-50 »g) of S.typhosa lipopoly- 
saccharide (LP) before, during, and after a single intravenous 
(IV) or intraperitoneal (IP) injection of 0.1 ml of 1% washed 
RBC. The serum hemolysin was estimated daily over a period of 
two weeks. Both the shape of the Ab response curves and the 
effect of LP on hemolysin production were found to be depend- 
ent upon the injection route employed. Administration of LP 
(IP or IV) 48 hrs. before RBC(IP) resulted in a marked inhibi- 
tion of hemolysin formation. 
ished when the time interval between LP(IP) and RBC(IP) was 
shortened, and was increased under the same conditions if LP 
(IV) were employed. Simultaneous IP injections of LP and RBC 
produced an enhancement of Ab synthesis. These preliminary 
findings indicate that IP and IV injection of a particulate 
antigen may give rise to different sites of Ab synthesis whicli 
may vary in their sensitivities to the effects of endotoxin. 
Partially supported by USPHS grant E-3297(R1). 
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TERMINATION OF TOLERANCE TO BOVINE SERUM ALBUMIN(BSA) 
IN RABBITS. W.O.Weigle, U.Pgh. School of Med., Pgh., Penna. 

Mature rabbits made tolerant to BSA by neonatal injections of BSA 
lost their tolerant state when injected with certain heterologous albu- 
mins which cross-react with anti BSA. The ability of a heterologous 
albumin to cause loss of tolerance in BSA-tolerant rabbits depended 
upon the degree of serological relationship between the heterologous 
albumin and BSA. Heterologous albumins distantly related to BSA were 
more effective in producing a loss of tolerance than albumins closely 
related. Twelve of 14 BSA-tolerant rabbits lost their tolerance follow- 
ing injections of sheep albumin. Human and sheep albumin cross- 
reacted 15-75%, respectively, with rabbit anti BSA. Two of 5 BSA- 
tolerant rabbits lost their tolerance following injections of pig albumin 
which cross-reacts 32% with rabbit anti BSA. Injections of BSA-tolerant 
rabbits with heat denatured BSA or acetylated BSA failed to cause loss 
of tolerance. In addition, the BSA-tolerant rabbits injected with sheep 
albumin, heat denatured BSA or acetylated BSA failed to make an anti- 
body response to the determinants present on these proteins which were 
not related to BSA. It appears that tolerance to serum protein antigens 
is not only based on the recognition of individual determinants, but 
also on the overall antigenicity of the protein. 
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Immunology 


|MMUNOLOGICAL UNRESPONSIVENESS IN INBRED MICE, GW. SISKIND* 

GJ. Thorbecke. Depts. of Med, and Path., New York 
University School of Medicine, New York, N.Y. 

The effect of exposure of newborn A/Jax mice to bovine 

globulin was studied by means of passive hemagglutina= 

tion and Ouchterlony plate analysis on sera obtained from 
nice after challenge at a specified age. Relatively high 
doses of BGG (30 mg.) given intraperitoneally to newborn 
nice induced unresponsiveness upon challenge with BGG at 
gout 40 days of age. This state of unresponsiveness 
decreased with time. On the other hand, mice receiving 
a relatively low dose of BGG (1 mg.) at birth, exhibited an 
anamnestic antibody response when tested at 50 days of age. 
In the latter mice the state of sensitization was preceded 

immunological unresponsiveness as shown by the results 
of challenge at 2 weeks of age. Thus, the condition of 
immunological unresponsiveness to a protein antigen elicited 
at birth appears to be phenomenologically comparable to the 
state of immunological paralysis described by Felton for 
adult ~ice receiving pneumococcal polysaccharide. In both 
situations mice become sensitized when presented with a low 
dose and unresponsive when presented with a high dose of 


antigen. 
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THE EFFECT OF 5-BROMODEOXYURIDINE ON AN ENTIRELY IN VITRO 
SECONDARY ANTIBODY RESPONSE. ‘Thomas F. O'Brien.* Dept. of 
Bacteriology, Harvard Medical School, Boston, Mass. 

A solution of 12 mg BSA and 100 Lf diphtheria toxoid was 
injected once into each hind footpad of 5 rabbits. Three 
mnths later each animal's popliteal lymph nodes were sliced 
into small fragments and given a secondary stimulus in vitro 
by incubation for two hours in a medium containing BSA 0.5 
ng/ml and diphtheria toxoid 5 Lf/ml. They are then washed 
three times and implanted in plasma clot roller culture tubes 
containing Eagle's medium with 25% rabbit serum (Michaelides, 
M. C., Fed. Proc. 16: 426, 1957). Medium was changed every 
three days. Antibody titers (tanned erythrocyte hemagglutina- 
tion) rose sharply in these tubes from Day 3 to Day 6 and fell 
off slowly in the following two weeks. When 5-bromodeoxyuri- 
dine (100 y.gm/ml) was incorporated into the medium before the 
second day of culture and continued thereafter, detectable 
antibody formation was completely suppressed. Exposure to the 
compound begun on the second or third day resulted in a reduc- 
ed rate of antibody production, as in the system described by 
Dutton et al. (Biochem. J. 75: 230, 1960) but this production 
persisted for over a week, declining slowly. No suppression 
occurred if 5-bromodeoxyuridine was added only after the 
fourth day. 
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IMMUNCLOGIC RESPONSE OF YOUNG RABBITS TO SHIGELLA ANTIGEN 
S. Harris, T.N. Harris, C.A. Ogburn* end M.B. Farber* 
thildren's Hosp. of Phila. and Univ. of Penna., Phila., Pe. 
The response of newborn rabbits to antigen derived from 
Shigella paredysenteriae hes been studied by direct injection 
of the antigen, and by transfer of their lymph node and 
splenic cells. When cells of lymph nodes or spleens of young 
rebbits were incubated in vitro with Shigella-trypsin fil- 
trete and transferred to irradicted 1-Ko. recipients, no ag- 
glutinins to Shigella could be detected subsequently in the 
sera of the recipients if the donors were less than 1 month 
of age. Thereefter a progressive rise in maximel antibody 
level of recipients wes found with increasing age of the do- 
hors, until an age of approximately 3 months. Donor rabbits 
injected with Shigella yielded cells which, again, were in- 
effective in the case of donors in the first month of life. 
Thereafter the effectiveness of the cells increesed rapidly 
with increasing age of donor. On active "immunization" of 
young rabbits with Shigella-trypsin filtrete eat an edequete 
dosege level, acglutinins were detected only efter the first 
month of life. Other young rabbits, injected with elum-pre- 
tipiteted bovine gamma globulin, showed enti-ByG hemag- 
glutinat ion occasionally if injected as early es 3 days of 
#9) and requlerly if injected after the first week of life. 
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A CHEMICAL DIFFBRENCB IN THB ACTIVB SITES OF TWO ANTIBODIES. 
M. B, Koshland, F, M, Bnglberger* and S. M, Gaddone*, Biology 
Dept., Brookhaven National Laboratory, Upton, New York, 

The active site of antibody directed against the negatively 
charged phenylarsonic acid group contains tyrosine. The evi- 
dence is: (1) iodination destroys activity under conditions 
in which only tyrosyl and histidyl residues react; (2) de- 
struction is prevented by the presence of specific haptene; 
(3) 3/4's of the histidyl residues can be photo-oxidized with- 
out significant effect on activity; (4) iodination subsequent 
to photo-oxidation causes loss of activity by the modification 
of only tyrosyl residues. To determine if tyrosine is requi- 
site for all immunological activity, experiments were con- 
ducted to label with 1131 the active site of antibody against 
the positively charged phenyltrimethylammonium group, It was 
found that the procedure used to destroy 75% of the anti-anion 
antibody activity affects the anti-cation antibody activity by 
less than 10% as measured by both the quantitative precipitin 
test and equilibrium dialysis, These data indicate that the 
active sites of the two antibodies differ in their tyrosine 
content, (Supported by U. S. Atomic Energy Commission.) 
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EFFECT OF SPLENECTOMY ON THE PRIMARY AND SECONDARY RESPONSE 
TO BSA, Harold R. Wolfe and Grace D, Link,* Univ. of Wis., 
Madison, Wis, 

Chickens were splenectomized at 4, 9 or 17 weeks of age, 
A single intravenous injection of bovine serum albumin was 
made at the age of 6, 12 or 22 weeks respectively, The 
experimental animals gave a delayed response but maximum 
titers did not vary greatly from the controls, Reinoculation 
with a single intravenous injection was followed by a delayed 
and reduced response in splenectomized animals, Animals 
splenectomized 5 weeks following a primary inoculation showed 
a lower production of antibody, Another experiment compared 
the subcutaneous and intravenous routes of injection, 
Controls subcutaneously injected responded about as well as 
intravenously inoculated controls, but circulating antibody 
appeared one day later, Splenectomy resulted in a delayed 
response regardless of the route of injection, 
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EFFECT OF VARIOUS PHARMACOLOGICAL AGENTS ON THE SECONDARY 
ANTIBODY RESPONSE TO DIPHTHERIA TOXOID IN MICE. William T. 
Butler.* Dept. of Bacteriology, Harvard Med. School, Boston. 
Adult mice received subcutaneous injections of 20 Lf diph- 
theria toxoid 40 days apart. Various drugs, some of which were 
known to depress the primary antibody response, were adminis- 
tered following the second antigen injection until the 10th day 
of the dary resp » when hemagglutination titers were 
measured. Each drug group contained 10 mice and drug injec- 
tions were given intraperitoneally, three times daily. The 
drugs employed and their corresponding doses in mg/kg/day were: 
Actinomycin D (0.02), Chloramphenicol (1100.0), Mitomycin C 
(1.0), Busulfan (7.4), ThioTEPA (4.6), Amethopterin (1.2), 6- 
mercaptopurine (4.0), Guanazola (75), Ethidium bromide (7.5), 
Colchicine (9.3), 4-nitroquinoline-N-Oxide (50), 5-methyl DL 
tryptophan (500.0), Hydrocortisone (15.0), EDTA (370.0), and 
Chlorpromazine (7.5). The results showed that none of the 
drugs inhibited antibody formation in the dosages used. Slight 
depression in average group titers occurred in the amethopter- 
in, 6-mercaptopurine, actinomycin D, and 4-nitroquinoline 
groups, and slight elevation occurred in the ethidium bromide, 
EDTA, and mitomycin C groups, when compared with the control 
group averages. These results suggested that drug dosages ef- 
fective in inhibiting the primary antibody response were less 
effective in significantly altering the dary resp ° 
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INCIDENCE OF MOUSE ASCITES INDUCED BY ADJUVANT AND/OR STAPHY- 
LOCOCCAL-ADJUVANT MIXTURES IN 17 DIFFERENT STRAINS OF MICE. 
R, Lieberman* and N. Mantel.* Natl. Insts. of Health, 
Bethesda, Md. 

Ascites in immunized mice is known to provide large 
amounts of high titered antibody from individual animals over 
protracted periods of time. A lack of uniformity in produc- 
tion of ascites exists in different strains of mice. The 
incidence of ascites, the amount of ascitic fluid produced, 
time of appearance of ascites and survival to treatment 
are reported for 11 inbred and 6 hybrid strains of mice. En- 
ploying the recommended dosage of paraffin oil adjuvant alone 
or mixed with Staphylococcus aureus, 92% of 36 AL/N strain of 
mice tested in 3 separate experiments developed ascites and 
540 ml of ascitic fluid was obtained in a 9 month period with 
an average yield per mouse for first 3 months of 6.4 ml, next 
3 months of 3.1 ml and last 3 months of 5.5 ml. Percent sur- 
vival after first 3 months was 81, after 6 months 56 and after 
9 months 42, S. aureus~adjuvant mixtures induced ascites 
earlier than adjuvant alone. Of 83 BALB/cAnN mice tested in 
6 different experiments for the same length of time, 38% de- 
veloped ascites but only 64% survived after first 3 months. 
Total yield for 9 months was 484 ml. Several of these mice 
developed plasma cell tumors after 6-8 months. Of 35 CDF, 
mice tested 16% developed ascites and yielded 63 ml of fluid. 
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TRITIATED THY MIDINE INCORPORATION BY ANTIBODY PRODUC- 
ING CELLS DURING THE SECONDARY RESPONSE IN THE RABBIT, 
R.N.Baney*, J.J. Vazquez, F.J. Dixon. U.Pgh. School of Med., 
Pittsburgh, Penna. 

In order to determine to what extent antibody producing cells appear 
as a result of active cellular proliferation after antigenic stimulation, 
rabbits undergoing a secondary response to bovine gamma globulin were 
given tritiated thymidine at six hour intervals from time of booster in- 
jection until sacrifice four days later. At sacrifice, cytologic prepara- 
tions from the spleen were stained to show antibody containing cells by 





the Coons technique and representative fields were recorded photographi- 
cally. The preparations were then processed for radioautographic studies 


and the same fields studied previously by fluorescence microscopy were 
photographically recorded. With this approach it was possible to deter- 
mine whether a given cell contained antibody and at the same time had 
incorporated labelled thymidine. At least 95% of cells containing anti- 
body also had incorporated tritiated thymidine, while only 20% of non- 


antibody containing splenic cells were radio-active. The stage or stages 


at which these antibody forming ceils incorporated labelled thymidine is 
not as yet determined. Further interpretation of these findings along 
with results from an attempt to demonstrate incorporation of labelled 
thymidine by antibody containing cells in vitro will be given. 
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Biochemistry 
STUDIES OF ANTIBODIES FORMED BY SPECIFICALLY UNRESPONSIVE 
RABBITS. C.F. Crampton, A. L. Godbey* and A. Wall.* Depts. 
of Pathol. and siete J. Hillis Miller Health Center, 
Gainesville, Florida. 

Immunological unresponsiveness was employed to restrict 
the heterogeneity of antibodies formed in response to azo- 
proteins. One approach took advantage of the radiosensi- 
tivity of the "primary phase" of antibody formation. The 
abilities to form either anti-Ars or anti-BGG were initiated 
by single injections of 60 mg of arsanil-azo-human serum 
albumin or -hovine gamma globulin. Beginning 72 hr after 
500r of Co” total body irradiation, the respective abilities 
were stimulated by 5 semiweekly injections of ArsAzoBGG. 

The antibodies formed were directed largely against the 
determinants encountered prior to irradiation, The pre- 
dominant specificity was similarly affected by primary in- 
jections of the respective antigens in unirradiated controls. 
The findings are difficult to reconcile with the concepts 
(A) that antibody formation results from the natural selec- 
tion of preexisting abilities, and (B) that the secondary 
response depends upon a facilitated localization of the 
reinjected antigen by small amounts of antibody produced 
after the primary injection. (Supported by NIH Grants 
E-1296 and E-3438.) 
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PAPAIN DIGESTED RABBIT ANTI-HUMAN GAMMA GLOBULIN ANTIBODY Fry 
TIONS. Zoltan Ovary. Dept. of Pathology, New York Univ., yy 

Rabbit anti-human globulin fractions containing the anti. 
body combining site (I and II) are unable to give PCA re- 
actions or reverse PCA reactions (with horse or sheep anti« 
rabbit gamma globulin antibodies), The fraction devoid of 
antibody combining site (III) gives reverse PCA reactions 
with the latter sera. Fractions I and II injected together 
with the intact antibody prevent the PCA reaction of the in 
tact antibody if the challenge is made 2 hours later, but not 
if it is made 6 hours later. It was concluded that I and I] 
compete for the antigen with the intact antibody, but 
stay less time at the injection site. In double diffusion 
agar plates (Ouchterlony) not only fraction III but also I ay 
II show a line against horse or sheep anti-rabbit gamma 
globulin; however, these two lines cross each other completely 
and present a picture of non identity. The lines fuse com 
pletely with that of the intact antibody. Fractions I and I] 
fail to show a line, intact antibody and fraction III show 
lines of identity against chicken anti-rabbit gamma globulin, 
Fractions I and II fail to fix C', but they are able to pr. 
voke reverse PCA with intradermally injected human ganma glo 
bulin. It was concluded that the "fixation site" to guinea 
pig tissues is on fraction III and that monovalent antibody 
fractions (I and II) are wble to provoke reverse PCA. 
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INHIBITION OF THE REACTION BETWEEN PERFORMIC-ACID OXIDIZED 
RNASE AND ITS ANTIBODY BY PEPTIDE FRAGMENTS. Ray K. Brown* 
and Robert Delaney*. Division of Laboratories and Research, 
New York State Dept. of Health, Albany. 

Rabbit antibody to performic-acid oxidized bovine RNase A 
gave a single band of precipitation upon single or double 
diffusion in agar against its antigen. No supernatant solu- 
tions from a precipitin curve reacted with both antigen and 
antibody. The antibody did not react with RNase A but cross- 
reacted with RNase, the disulfide bonds of which were reduced 
by thioethanol and blocked with iodoacetic acid. Trypsin- 
digested antigen did not precipitate or fix complement with 
antibody but inhibited the reaction between antibody and in- 
tact antigen. Digests of antigen with trypsin, chymotrypsin, 
and pepsin were 25, 14, and 2% as active as intact antigen, 
Performic-acid oxidized human serum albumin digested with 
these enzymes was inactive in this system. A major portion 
of the inhibitory activity was dialyzable under conditions 
where the intact antigen was not. Peptides from trypsin di- 
gests of performic-acid oxidized RNase were isolated by elec- 
trophoresis and chromatography on paper and Dowex 50-X2. Some 
of the larger peptides inhibited the reaction. At the con- 
centrations tested, the small peptides and certain of the 
larger peptides did not inhibit the reaction. 
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THE N-(D-BENZYLPENICILLOYL) GROUP AS AN ANTIGENIC 
DETERMINANT IN RABBITS IMMUNIZED WITH BENZYLPENICILLIN. 
Bernard B. Levine.* Dept. of Pathology, New York 
University School of Medicine. 

Rabbits were immunized by injection either of benzyl- 
penicillin or of a mixture of benzylpenicillin and 
rabbit serum in complete Freund's adjuvant. The rabbit 
antisera were tested for antibody with a conjugated 
protein prepared by reacting human y-globulin with D- 
benzylpenicillenic acid, a rearrangement product of 
benzylpenicillin. Chemical analysis of this conjugated 
protein indicated that N-(D-benzylpenicilloyl) groups 
were irreversibly bound to human y-globulin. The sera 
were tested in vitro by ring precipitation, quantitative 
precipitation, double diffusion in agar (Ouchterlony) , 
and tanned RBC hemagglutination, and in vivo by PCA re- 
action in guinea pigs. In every case, specific react- 
ions between rabbit anti-penicillin sera and the con- 
jugated protein antigen were observed. Both PCA and 
quantitative precipitation reactions were specifically 
inhibited by crystalline monosodium D-d-benzylpenicill- 
oate. These data indicate that such antigens may be 
used as reagents to detect anti-peniciliin antibodies. 
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Immunology 


[HIBITION WITH SIMPLE SUGARS OF HEMAGGLUTINATION OF RED 
(HLLS MODIFIED WITH SALMONELLA ANTIGENIC PREPARATIONS. 
Truszczynski* and Edgar E. Baker, Boston Univ. School 

of Med.» Boston, Mass. 

Hunan O HEC were sensitized with Westphal type poly- 
gccharides or water extracts of strains of S. typhosa, S. 

yttmlleri and S. strasbourg. For inhibition tests, the 
highest dilution of rabbit antiserum which still gave hema- 
glutination (HA) was used. One drop of serum dilution was 
nixed with 1 drop of sugar solution, incubated 1 hr., sen- 
sitized RBC added and incubation continued for 2 hrs. A 
mrked decrease in HA was considered to be inhibition. It was 
fod, using RBC sensitized with a water extract and Westphal 
prep. of strain 0-901 and 0-901 antiserum, that D-glucose, D- 
ylose, D-mannose, maltose, sucrose, turanose, trehalose, 
monitol, s@licin, cellobiose, melezitose, D-galactose and 
thamose were inhibitory. L-galactose, D-fructose, D-gulose, 
I-fucose, D-anéd L-srabinose, L=-mannose, D-lyxose, melibiose, 
sorbitol and dulcitol did not inhibit. D-glucose was most 
inhibitory. Many of the inhibitory sugars had structures re- 
lated to glucose or to part of the glucose structure. Cross 
reactions involving IX or XII antibodies gave similar results. 
It was found that either Westphal polysaccharide preparations 
or water extracts could be used. The water extracts were most 
useful because of ease of preparation, 
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FRACTIONATION OF WATER SOLUBLE ANTIGENS OF S. TYPHOSA. 
Edgar E, Baker and Roberta E. Whiteside. Boston Univ. School 
of Med., Boston, Mass, 

Water extracts of S. typhosa strain Ty2 contain several 
serologically distinct antigens, These include 0, Vi, H and 
two antigens in common with other salmonellas and shigellas. 
Vi antigen was removed by precipitation with cetyltrimethyl- 
ammonium bromide, The other antigens were precivitated from 
the supernatant with alcohol. Following dialysis they were 
dissolved in 0.01 M tris buffer pH 8.6 and passed through a 
DAE columm. The effluent contained O antigens and those in 
common with the other organisms. However, the No content of 
the mixture had been reduced from 5.34% to 2.05%. After 
washing with water, the column was washed with increasing 
concentrations of NaCl, At 0.6 M NaCl another fraction was 
obtained which had a nitrogen content of 13.14. This fraction 
vas found to contain H antigen together with O and the anti- 
gens in common with other organisms, The data suggested that 
water extracts of S. typhosa contained the various antigens 
both as liponolysaccharides (not absorbed on DEAE) and lipo- 
polysaccharide protein (absorved on DEAE), Similar results 
were obtained with other salmonellas, 
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THE SPECIFIC CYTOTOXICITY OF GROUP A STREPTOCOCCAL M PROTEIN 

Oi SENSITIZED MACROPHAGES IN VITRO. David |, Maeir* and 
Margaret Gallagher.* Albert Einstein College of Med., New York. 
Specific in vitro cytotoxicity of bacterial proteins on 
sensitized cells is considered to reflect in vivo delayed 
lypersensitivity. This phenomenon has been studied using crude 
streptococcal extracts only. With partially purified antigens 
"ow available we have reexamined the problem. Rabbits were 
given 8-10 i.d. injections of acetone-killed streptococci, 
(group A type 19). Dosages were adjusted to avoid erythematas 
reactions and were administered a week apart. They were dis- 
continued when a delayed skin reaction of tuberculin type 
oecurred, Skin testing with M protein, one month later, gave a 
similar delayed reaction. Splenic explants from these and con- 
trol rabbits, grown on plasma-clot cultures, were exposed 

after 24 hrs. to 50¥ of M protein, The average number of macro- 
thages migrating from each explant was determined at 48,72 and 
% brs, The M protein had no effect on migration of monocytes 
fron control explants, while a marked inhibition of migration 
ocurred in explants from animals showing delayed skin reaction 
to this antigen. 50¥ of PPD produced no effect in either group. 
Itis concluded that M protein has a specific toxic effect on 
‘acrophages of animals in which delayed hypersensitivity to 
this antigen exists. (Supported by grant E-3223 from the 
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ELECTROPHORETIC SEPARATION OF INTRACELLULAR AND CELL WALL 0 
ANTIGENS OF V. CHOLERAE. William Burrows. Department of 
Microbiology, University of Chicago, Chicago, Illinois 

The cell wall and intracellular heat-stable antigens of 
the Inaba and Ogawa serotypes of V. cholerae have been 
fractionated by starch column electrophoresis in borate 
buffer, and titrated by quantitative complement-fixation. 
The use of absorbed and heterologous anti-serums has allowed 
the differentiation of group and sero-type antigens, the 
characterization of "nonagglutinogen" antigen, and the denon- 
stration of the presence and distribution of small amounts of 
R antigen in smooth strains and the presence of O antigens of 
NAG vibrios of 0 sub-groups III, IV, V and VI. The presence 
of nonagglutinogen antigen and heterologous 0 subgroup anti- 
gen accounts for observed cross-protection between vibrios 
shown to be unrelated by the conventional agglutinin absorp- 
tion method of antigenic analysis. Antigenic activity 
appears to be largely that of polysaccharide, much of which 
occurs in these preparations in ionizable form and unionized 
polysaccharide makes only a minor contribution to the total 
antigenic activity. 
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THE ISOLATION OF MEMBRANES FROM MECHANICALLY DISRUPTED HEMOLY- 
TIC STREPTOCOCCI, Earl H. Freimer* and Richard M. Krause. 
Rockefeller Institute, New York. 

A previous report described the isolation of membranes from 
protoplasts which had been prepared from hemolytic streptomeci 
by a cell-wall dissolving enzyme. The present technique was 
devised to obtain sufficient membrane material for extensive 
analysis. Streptococci were disrupted in a Mickle disintegra- 
tor, and a cell membrane fraction was isolated by differential 
centrifugation. This membrane fraction was compared chemically 
and serologically with membranes isolated from protoplasts. 
Essentially all of the extractable lipid of the streptococci 
was found in membranes isolated by either procedure. Twenty % 
of the cell membrane fraction was lipid while the protoplast 
membranes were 25% lipid. In addition, both contained only 
trace amounts of the cell wall sugars, rhamnose and hexosaming 
and both were essentially free of cytoplasmic RNA. Extracts 
of the cell membrane fraction reacted strongly with rabbit an- 
tiserum prepared against protoplast membranes. When these ex- 
tracts were compared by gel diffusion with extracts of proto- 
plast membranes, the resulting precipitates formed a band of 
identity. These results suggest that the membrane fraction 
isolated by the method described here is chemically and sero- 
logically similar to protoplast membranes prepared by the 
enzymatic procedure. 
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Immunology 


SEASONAL VARIATION IN YIELDS OF TYPHUS RICKETTSIAE FROM EGGS 
OF DIFFERENT FLOCKS, H. B. Rees, Jr.* and James W. Johnson.* 
U. S. Army Chemical Corps Biological Labora » Fort 
Detrick, Maryland. 

Eggs from nine poultry flocks were compared quantitatively 
for ability to produce infectious Rickettsia prowazeki, Madrid 
E strain, during different seasons o year. winter 
of 1959, and again in the spring and sumer of 1960, rickett- 
sial yields varied as much as a thousandfold when assayed in 
eggs of a White Leghorn flock, Eggs from a Pennsylvania 
Barred Rock flock and a Maryland White Rock flock produced the 
highest yields of rickettsiae, The ability of eggs from a 
given flock to yield R. prowazeki varied with the season; 
yields obtained in the nee of 1959 appeared much larger 
than yields obtained from eggs of the same flock during the 
following spring and summer, Rickettsial yields from eggs of 
three Rhode Island Red flocks were significantly different in 
two separate examinations, suggesting that factors other than 
season of the year and type of flock influence the growth of 
rickettsiae, 
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025 ANTIGENS; ANTIBODIES—Polysaccharides 
Biochemistry 


ISOLATION OF N-ACETYLNEURAMINIC ACID FROM A POLYSACCHARIDE 
OBTAINED FROM A CITROBACTER FREUNDII MICROORGANISM. 

G, T, Barry and F. P, Chen*, Univ. of Tennessee Memorial 
Research Center, Knoxville, Tennessee, 

In a previous communication (Barry et al., Nature 185: 597, 
1960) it was reported that a sialic acid derivative forms about 
2 percent of the dry weight composition of a C.freundii micro- 
organism also known as E.coli 5396/38. By the use of suitable 
fractionation procedures a serologically active polysaccharide 
which contains N-acetylneuraminic acid and N-acetylglucosamine 
in a 1:1 molar ratio, was isolated from extracts of the bac- 
teria. The purified polysaccharide contains nitrogen and ace- 
tyl and is free of phosphorus and sulfur, Tests for lipid, 
protein, nucleic acid, pentoses, methyl pentoses and hexuronic 
acids are negative. Crystalline N-acetylneuraminic acid ob- 
tained from acid hydrolysates of the polysaccharide has an ele- 
mentary composition and infrared spectrum identical to that 
given by an authentic samp]é of N-acetylneuraminic acid. The 
exact arrangement of the N-acetylneuraminic acid units in the 
macromolecule and the specific chemical nature of other mater- 
ials which constitute nearly half of the composition of this 
polysaccharide is unknown. Thus, the presence of sialic acid 
derivatives in chemical combination with other monosaccharides 
in bacterial polysaccharides is firmly established. (Supported 
by a grant from the United States Public Health pawees.} 


Immunology 


STUDIES ON THE CHEMICAL BASIS FOR THE SEROLOGICAL SPECIFICITY 
OF GROUP C HEMOLYTIC STREPTOCOCCI. Richard M. Krause and 
Maclyn McCarty. Rockefeller Institute, New York. 

Cell walls of group C hemolytic streptococci contain ge- 
lactosamine in addition to glucosamine, muramic acid and rhan- 
nose which are present in both groups A and C cell walls. 
McCarty has shown that terminal N-acetyl-glucosamine is the 
substance responsible for the immunological specificity of 
group A cell wall carbohydrate. The present report presents 
evidence which suggests that N-acetyl-galactosamine determines 
the specificity of group C streptococcal carbohydrate. Frac- 
tionation of group C cell walls with formamide reveals that 
galactosamine is associated with the extracted carbohydrate 
while glucosamine and muramic acid are located in the insoluble 
residue. Of the total hexosamine content of the soluble carbo 
hydrate 92% is galactosamine and the remainder is glucosamine. 
Inhibition of quantitative precipitin reactions between group- 
specific carbohydrate and antiserum with the N-acetyl-amino 
sugars strengthens the view that galactosamine determines goup 
C serologic specificity. N-acetyl-glucosamine inhibits the 
precipitin reaction between group A antiserum and homologous 
carbohydrate but not between group C antiserum and homologous 
carbohydrate. N-acetyl-galactosamine inhibits the precipitin 
reaction between group C antiserum and group C carbohydrate 
but not between the corresponding group A materials. 


Immunology 


DEGRADATION OF BLOOD-GROUP H(O) ACTIVE PLANT POLYSACCHARID=S. 
Peter Williamson™ and Georg F. Springer. Wm. Pepper Laboratory, 
University of Pennsylvania, Philadelphia, Pa. 
Polysaccharides from Taxus cuspidata and Sassafras albidum 
approximating human H(0) mucoids in inhibition of 0 erythro- 
cyte agglutination by eel anti-H(©) serum, have been degraded 
by dilute acids at 100°C. Residual Taxus polysaccharide, 
after removal of material no longer precipitable by > 80% 
ethanol, retained less than 5% of its original activity after 
10 min. hydrolysis in N-H2S0), or HCl. Sassafras showed no 
Significant inactivation after this treatment. N-acetic acid 
partially inactivated Taxus and Sassafras polysaccharides in a 
Similar fashion during the first 10 hrs. Taxus activity dis- 
appeared by 15 hrs., while Sassafras retained 10% of its or- 
iginal activity for>50 hrs. Not precipitated by 80% ethanol 
were mono- and oligosaccharides, some being blood-zroup ac- 
tive. More active material was released from Sassafras dur- 
ing the early phases of hydrolysis than from Taxus. Chro- 
matographic appearance of blood-group H(0) active monosaccha- 
rides corresponded in time to macromolecular inactivation. A 
highly active monosaccharide in the Taxus hydrclysates, 2-0- 
methyl-L-fucose, has been crystallized. Several oligosaccha- 
rides were found after 10 min. hydrolysis in N-mineral acids 
and 4 hrs. in N-acetic acid; they may be responsible for 
part of the activity observed in the supernates. 
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Immunology 
IMMUNO CHEMISTRY OF HUMAN AND PLANT BLOOD-GROUP H(O) ACTIVE 
SUBSTANCES. Georg F. Springer, Barbara Readler* and Peter 
Williamson*, Wm. Pepper Lab., Univ. of Penna., Philadelphia, 
Inhibition studies with heterologous eel anti-H(0) serum 
(absorbed with A,B erythrocytes) showed Sassafras albidum and 





Taxus cuspidata twig polysaccharides to be highly active. 
These materials have no fucose or hexosamine. Most of the 
H(O) activity of Taxus is due to 2-O-methyl-L-fucose (Springer, 
CIBA: Mucopolysaccharide Symposium, p. 216). H(C) cyst 
mucoid from Prof. Morgan (277 P1/WS) and polysaccharides pre. 
pared in this laboratory from ovarian cyst and Sassafras 
were homogeneous, while Taxus preparations showed 2 compo- 
nents in the ultracentrifuce. The latter 3 materials had 
the same hemagglutination inhibition activity and 4 that of 
277 Pi/wS. In quantitative precipitin tests with eel rea- 
gent 277 P1/wS, Taxus and Sassafras gave similar curves, 
The precipitation maximum (0.5 ml serum, no agglutinins found 
in the supernate) lay at luQue for 277 P1/WS, at 15Q&e¢ for 
Sassafras and at 1904@g for Taxus. Gel diffusion (Ouchter- 
lony) showed reactivity for all these polysaccharides. One 
band formed with cyst and Sassafras, 2 with Taxus. Fusion 
lines resulted from cyst mucoid, Sassafras and faster Taxus 
band. Only cyst mucoids reacted with Lotus in precipitin 
and gel tests. Partial acid hydrolysis led to decrease of 
all 3 activities; gel precipitability disappeared first. 
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Physiology 


IMMUNOLOGICALLY ACTIVE THYROGLOBULIN FRAGMENTS. Henry Metz- 
ger* and Gordon C. Sharp*. National Institutes of Health, 
Bethesda, Maryland. We have studied the immunological reac- 
tivity of enzymatically hydrolyzed native calf thyroglobulin 
(S39, ~ 19). When hydrolyzed by trypsin in .1M salt sclu- 
tions 3-4S components are formed initially, without heavier 
intermediates. Further hydrolysis leads to the formation 
of still smaller fragments. Limited fractionation of these 
digests has been achieved using variously cross-linked Seph- 
edex columns. At all stages immunological activity is pre- 
sent as evidenced by precipitin tests, tanned red cell agg- 
lutination and passive cutaneous anaphylaxis (PCA). Gel 
diffusion studies demonstrate multiple precipitin lines with 
the whole digest. With complete digestion a dialyzable 0.68 
fraction is obtained which though having limited precipitat- 
ing ability effectively inhibits precipitation of whole thy- 
roglobulin with rabbit antibody and gives a positive PCA re- 
action. During the course of this work a simple method was 
developed for the purification of antithyroglobulin anti- 
bodies. The antibody is eluted from a specific precipitate. 
utilizing the acid insolubility of thyroglobulin. Sixty 


percent yields of ultracentrifugally pure, fully potent anti- 


body have been achieved. 


Biochemistry 


FRACTIONATION OF LOW RAGWEED POLLEN ANTIGENS, T, P, King.* 
Rockefeller Institute, New York, 

It has been established by previous investigators that 
the active allergens in ragweed causing hay fever in man 
reside in the protein fraction of the pollen, With the view 
that the allergens active in man are probably antigenic in 
rabbits, successful fractionation results have been obtained 
by following the isolation with the rabbit anti-ragweed 
system, The crude protein fraction was isolated from an 
aqueous extract of low ragweed pollen by precipitation with 
ammonium sulfate at 0.9 saturation, then reprecipitation 
in 80% ethanol, In this crude fraction, seven antigenic 
components could be detected using the Ouchterlony antigen- 
antibody diffusion technique. Nearly complete resolution of 
these antigens were obtained by chromatography on Sephadex 
gel, G-75 (0.9 x 300 cm,), eluant 0.5 N NHgAc, All the 
fractions were found to contain arabinose (16-64%), Their 
molecular weights ranged from 9,000 to 20,000, Of interest 
was the observation that the antigenicity was lost upon 
storage in dilute acid solution, 
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Biochemistry 
gf SEPARATION OF TWO ALLERGENIC COMPONENTS FROM A PURIFIED 
guar RAGWEED PREPARATION BY CHROMATOGRAPHY ON DEAE CELLULOSE. 
* and . Chicago Med. School, 

m0 8 Wolcott Ave., Chicago 12, I11. 

A highly purified preparation of Dwarf ragweed allergen 
(. B Goldfarb and 0. H. Callaghan, 1960. J. Immunol., 
fl. 85. In Press) appeared to contain only one line of pre- 
dipitation on Ouchterlony gel-diffusion analysis, but showed 
tw protein components on electrophoresis on cellulose ace- 
tte stripe. Electrophoretic studies indicated that one of 
te components was isoelectric near pH 7.0. Chromatography 
a DEAE cellulose column at pH 6.7 - 6.8 (in 0.005 M tris 
wifer) showed that the material was separable into two 
dfferent fractions, one of which emerged at low ionic concen- 
tation, while the other was eluted by an NaCl gradient. 
both these components were allergenically active at high 
ilstion, giving positive intradermal reaction and nasal 
jwafflation tests. The two materials gave non-identical 
lines on the Ouchterlony gel-diffusion and gel-neutralisation 
sts. (Supported by grant #2-1446 from the National Insti- 
tes of Health.) 


Biochemistry 


MRBIDITY OF AQUEOUS DILUTIONS OF PATHOLOGICAL SERA. Ella H. 
Nshberg. Laboratories, Beth Israel Hospital, New York City. 

s by scatter of the light directly transmitted through 
queous protein solutions varies with the size of the constit- 
wnt protein molecules. For any fixed weight of dispersed 
potein, turbidity increases as the molecules become larger in 
tise and fewer in number. From ultracentrifugal measurements 
itis known that immune sera contain gamma globulin molecules 
tia size far in excess of normal gamma globulin. Turbidity 
magurements allow quick differentiation between immunologi- 
ally active and normal sera. Spectrophotometric measurements 
it 280 m, of the difference Q 280 of optical density between 
tie 1/100 aqueous and saline dilutions of the same serum does 
wt normally exceed 0,020 or 20 units if the gamma globulin 
toes not make up more than 13% of the total protein measured 
ymoving boundary electrophoresis. In contrast, 4280 in the 
wma of patients suffering from virus disease rises as high 
#540 units, with parallel rise in the gamma globulin con- 
tnt, Values of 4280 parallel the immune titer in sera 
tntaining heterophile and cold agglutinins. In arthritic 
ptlents receiving cortisone therapy fall in A 280 parallels 
tte fall in gamma globulin, and both rise sharply on with- 
trawal of therapy. 





Immunology 


NOWTION OF THE SPECIES SPECIFICITY OF HUMAN PROTEINS. 
lrris Goodman, Wayne State University, Detroit, Michigan. 
Antigenic comparisons between primate sera from 16 genera 
te being made in exceptionally sensitive Ouchterlony plates 
(signed by the late Morris Wilson) with chicken and rabbit 
ttisera to seven different human proteins. All antisera 
tect species specificity differences in line with the estab- 
lished taxonomy of the Primates (hominoids> old world monkeys> 
“¥ world monkeys> prosimians). However, gibbon and chimpan- 
we albumins yielded reactions of identity with human albumin 
(onfirming Wilson's data). Human transferrin was distin- 
nished from gibbon transferrin, but not from chimpanzee 
‘nsferrin. Two major antigenic subfractions of human gamma 
flobulin merged with chimpanzee gamma globulin, but were 
turply distinct from gibbon gamma globulin. Furthermore a 
gamma globulin subfraction (one varying in antigenic 
Mecificity between human beings) was not present in chimpan- 
5. Maternal immnizations may select for homozygosity in 
te genes of the proteins which appear early in ontogeny, but 
My fail to select against heterozygosity in gamma globulin 
tes due to the delayed appearance in ontogeny of gamma glob- 
lin. The discussion will elaborate on this previously pre- 
lated hypothesis (Amer. Nat.» 94:153, 1960) which in effect 
Wlicates the maternal immunological system as a directive 
lee in the evolution of the higher Primates. 






























Immunology 


STUDIES ON THE ANTIGENIC SPECIFICITY OF HUMAN 7S GAMMA 
GLOBULIN. Edward C, Franklin and Dennis R. Stanworth*. 
York University School of Medicine, New York, New York. 
7S and 19S gamma globulins each have some antigenic 
specificity but also share certain antigenic groups. The 
antigenic properties of normal and 4 pathological 19S gamma 
globulins were compared to 7S gamma globulin and the 3.5S 
units produced from it by treatment with papain and cysteine. 
(Franklin, J.Clin. Invest. ,Dec.1960). Such treatment of 7S 
gamma globulin yields 2 antibody containing fragments (AéC) 
which are antigenically similar and a third fragment, (6) 
richer in carbohydrate which contains an additional antigenic 
component different from A&C. The antigenic groups in A&C 
are common to both 7S and 19S gamma globulins while the anti- 
genic specificity of 7S gamma globulin resides primarily in 
fragment B. sinc e 1. Antiserum to 7S gamma globulin shows a 
reaction of identity between A&C and 19S gamma globulin and 
non identity between 19S gamma globulin and the additional 
component in B. 2. absorption of antiserum to B with A&C 
yields an antiserum which reacts with 7S gamma globulin and B 
but no longer reacts with 19S gamma globulin. 3. Absorption 
of antiserum to 7S gamma globulin with pure 19S gamma globulin 
yields an antiserum which does not react with A&C but gives 
a single line with 7S gamma globulin and B. (Supported by 
USPHS and ARF). 


ew 


Immunolegy 


ELECTROPHORETIC ANALYSIS OF SERUM AND ASCITIC FLUID PROTEINS 
FROM IMMUNIZED AND NON-IMMUNIZED MICE. R.T,. Jordan*, J. 
Banovitz*, I.L. Trapani*, and Dan H. Campbell. Nat'l. Jewish 
Hosp., Denver, Colo. and Calif. Inst. Tech., Pasadena, Calif. 

Previous studies (Jordan,R.T.,Proc, Am, Assoc. Cancer Res., 
3,31,1959) showed that a high cancer strain of mice (AKR), in- 
jected I.P. with isologous tumor cell fragments in Freund's 
adjuvant, develop large amounts (20-30 ml) of ascitic fluid 
which contained tumor specific neutralizing and agglutinating 
iso-antibodies. Electrophoretic analysis of serum and ascitic 
fluid proteins from tumor immunized and non-immunized mice 
have been made. Total protein concentration of ascitic fluid 
is 3.2% and contains 6 components: albumin,a)-,@2-,B1-,B2- and 
y-globulin. Relative concentrations of these components are; 
42.7,6.6,9.8,17.9,18.1 and 5.0 %,respectively. Corresponding 
mobilities(u) are: 6.9,6.1,5.3,4.1,3.0 and 1.9 x 107~°cm*/volt 
sec, respectively. Serum is similar but also contains a pre- 
albumin component (p=8.3 x 10~5cm¢/volt sec; rel.conc.=5.0%). 
The relative concentration of B,-globulin in ascitic fluid is 
twice that of normal serum. In parallel studies bovine serum 
albumin (BSA) in Freund's adjuvant was used to induce ascitic 
fluid which contained BSA precipitating antibodies, Quantita- 
tive data on the electrophoretic and immunological properties 
of these serum and ascitic fluid components will be presented. 
(Supported by Grant CY-5188, NCI, USPHS) 


Immunology 


IMMUNOCHEMICAL STUDIES WITH IODOACETAMIDE TREATED 
BOVINE SERUM ALBUMIN, J.Sri Ram*. U.Pgh. School of Med., Pgh. 
Penna. 

The sulfhydry! group of bovine serum albumin(BSA) has attracted 
attention ever since it was shown that BSA exhibits heterogeneity with 
respect to this group. The -SH group appeared reactive in about two- 
thirds of the protein, while in the rest it was masked. Furthermore, the 
-SH group is believed to influence the secondary and tertiary structure 
of the protein through participation in intramolecular bonds. In the 
present studies a derivative of BSA in which the -SH group was alky- 
lated by reaction with iodoacetamide, was compared with native BSA 
employing immunochemical! and proteolysis studies. Antisera to native 
and -SH free BSA were obtained by immunization of rabbits with alum 
precipitated antigens. An investigation of the homologous and cross 
reactions with the two antisera showed a complete reciprocity, that is, 
the native and modified derivatives reacted similarly with both the - 
antisera. Proteolysis studies revealed no significant differences in the 
rates of hydrolysis of BSA and -SH free BSA respectively by trypsin and 
pepsin. It would thus appear that a) no significant structural changes 
have occurred in BSA on alkylation of its sulfhydryl group, and b) the 
site on the antigen containing the -SH group is not involved in the 
BSA - anti BSA interaction. 











Immunology 


IMMUNOGENETICS OF RABBIT Y-GLOBULIN ALLOTYPES. Sheldon Dray 
and Glendowlyn 0. Young*. Laboratory of Immmology, NIAID, 
Nat*l. Insts. of Health, Bethesda, Md. 

The existence of serum proteins which differ in part of 
their antigenic specificity from one individual to another in 
the same animal species was discovered by Oudin in 1956 and 

ed allot - Allotypes have been found among the o¢-, 

-, and y-giobulins. Several y-globulin allotypes have 
been identified and their genetic control investigated. 
Subsequent agar-gel immmochemical studies using isoprecipi- 
tins provide new evidence concerning the number, incidence, 
and immunological relationships of Y-globulin allotypes in 
rabbits. In addition to the RGG-I and RGG-II allotypic 
determinants previously described which are under the genetic 
control of an allelic pair of autosomal genes, family studies 
revealed three other /-globulin allotypic determinants which 
are under the genetic ‘control of a three allelic system at a 
second gene locus. Furthermore, two allotypic determinants 
were either both present or absent from all sera tested 
indicating genetic control by a single allele or two closely- 
linked alleles. The distribution of allotypes varied 
considerably among several rabbit colonies. The implications 
of these findings will be discussed. 
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Pathology 


"'TOXIN-ANTI TOXIN'' PHENOMENA IN BURNED OR INJURED GERMFREE RATS 
AND MICE. S$.R. Rosenthal, T. Ward, L. Lindholm,* W. Spurrier.* 
University of Illinois and Notre Dame University. 

Germfree mice (white Swiss) and rats (Wister) were used in 
this study. Mice were scalded (70°C) at varying time intervals 
by the Basket Technique by which 30% of the skin surface (back) 
is scalded. Comparing germfree and normal mice it was found 
that the number of seconds required to kill half the animals 
was significantly lower in the germfree mice. Germfree and nor- 
mal rats of comparable age and weight were burned by a hot 
plate method (250°-350°) for about 20% of their body surface 
(back) and were studied for the appearance of ''toxin-anti toxin 
in their blood by serological means. In all mice and rats the 
sera and red cells were tested for precipitinogens, hemolysin- 
ogens, precipitins and hemolysins. It was found that ''toxins'' 
(precipitinogens and hemolysinogens) and "'antitoxin' (precip- 
itins and hemolysins) appeared in both groups of animals. 
"Antitoxins'' appeared only rarely in germfree rats and when 
present, were in lower titers than that of normal animals. 
These data are further evidence that death due to burns is not 
necessarily produced by a ''toxin'' of bacterial origin. ‘'Anti- 
toxin'' to this burn "'toxin'' appear in the blood of animals 
after healing of the skin has taken place. (Aided by a grant 
from the Office of Naval Research NR 114 161 Nonr 1459(02) 


Immunology 


MECHANISM OF THE ENDOTOXIN-INDUCED HYPERSUSCEPTIBLE STATE 
(EIHS) TO SNAKE VENOMS. E. V. Staab* and R. A. Bridges. 
Univ. of Minnesota Medical School, Minneapolis. 

Studies on the mechanism of the hypersusceptible state to 
snake venom induced in rabbits by endotoxin administration 
allow the following conclusions: (1) applies to venoms 
of the family Crotalidae and does not extend to venoms of the 
family Elapidae. (2) to snake venoms can neither be pre- 
vented nor reversed by in vivo administration of specific an- 
tivenom and in vitro incubation of venom with specific anti- 
venom. (3) EIHS applies to a dialyzable venom constituent. 
(4) EIHS to the le venom constituent can neither be 
reversed by in vivo specific antivenom nor in vitro incubation 
with specific antivenom. (5) EIHS applies to venoms contain- 
ing central neurotoxins, but not to venoms with peripheral 
neurotoxins. (6) EIHS to snake venom may be a function of inm- 
pairment of the blood-brain barrier to a dialyzable venom con- 
stituent. (7) The can be prevented with ferrous iron. 
(Aided by grants from the U.S. Public Health Service, Mim. 
Heart Assoc., American Heart Assoc., and Minnesota Div. of 
American Cancer Society. ) 





019-030 ANTIGENS; 


028 ANTIGENS; ANTIBODIES—Transplantation 


Physiology 
TOLERANCE OF SKIN HOMOGRAFT IN ADULT MICE IN. 
DUCED BY HOMOLOGOUS SPLEEN CELLS, Fred Sha iro, * 
Carlos Martinez, June M. Smith* rte 





of Physiology and Pediatrics, University of Minnesota, Medi. 
cal School, Minneapolis 14, Minnesota. 

Studies were carried out to ascertain whether or not toler. 
ance of skin homograft could be induced in adult Z (C3H) mice 
repeatedly injected with large doses of spleen cells taken 
from adult donors of the (A x Z) F, hybrid cross. Two 
different experiments were done, one, viable spleen cells 
taken from AZ F, hybrid donors in doses ranging from 200 to 
1,500 million were injected intraperitoneally into adult Z 
(C3H) mice over a period ranging from 1 to 11 weeks, In 
another experiment cells were injected over a period of 7 
weeks alternating the intraperitoneal and intravenous route, 
Results demonstrate that whereas only 4% of Z(C3H) strain 
mice receiving F, hybrid spleen cells intraperitoneally be- 
came tolerant and accepted skin transplants taken from F 
hybrid donbrs, 86% of mice receiving F, hybrid spleen cells 
by the intraperitoneal and intravenous route became tolerant 
of AZ F, hybrid skin homotransplants, The effect of the 
route of administration, the amount of cells injected and the 
duration of treatment on induction of immunological tolerance 
of tissue homotransplants in adult mice will be discussed, 


Physiology 
SPECIFIC HOMOGRAFT TOLERANCE IN LONG-LIVED HOMOLOGOUS BONE 
MARROW RARTATION CHIMERAS. Leonard J. Cole and William &. 
Davis, Jr., U.S. Naval Radiol. Def. Lab., San Francisco, Cal, 

The lymphoid tissues of LDjo9 X-irradiated LAF, mice 

which survived a year or more after injection with C3H strain 
marrow cells, were investigated with respect to their immuno- 
logical reactivity, homograft tolerance, and for cell chimer« 
ism. Reactivity was tested by the capacity of chimera spleen 
cells, when transferred to lethally X-irradiated LAF, mice, to 
cause rejection of marrow transplants derived from DBA/2 or 
BALB/c mice. Presence of donor cells in the chimera lymphoid 
tissues was demonstrated by the test for specific transplanta- 
tion immunity isoantigen. The chimera lymphoid cells were 
found to bring about the rejection of DBA/2 and of BALB/c bon 
marrow cells, but were non-reactive, i.e. tolerant, with re- 
spect to marrow transplants of donor (C3) or host (LAF) gen- 
otype. The data indicate that both donor and host type immuno- 
logically reactive cells are present in these late chimeras, 
that a state of mutual homograft tolerance exists between 
them, and that they are reactive against marrow homografts de- 
rived from a third and fourth mouse strain. It is suggested 
that the svecific homograft tolerance observed here in long- 
lived radiation chimeras, on the one hand, and the phenomenon 
of actively acquired tolerance (Medewar) on the other have a 
common mechanism. 


Physiology 


TRANSPLANTATION OF BLOOD LEUKOCYTES. J. W. Goodman. Biology 
Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Peripheral blood has been found to have a killing effect 
when injected into lethally irradiated, bone marrow treated 
mice of a homologous strain. This effect is abolished when 
the blood is irradiated. Histological data indicate that 
the killing effect is immunologic in nature. Lymph node and 
bone marrow cell suspensions have been typed by cytotoxic 
and retransplantation techniques in chimeras of several 
strain combinations given injections of isologous or 
homologous blood. Evidence has been obtained that cells of 
the blood donor type have’ proliferated in the lymphoid 
tissues and are the basis of the immune disorder leading to 
death of the animals early after irradiation and marrow 
treatment. 
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Physiology 


-~REJECTION CAPACITY OF ISOLATED SPLEEN CELLS. 
© Celadg* and Rachel R. Carter.* Biology Division, Oak 
fidge National Laboratory, Oak Ridge, Tenn. 

Our previous studies showed that in intact mice the mecha- 
nism of homograft reaction is mre radioresistant than that of 
titratable antibody formation. Two explanations can be offered 
for this difference: (a) Two distinct types of somatic cells 
gre involved, and (b) One cell type is involved in both mecha- 
nisms, but the total number of competent cells is greater in 
the former than in the latter. To test these possibilities, a 
mdel has been devised whereby the homograft-rejection capacity 
of P, (parent 1) cells against target Po cells is studied in 
peavily X-rayed F, mice, our in vivo test tubes. Both primary 
ad secondary responses of P, cells can be investigated by 
assaying the fate of Po cells. This is done by determining 
the antisheep agglutinin-synthesizing capacity of Po cells. 
ur preliminary data indicate that the rejection of Pp cells 
is a function of number of P, cells, the difference in magni- 
tude between primary and secondary responses is ~10-fold, and 
3-6 X 106 P, cells can reject 50% of 2h X 106 Po cells in the 
secondary response. Since the number of cells can be fixed in 
this model, these studies should enable us to determine the 
relative radiosensitivity of these 2 mechanisms and offer some 
insight into the nature of homograft-rejection phenomenon. 





Physiology 


IDENTIFICATION OF HOMOGRAFT FAILURE WITH FLUORESCEIN. 
Kenneth R. Williamson*, Ronald D. Guttmann*, Robert K. Ausman*, 
and J. Bradley Aust*. Department of Surgery, University of Minnesota 
Medical School. 

Several strains of inbred mice served as hosts for full thickness 
isologous and homologous skin grafts. Daily injections of a 1% 
solution of fluorescein were made either by the intravenous or 
intraperitoneal route and the animals were examined under a 
Woods lamp. The isografts showed a progressive increase in 
intensity and rapidity of fluorescence following injection from the 
day of grafting until day 8-10 when these variables became constant. 
The homografts showed an increasing intensity and rapidity of 
fluorescence until day 4-7 when these variables as well as the 
amount of graft exhibiting fluorescence progressively decreased. 

This method was correlated with gross observations of homograft 
tejection and isograft acceptance as well as histologic sections 
and provides a rapid means of detecting homograft failure in skin 
gtafts.. (Supported by a grant from the USPHS and the American 
Cancer Society.) 





Biochemistry 


Transplantation of the Rat Kidney. Paul Nathan (*)1, Edward 
Gonzalez (*), Lawrence J. Wilchins @) and Benjamin F Miller. 
May Institute for Medical Research of the Cincinnati Jewish 


Hospital; and the Depts. of Physiology, Surgery and Medicine 
of the U. of Cincinnati Coll. of Medicine. 

Micro-surgical methods have been developed for direct su- 
ture of blood vessels less than one millimeter in diameter. 
With these techniques we have transplanted the rat kidney. 

The procedure is to remove from a donor rat the left kidney, 
ureter and renal vessels with an attached portion of the 
abdominal aorta and vena cava. The donor aorta is connected to 
the recipient's carotid artery, and the vena cava to the 
jugular vein. Small silver fasteners, made from nerve clips, 
are employed for the arterial anastomosis; 7-0 silk suture for 
the veins. Plastic tubes maintain the patency of the vessels 
during surgery. These tubes are removed through the open end 
of the donor aorta and vena cava after the vessels are connec- 
ted. logous transplants from one Sprague-Dawley rat to an- 
other show a typical transplant reaction within 1 week after 
transfer. Isologous transplents between inbred Lewis rats have 
functioned for more than 43 days without evidence of a trans- 
plant reaction. (1. Advanced Research Fellow of the Am. Heart 
Assoc., 2. Supported by grants from the USPHS and the Josiah 
Macy, Jr. Foundation.) 
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Pharmacology 


ACCELFRATED SKIN GRAFT RFJFCTION IN HUMANS PREIMMUNIZFD WITH 
LFUKOCYTES., Eli_ A. Friedman,* J. Walden Retan,* David C. 
Marshall. * Lawrence B. Henry, * and John P. Merril]# Harvard 
edical School, Boston, Mass. 

Delayed cutaneous hyversensitivity to donor leukocytes fol- 
lowing the rejection of skin homografts in humans has recently 
been demonstrated. It was postulated that this vchenomenon 
represented an immune rerction to transplantation antigen(s) 
shared by leukocytes and skin. To further study leukocyte an- 
tigenicity, ambulatory adult volunteers were "immunized" with 
leukocytes obtained from venous perivheral blood by a dextran 
sedimentation technique. Six days after multivle interadermal 
leukocyte injections, full thickness skin homografts, taken 
from unrelated individuals and from the leukocyte donor were 
placed on the recipient's arm. Varied rejection meng 
were observed in 16 subjects who received 20 to 300 X 10° leu- 
kocytes. Specific grafts from the leukocyte donor showed the 
white graft rejection pattern in 8 to 16 instances, a second 
set response in 7 cases, and a first set rejection in one case. 
Of the 14 simultaneously placed nonspecific grafts, 4 were 
white grafts, 6 second set responses, and 4 first set rejec- 
tions. The higher the immunizing leukocyte dose, the greater 
the immune response. The level of immunity against the donor 
graft was equal to or greater than that against the nonspecific 
graft. In this human system, transplantation immunity was not 
entirely individual specific. 


Pharmacology 


HOST CONTROL OF TUMOR GROWTH: SINGLE AND MULTIPLE 
ISOGENIC TRANSPLANTS. Ronald D. Guttmann* & J. Bradley Aust*. 
Dept. of Surgery, Univ. of Minnesota Medical School. 

These experiments were suggested by the observation that the total 
mass of mammary adenocarcinoma developing in breeding females of 
inbred strains of mice was constant whether the animals had single or 
multiple tumors. 290 C3H mice were divided into groups receiving 
innoculations of a 7% cell suspension of C3H mammary adenocarcin- 
oma in one groin, each groin, and each groin & axilla. In a fourth 
group of animals receiving an initial injection of cells in each groin, 
one tumor was excised after 43 days and the growth rate of the re- 
maining tumor studied. Animals were sacrificed during the course of 
growth as well as at death. The tumors were excised & weighed, 
spleen weights determined, and the lungs sectioned for metastases. 
It was found that at the time of death, between 57 & 72 days after in- 
noculation, there was no difference in total tumor mass whether the 
animals were bearing one, two, or four tumors, or whether they had 
initially been bearing two tumors with one excised at 43 days. The 
tumors showed a more rapid growth rate in female mice initially, 
however , later in the course of the neoplasm there was no difference 
in tumor weight in any of the groups. This suggests a host factor in 
control of tumor growth rate. (Supported by a USPHS grant.) 





Pathology 


IMMUNOLOGICAL REACTIONS BY F, HYBRID MICE AGAINST GRAFTED 
PARENTAL STRAIN TISSUES. Gustavo Cudkowicz.* Biology 
Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Evidence that F, hybrids may have immunological specifici- 
ties interfering with acceptance of grafted parental cells was 
obtained: hybrid mice from inbred parents differing at the H-2 
locus were sensitized to parental antigens by i.p. inoculation 
of spleen cells. The sensitized animals were used as recipi- 
ents or as donors in two experiments: 1. parental marrow was 
injected into lethally irradiated sensitized recipients to 
determine whether sensitization would interfere with its 
transplantation; 2. sublethally irradiated F, recipients 
inoculated with parental antibody-forming cells were concomi- 
tantly injected with isologous F, marrow cells from sensitized 
or nonsensitized donors, to determine whether the latter cells 
would reduce the deleterious effects of the former. The 
results of both experiments demonstrate that acceptance of 
grafted parental cells may be prevented by immunologically 
competent F, hybrid cells if immunogenetic differences exist 
between the parental strains. Hence, it is suggested that: 
(a) parental histocompatibility genes are not necessarily ex- 
pressed in the hybrid as codominants; (0) in parent-to-hybrid 
radiation chimeras, a host-versus~graft immunological reaction 
may be a component of "homologous disease". 











Pathology 

THE EFFECT OF ANTIMETABOLITES ON FROLONGING FUNCTIONAL SURVIV- 

AL OF CANINE RENAL HOMOGRAFTS: 6—MERCAPIOPURINE, 6a\ZAGUANTINE. 

C, F, Zukoski*, H, M, Lee* and D, Hume, Surg. Research lab. 
cal College ot ° md, 

Attempts have been made to increase tissue homograft sur- 
vival through suppression of the host immme mechanisms with 
radiation or oar. Recent reports have suggested that 6= 
mercaptopurine (6-MP) is effective in prolonging homograft 
survival under certain circumstances. The present studies 
were undertaken to determine the effect of 6—MP and 8<\zaguan- 
ine (842) on rem homograft survival in the dog. Four bi- 
laterally nephrectomized control dogs survived an average of 
765 days. Ten bilaterally nephrectomized dogs with reml 
homografts survived an average of 15 days, Eighteen bilater- 
ally nephrectomized dogs with renal homografts receiving 6<MP 
(in doses of 5 mgn/Kg for he? days, 2.5 mgn/Kg 2 out of 3 
days thereafter) survived an average of 23.7 days (p value of 
less than 0.05 compared to the homografted controls). Three 
died without azotemia at 32, 42, and 66 days. In another ser= 
ies of 8 dogs, a combination of S=MP (3 mgm/Kg for 6 and 
1.5 mgn/Kg 2 out of 3 days thereafter) and 6012 (3 soe for 
6 days, and 1.5 mgm/Kg 2 out of 3 days thereafter) was used. 
Three are living at 20, 2), and 35 days with BUN's varying 
from 30 to 60 mgm % A good correlation was achieved between 
the degree of host lymph node follicle destruction and the 
persistence of the homograft. 


Pathology 


THE EFFECT ON NEONATAL TRANSFUSIONS ON THE SURVIVAL OF HOMOLO- 
GOUS ERYTHROCYTES IN CHICKENS. J. S. Wellington*, R. E. Gard- 





ner* and J. P. McGinley+. Depts. of Pathology, Surgery, Derma- 
tolgy, Univ. of Calir. Medical Center, San Francisco, Calif. 


A method of measuring the survival time of homotransplanted 
blood was studied. Blood from adult chicken donors was in- 
jected intravenously into white leghorn chickens at weekly 
intervals starting on the day of hatching. Nine to fourteen 
weeks later the donor blood was tagged with Cr°1 and its sur- 
vival time was measured in the recipients, the donors, and 
the uninjected controls from the same hatching. The survival 
time of the donor erythrocytes in the injected chickens 
approximated that in the donors themselves. The control group 
demonstrated a very short survival time of the erythrocytes. 
Similar findings were obtained when the experiment was re- 
peated after centrifugation and washing of the blood to re- 
move the leucocytes. The transfusion of these washed nuc- 
leated red blood cells into immature chickens had resulted in 
subsequent tolerance to transfusions of cells from the same 
donor. : Erythrocyte transfusions in this experiment are re- 
garded as a living homotransplant. Cr 1 tagging is an exact 
method of measuring survival time of this type of homotrans- 
plant and allows the evaluation of experimental alterations. 
(Supported by a grant from the Committee on Research, Univer- 
sity of California School of Medicine.) 
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DEGREE OF SKIN GRAFT TOLERANCE AND LYMPHOID CHIMERISM FOLLOW- 
ING INJECTION OF ADULT SPLEEN CELLS INTO NEWBORN MICE. J. J. 
Trentin and J. Session*, Division of Experimental Biology, 
Baylor University College of Medicine, Houston, Texas. 

Spleen cells were injected into newborn mice, Mild to se- 
vere mortality from graft vs. host reaction (homologous dis- 
ease) was observed depending on the strain combination, Sur- 
vivors were grafted with skin from the spleen donor strain. 
The % of tolerant mice 1); days later (when all control grafts 
were rejected) varied from 0 to 52% for 8 combinations of in- 
bred strains (382 mice), Duration of tolerance was limited 
(22 to 80 day half life, 21 days longest duration), Degree 
and duration of tolerance among survivors was inversely pro- 
portional to severity of homologous disease, Mice injected 
with spleen from an Fj hybrid showed no homologous disease, 
more tolerance (79% of 33 mice) and longer tolerance (half 
life in excess of 600 days). In 3 inbred strain combinations, 
donor-host chimerism of bone marrow, spleen, mesenteric lymph 
node and thymus was quantitated by chromosome morphology. In 
19 mice still fully tolerant of donor skin, these tissues con- 
tained 17, 78, 9 and 8% donor cells respectively; in 6 mice 
with possible early signs of skin graft breakdown, 25, 8h, 93 
and 93% donor cells; in 7 mice with definite signs of skin re- 
jection, 3, 14, 26 and 4% donor cells; in 3 mice that had re- 
jected formerly tolerated grafts, no donor cells, Testis cells 
similarly injected failed to induce tolerance in 39 mice. 
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MORTALITY, LYMPHOID ORGA! WEIGHT CHANGE AND PATHOLOGY IN Fy 
HYBRID MICE INJECTED WITH PARENTAL LYMPHOID TISSUE. ¥. G, 
Fiscus*, B, T. Morris*, J. Session*, and J. J. Trentin, 
Division of Experimental Biology, Baylor University College of 
Medicine, Houston, Texas. 

The effect of age on the susceptibility of unirradiated but 
genetically tolerant (Ceo x A)F) hybrid mice to I. P. injec. 
tion of adult parental th strain) lymphoid tissue was deter. 
mined. Significant mortality from graft vs. host reaction re 
sulted with 21 day old Fy recipients, but not with 30 day or 
older recipients, unless they were pre-irradiated (0Or). 4 
large group of unirradiated 21 day old F, hybrids were injec. 
ted with parental lymphoid tissue and killed at 3 day inter- 
vals until 60 days post-injection, Body weights were less 
than those of the controls after the 9th day. Thymic weight 
was strikingly depressed after 9 days. Mesenteric lymph node 
weight was depressed after 18 days, Inguinal lymph node weight 
was sharply elevated at 9 days and slightly depressed after 1§ 
days, Spleen weight was sharply elevated at 9 days, and either 
slightly increased or normal thereafter. The lymphoid tissues 
underwent nuclear fragmentation, loss of lymphoid elements, 
infiltration with large mononuclear cells and fibroplasia, 
The liver showed perivascular collecticns of mononuclear 
cells, The stomach, small intestine, colon, kidney and 
sternal bone marrow were histologically normal, 





Pathology 


NUCLEIC ACID SYNTHESIS IN THE REGIONAL LYMPH NODES 
AND SPLEEN DURING, SKIN HOMOGRAFT REJECTION. J.C, 
Pierce, WR. Meeker*, and R.L. Varco”, University 
of Minnesota Medical School, Minneapolis, Minnesota, 

The important role of the regicnal lymph nodes 
during skin homograft rejection has been demonstra- 
ted by morphologic and cell transfer studies. To 
compare the synthesis of nucleic acids in these 
nodes with that in the spleen, skin homografts from 
adult female Long-Evans rats were placed on the 
upper abdomens of adult, female Sprague-Dawley rats, 
Autografts were performed as controls in other rats, 
At 4,6,8, and 10 days after grafting, the axillary 
lymph nodes and spleens were excised from 6 homo- 
grafted and 6 autografted rats. The DNA and RNA 
fractions were separated by a chemical method de- 
vised by Barnum and the specific activity (cpm p32 
+ ¥ P) of each fraction was measured by means of 
P32 (150 me /100 gm.) administered IP 18 hours prior 
to sacrifice. There was a striking increase of 
both DNA and RNA specific activities in the lymph 
nodes, but not in the spleens of the homografted 
rats as compared with the autografted controls at 
6 and 8 days after grafting. (Supported by a grant 
from the US.P.H.S.). 
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THE GROWTH OF HUMAN AND MURINE CANCERS IN 
MICE BEARING ACTH-SECRETING PITUITARY TUMORS, 
A.H. Handler and G, LaFauci.* Children's Cancer Res. 
Fndn. and Harvard Med. School, Boston, Mass. 
Experiments were designed to study homologous and 
heterologous tumor growth in LAF, mice bearing a trans~ 
planted mouse adrenotropic pituitary tumor (AtT-Furth). 
(a) Human tumors which are transplantable in cortisone- 
treated Syrian hamsters such as malignant melanomas, 
ME-~1 and ME-2, and myxofibrosarcoma, MFS-1, grew 
vigorously in these ''conditioned'' mice. These tumors 
failed to grow in normal mice and showed only a slight 
amount of growth in mice treated with massive doses of 
cortisone. (b) Three melanomas, two Wilms' tumors, a 
carcinoma of the larynx, two prostate carcinomas and a 
mixed tumor of the liver were successfully transplanted 
directly from patients into mice bearing AtT. The tumors 
failed to grow in normal mice, in mice treated with corti- 
sone or ACTH, or in mice bearing pituitary transplants 
that do not secrete ACTH. (c) Mouse tumors which do not 
ordinarily grow in normal or cortisonetreated LAF] 
hybrids, grew readily in these ''conditioned" mice. 
(Supported in part by a grant from NIH, USPHS #CY3335). 
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Prihology 
yODIFICATION OF RESPONSE OF MICE TO HETERO- 
GRAFTS BY ASCITES. R.E. Meo rhy * Children's Cancer 
Res. Fndn. and Harvard Med. Sc ool, Boston, Mass. 

Factors independent of differences in antigenic structure 
tween donor and host have been shown to prolong the sur- 
yival of homografts, the rejection of primary and secondary 
homografts in mice being delayed or inhibited by the pres- 
mce of ascites in the host (McCarthy, R.E., Fed. Proc., 19: 
117, 1960). Subsequent studies with heterologous systems in- 
dicate that the response of mice to heterografts of normal 
rat tissue is similarly modified by the presence of ascites in 
the heterologous host. Both primary and secondary rat skin 
eterografts survive for significantly longer periods of time 
om mice bearing ascites than on non-ascitic controls. Alter- 
ations in the course of heterograft survival as a result of 
changes in the time of production and the means by which the 
scites is produced will be illustrated and additional informa- 
tio concerning the effect of increasing the peritoneal fluid 
ylume with non-viable protein solutions on homografts as 
wellas on heterografts will be presented. These data suggest 
that the ability of mice bearing ascites to respond initially to 

ry grafts of foreign tissue is impaired and that the re- 
jection by previously sensitized hosts of secondary hetero- 
grafts is similarly impaired by the presence of ascites. 
(upported in part by a grant from NIH, USPHS #CY3335). 
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ABSENCE OF AVASCULAR POSTPARABIOTIC HOMOLOGOUS TISSUE 
REACTIONS IN HOSTS RECEIVING SERIAL TRANSFUSIONS OF DONOR'S 
HOOD PRIOR TO GRAFTING. : »* R.H.Andresen, G.M. 
fass, D.A.Madden* and S. Swartzbaugh.* Div. Path. and Lab. 
Surg. Res., Presbyterian-St. Luke's Hospital, Chicago, Ill. 
Fifty percent of postparabiotic homografts showed fibro- 
collagenous encapsulation with no vascular penetration. 
(ross-transfusion of single, small or large quantities of 
donor's blood prior to cross-grafting in non-parabiotic hosts 
resulted in a pattern of tissue reaction identical to the 
wscular form of the postparabiotic homologous tissue reaction. 
Mesent experiments were designed to inquire as to whether or 
mt it was possible by repeated transfusion of donor's blood 
prior to grafting to prevent vascularization of the homograft. 
Mult rabbits each received four intravenous injections of 5 
nl quantities of graft donor's blood four days apart. Three 
days following the last transfusion, recipient was grafted 
vith musculofascial tissues from blood donor. Two weeks later 
ticroscopic analysis of graft sites showed vascular penetration 
of all grafts by the host in the customary absence of inflam- 
mtion. Repeated transfusions of donor's blood prior to graft- 
ing does not prevent vascularization of the donor's homograft 
ty the recipient. Other factors in parabiosis, beyond exchange 
of blood, appear to be responsible for elimination of vascular 
stimulus within homografts. 


Pathology 


WDIFICATION OF CLASSICAL HOMOLOGOUS TISSUE REACTIONS BY 
TRANSFUSION OF BLOOD AFTER GRAFTING. C.W.Monroe,* R.H. 
Andresen, G.M.Hass, D.A.Madden* and S. Swartzbaugh.* Div. of 
Rath. and Lab. Surg. Res., Presbyterian-St. Luke's Hospital, 
chicago, Illinois. 

Cross-grafting of musculofascial tissues following cross- 
transfusion resulted in a fibro-collagenous encapsulation of 
the graft with varying degrees of vascular penetration by the 
host in the absence of inflammation. In view of this, 

Present experiments were designed to show whether or not it 

vas possible to selectively interfere with the sequences of 
healing within homografts by single transfusion of donor's 
tlood at intervals after grafting. Musculofascial grafts 
resected from the erector spinae of rabbits were implanted as 
homografts. In individual experiments, recipients received 

2% ml each of donor's blood at 4, 7 and 12 days after graft- 
ing. Grafts from the first two intervals were studied.14 days 
after implantation and the remainder were studied 19 days 

after implantation. This showed that if the recipient is 
transfused before admixture of proliferating cells of the host 
and graft has occurred, vascularization of the graft proceeds 
Vithout inflammation and necrosis. If transfusion is given 
after admixture has occurred, a severe necrotizing reaction 
Without intact cellular infiltrate involves the newly-formed 
Wsculature and matrix within the homograft. 





Pathology 
HISTOLOGICAL AND CLINICAL CORRELATIONS IN SKIN HOMOGRAFT RE- 
JECTION IN MAN. L, Henry*, D. C. Marshall”, E, A. Friedman’, 
and G. J. Dammin. Peter Bent Brigham Hospital and Harvard 
Medical School, Boston, Mass. 

Sequential study has been made in man of the development of 
‘first set', 'accelerated', and ‘white graft' rejection pat- 
terns in skin homografts. The ‘first set' skin homograft be- 
comes vascularized and by the 6th day perivascular lymphocytes 
are seen. These spread into the dermis and epidermis until 
vascular thrombosis supervenes on the 10th to 12th days with 
rejection complete shortly thereafter. In ‘accelerated' re- 
jection the 'second-set' graft is vascularized but blood flow 
ceases after 1 or 2 days and by the 8th day the graft is re- 
jected with little evidence of cellular infiltration. If the 
‘second set' graft is placed within 1) days of placement of 
the 'first set' graft, it undergoes ‘white graft’ rejection. 
The ‘white graft' is never vascularized and there is a vary- 
ing degree of leucocytic infiltration, both into the dermis 
and epidermis. Pilebitis is noted and in the graft bed there 
is an infiltrate of lymphocytes, plasmacytes and eosinophils. 
The white appearance is evident on day 2 and necrosis is usu- 
ally complete by day 8. Over the period studied, the grafts 
showed no significant alterations in the elastic fiber pattern 


or in the epidermal 'basement membrane'. (Supported by the 
——— Heart Institute and the U. S. Army Medical R. & D. 
oOmmand 
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HABITUAL ABORTION: An Expression of Accelerrated Rejection 
of the Placental C caft. W. A. Bardawil and D. Marshall, Boston, 
Mass. 

It is now accepted that the fetus, placenta, and its membranes 
(genetically F hybrid) live within the mother's tissues in a state 
of a biological homograft. The elimination of the placenta may, 
therefore, represent a homograft rejection. A similar mechanism 
possibly operates in the regression of trophoblast in invasive moles 
and in unusual cases of spontaneous healing of choriocarcinoma of 
pregnancy since, in both instances the tissues are also derivatives 
of, and genetically identical with, the F, hybrid fetus. Habitual 
abortion, a condition consisting of a repetative premature termina- 
tion of pregnancy (at or about 3-4 mo.) could hypothetically be 
considered as an accelerated graft rejection. To test this hypo- 
thesis two patients (GVI, P-0) were skin auto-, and homotransplan- 
ted from husband and control. One patient showed clearly a state of 
histoincompatibility; in spite of this fact, both patients delivered 
normal babies. It is suggested that the skin grafts may enhance the 
placental graft. Leukodermal reactions and other tests have been 
carried out. Additional patients are under investigation. Gross and 
microscopic details will be discussed, Supported by USPHS grants 
A-2168 and B-1962. 
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RESISTANCE OF POLYOMA VIRUS IMMUNE ANIMAIS TO TRANSPLANTED 
POLYOMA TUMORS. K. Habel. National Institutes of Health, 
Bethesda, Md. 

Subcutaneous fibrosarcomas originally produced by inocu- 
lation of newborn animals with polyoma virus have been es- 
tablished as transplantable tumors in adult C57/BL mice and 
hamsters. These tumors contain no demonstrable polyoma 
virus. When cell suspensions of these tumors are titrated 
for transplantability into animals that have been immmized 
by a single dose of polyoma virus, the immme animals are 
more resistant than the non-immune. This resistance appears 
to be specific against polyoma tumors since immme animals 
showed no resistance against Sarcoma 180 and another trans- 
plantable C57/BL fibrosarcoma originally produced by radio- 
active thorium. Passive immunity in mice produced by 
inoculation of serum from rabbits hyperimmmized against 
polyoma virus conferred only minimal resistance against the 
transplanted polyoma tumors. 





Immunology 
VARIATIONS IN INDIVIDUAL SPECIFICITY IN HUMAN HOMO- 


GRAFT REACTIONS. F. T, Rapaport, L. Thomas, Je Me 
Converse, and H. 5S. Lawrence. New York University. 
Wine recipients were sensitized with a skin graft 


from one donor (test)s upon rejection, they received 
@ second test graft and a control graft from another 
donor. All second test grafts became white grafts, 
while control grafts were vascularized an underwent 
hemorrhagic necrosis. However, 5 control grafts had 
an accelerated rejection suggestive of prior sensit- 
izations the remaining control grafts had first-set 
survival times. This anomalous finding suggested that 
some donor pairs shared transplantation antigens. To 
test this possibility, the respective donor pairs 
were erg pga Grafts exchanged between a donor 
pair where this antigenic relationship was suspected 
survived longer (12-14 days) than those in other 
donor salts 189 days). This result suggests that 
humans may share more transplantation antigens than 
an all-or-none response such as the white greet reac- 

would indicate. Its occurrence In a chance com- 
bination of 15 non related subjects also raises the 
possibility that further studies may kead to an 
identification of human tissue transplantation 
antigenic groups or types. 
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RELATION OF ANTIBODY TO GROWTH OF WALKER CARCINOMA. Daniel 
A. Boroff. N.E. Inst. for Med. Res., Ridgefield, Conn. 

Walker Carcinoma 256 (W.C.) implanted subcutaneously in 
early stages begins to show central necrosis. When fully 
grown, this necrosis becomes extensive with viable tumor cells 
appearing as a thin capsule. Tissue sections show abundant 
blood vessels and viable tumor cells in necrotic debris. Other 
observations were that rats implanted subcutaneously with W.C. 
became temporarily resistant to second implants of tumor. 

Rats with W.C. surgically removed are resistant to reimplants 
of tumors obtained from different rats but not to the reimplant 
of their own tumor. From these finds a working hypothesis is 
advanced to explain the above phenomena and suggest approaches 
for further work. Necrosis observed in W.C. may be at least 
in part due to antibody produced in response to the homotrans- 
planted tumor foreign to the host. To survive, the tumor 

must adapt itself to the new environment, one element of 
which is the antibody. In adapting, the malignant cell may 
become resistant to this antibody. This may account for the 
presence of viable cells in the necrotic debris and 

acceptance by the operated tumor-bearing rat of its own tumor 
and rejection of the tumor from another rat. Regarding the 
antibody as inimical to the host permits a new approach to 

the problem of host-tumor and tumor antibody relationships. 
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ORIGIN OF ANTIBODY-FORMING CELLS IN HOMOLOGOUS CHIMERAS. 

G. Doria,* J. W. Goodman,* N. Gengozian, and C. C. Congdon.* 
Biology Division, Oak Ridge National Laboratory and Oak Ridge 
Institute of Nuclear Studies, Oak Ridge, Tenn. 

A study has been made of the relative immune capabilities 
of the host and donor cells in chimeras sensitized against 
sheep RBC. Lethally irradiated test mice were used as a 
culture medium for a known number of spleen cells from donors 
previously injected with sheep RBC. If the irradiated 
recipients were preimmunized to the donor, no antibody- 
activity could be detected. Homologous bone marrow or fetal 
liver chimeras 120 days old and having only donor-type red 
cells, were injected intraperitoneally with sheep RBC. 
Eighteen days later spleen cells from fetal liver or bone 
marrow chimeras were injected intravenously into 2 groups of 
irradiated recipients (one preimmunized against the host and 
the other against the donor) which also received sheep RBC 
intraperitoneally. In both cases (fetal liver or bone marrow 
chimeras) the titer, due to the transferred spleen cells, was 
positive in the first group of recipients and absent in the 
second. These results provide evidence for the donor origin 
of antibody-forming cells in the spleen of homologous chimeras 
challenged with sheep RBC. The failure to detect activity of 
host-type cells can be due to their absence or functional 
impairment. 
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TRANSMISSION OF HOMOGRAFT TOLERANCE TO PROGENY OF ACTIVELY — 
IMMUNIZED MICE. Florence Lazere*, EottH RATNER® AND JUDITH 
GRUEN* WALDEMAR MEDICAL RESEARCH FOUNDATION, PORT WASHINGTON, 
New York % 

FoR THE PAST TWO YEARS, WE HAVE FOLLOWED A LINE OF TEN 

BREEDING PAIRS OF "A" BTRAIN MICE AND THEIR OFFSPRING TO THe 
FIFTH GENERATION. THE INITIAL BREEDING PAIRS WERE IMMUNIZED 
WITH MIXED NORMAL TIS6UE6 (LYOPHILIZED) OF THE C3H BTRAIN, 
SUBGEQUENT TO IMMUNIZATION, THEY WERE BRED AND THEIR OFFEPRi_ 
DIVIDED INTO TWO GROUPS. THE FIRST GROUP OF OFFEPRING WAS 
CHALLENGED WITH A VIABLE H2712 TUMOR IMPLANT. SUBSEQUENT 1p 
THE REGRESSION OF THE IMPLANT, IMMUNIZATION WAS RESUMED, THE 
MICE BRED AND THE PROCEDURE CONTINUED THROUGH THE FIFTH 
GENERATIONs IN THE SECOND GROUP, PAIRS OF MICE WERE IMMUNIZD 
AND BRED aS IN GaouP | BUT RECEIVED NO TUMOR CHALLENGE. |W 
THE FIFTH GENERATION, Group | (TUMOR CHALLENGED), IN 12 oF If 
"A" STRAIN PROGENY, A VIABLE TUMOR HOMOGRAFT (H2712 oF CH 
MICE) GREW ‘ROGRESSIVELY TO A SIZE OF 2.5 cms.°. SOME oF 
THEGE ANIMs . WERE SACRIFICED AND THEIR TUMORS TRANGPLANTED 
TO CHECK VIA’ ITY AND IDENTITY OF THE TUMOR. THE DATA 
INDICATES THAT HOMOGRAFT ENHANCEMENT BY IMMUNIZATION OF 
BREEDERS WITH HOMOLUGOUS TISSUE ANTIGENS 16 TRANEMITTED TO 
THEIR PROGENY. H AFT ENH NT WAS OBBERVED IN THE F5 
GENERATION BUT NO ENHANCEMENT WAS OBSERVED IN THE Fl THROUGH 
F4 GENERATIONS. 








Iminunolog 
MODIFICATION OF THE HOMOGRAFT RESPONSE IN YOUNG etme = 


19-NOR-TES TOS TERONE. B, alle Pepernacter., D.I. Friedman 
R.A. Good. Univ. of Pee 
The The hanograft reaction is a function of differences in 
ic background and immunologic maturity between donor and 
In a non-inbred, white Leghorn strain of chickens 60% of 
old recipients of > I.P. injected, adult, homologous 
spleen cells show evidence of a graft-versus-host reaction 
(GVHR). 7-day old recipients only rarely show signs of a G@ 
after receiving > 10 oon spleen cells. Gicks hatching f 
eggs injected with 19-nor-testesterone (19-nor) on the Sth dy 
of incubation exhibit a profound reduction in lymphoid tissu 
mass, consisting of a small spleen, remnants of thymus, ani 
absence of the bursa of Fabricius (Meyer et hn Ss 12-day 
old normal and 19-nor treated chicks were given 2 x 109 adalli 
spleen cells I.P. A severe GVHR was noted in 19-nor treated 
recipients while normal recipients showed no signs of donor 
cell proliferation. From these observations we conclude that 
exposure to 19-nor in the embryonic period diminishes tie h 
graft response in young chickens, prolonging the embryonic 
stage of immunologic immaturity. Evidence bearing on this 
anism of drug action on the immune response in chickens will 
be presented. (Supported by grants _rom U.S. Public Health 
Service, American Heart Association, Minnesota Heart Associ* 
tion, Minnesota Div. of American Cancer Society.) 


Immunolog 


MORPHOLOGIC DIFFERENTIATION OF NORMAL AND STIMULATED RABBIT 
LYMPH NODE CELLS IN MILLIPORE CHAMBERS. W.V.Epstein* and 
M.R.Ross*. Univ. of Calif. School of Med.,San Francisco, Cal. 

Popliteal lymph nodes were excised from normal adult 
rabbits and rabbits two weeks after foot pad injection of Bi 
and adjuvant. Cells were teased into Hank's solution and th 
differential count and cell viability were determined. 
PVP-macrose was added and cell suspensions placed in Millip 
chambers (pore size 0.45 u). Pairs of chambers were removed 
daily from the third to the fourteenth day. Both normal am 
stimulated cells showed mitotic activity three days after 
implantation. Antigen stimulated cells showed transformati@ 
to polyblast forms by five days while non-stimulated cells 
showed this after nine days. Both types showed an organiza- 
tional pattern of mononuclear cells around polyblasts. 
Multicellular masses developed in chambers containing 
stimulated cells but not in those containing normal cells. 
Cellular division and differentiation of polyblasts was still 
observed at fourteen days. The environment provided by the 
Millipore chamber in homologous animals is adequate to permit 
rabbit lymph node cell survival, multiplication, differentit 
tion and multicellular organization. Differences between 
normal and stimulated donor cells are observed. (Supported 
by Grant A-1229 of the National Institutes of Health.) 





Immunology 


HETEROTRANSPLANTATION OF A HUMAN ADENOCARCINOMA, H.Ad. 
fl, IN THE CHERK POUCH OF NON-CONDITIONED ADULT HAMS ° 
dS. Yohn, W. McD. Hammon, and Robert W. Atchison. Dept. 
Bpid. and Microb., Grad.Sch.Pub.Health, Univ. of Pittsburgh, 
pittsburgh, Pa. 

During oncolytic studies with Toolan's heterotransplantable 
fwman adenocarcinoma H.Ad.#1, it was established that this 
tumor could be passaged serially in the cheek pouch of Syrian 
hamsters without subjecting the host to cortisone or X-ray 
treatment. Studies were undertaken to ascertain the species 
origin of this unique tumor which has been passed consecutive- 
ly more than 40 times in normal hamsters at 2-week intervals. 
Histologic preparations from early passages in conditioned 
animals and later passages in normal hosts were essentially 
alike. Antisera against the tumor and a cell line derived 
therefrom both contained specific agglutinins for human red 
blood cells. Fluorescent antibody techniques were employed to 
demonstrate human antigen in H.Ad.#1 tumor taken directly from 
normal hamsters. Direct karyologic examination of tumor cells 
are interpreted at present as demonstrating cells with human 
chromosomes. Indefinitely continued serial passage of foreign 
tumor tissue in non-conditioned animals has usually been as- 
sociated with loss of original heterologous tumor material, 
but this reported instance appears to be an exception. 
(Supported by a grant from National Institutes of Health.) 


Immunology 


ISOLATION OF SOLUBLE HOMOTRANSPLANTATION ANTIGENS. L.A.Man- 
son,* GeV. Foschi* and J.F. Duplan.* Wistar Inst., Phila.,Pa. 
A lymphoblast L-5178Y, which can be grown as an ascites 
tumor in DBA/2 mice or in tissue culture, has been used as a 
source of the DBA/2 homotransplantation antigens. In vitro 


the cells can be grom in a suspended culture. They grow log- 


arithmically, with generation time of 11. hours. The rout- 


Pathology 


DESTRUCTION OF EPIDERMAL CELLS BY AUTOLOGOUS 
SERUM. Paull. Terasaki, * Charles C. Chamberlain*, 
Jack A. Cannon,* and William P. Longmire, Jr.* 

Dept. of Surgery, Univ. of Calif. Los Angeles. 

It has been possible to show that rabbit epidermal cells 
are killed in vitro by autologous serum. Epidermal cells 
were prepared by trypsinization. Following incubation for 
2 hrs. at 37°C, the viability of the cells was assessed by 
eosin dye exclusion. Fresh normal serum of all ll rabbits 
tested produced a 74-100% depression in percentage of via- 
ble cells at a 1:2 dilution. Heating serum at 56°C for 10 min. 
destroyed toxicity. Dilution of serum in Hanks balanced 
salt solution reduced activity progressively up to a dilution 
of 1:16. In preliminary trials, rat and guinea pig sera were 
also toxic to autologous skin cells. The toxic factor(s) was 
absent in aqueous humor and cerebral spinal fluid. However 
plasma obtained without anticoagulants was toxic. Thus if 
toxic factors are normally present in vivo, various skin 
disorders might be caused by disturbances in a "plasma- 
epidermis barrier." (Supported by grants from U.S. P.H. 
and Calif. Inst. for Cancer Res.) 








Pathology 


AUTOSENSITIZATION TO DENATURED GUINEA PIG GAMMA GLOBULIN. 
F. Miller”, R.T. McCluskey and B. Bemacerraf. Dept. of Path., 
New York Univ. Sch. of Med., N.Y. 

It was previously observed in this laboratory that guinea 
pigs could be rendered delayed sensitive to allotypic gamma 
globulin, but not to their own individual gamma globulin. It 
has now been shown that guinea pigs could be sensitized to 
their own gamma globulin provided it has been previously modi- 


ction ine yield of cells per liter of medium used is 2-3 gms. wet fied by alkaline treatment. Gamma globulin of individual 
fa QR weight. Antigenically active cell-free extracts are made by guinea pigs was isolated by salt fractionation. The effects 
hing f sonic treatment. Several fractions can be separated by ul- of various denaturing procedures, heat, urea, acid, alkali, 

| Sth ay tracentrifugation. All fractions are injected intraperiton- ultra sounds were investigated. The animals were immunized 
d tism— sally into C3H mice. After 5-7 days, the mice are me with their own gamma globulin modified in these ways in com- 
8, and either by tumour graft of 1-5178Y or by skin graft of DBA/2 plete Freund's adjuvant. Guinea pigs, immunized with their 

e l2<dy— skin. Immunized mice show an accelerated rejection of the own alkaline denatured gamma globulin fraction, regularly de- 
OF adit 1BA/2 homograft and of the tumor graft.'A C57B1 homograft veloped delayed sensitivity to it. Similar but less intense 
reated is not rejected at an accelerated rate by these animals. sensitivity to autologous alkaline denatured gamma globulin 
donor The antigen (IA) is as active, or more so, than either the was obtained after immunization with allotypic alkaline de- 
de that microsome or the INP fractions. IA can be lyophilized with- natured gamma globulin. Guinea pigs with delayed sensitivity 
tte b out apparent loss of antigenic activity. The antigenic act- to autologous alkaline denatured did not show signs of ana- 
yonic ivity of IA can be precipitated at pH5. Preliminary experi- phylaxis when it was injected intravenously. Immunization 
this ments have shown that IA can be chromatographed on DEAE ion with autologous gamma globulin denatured by other techniques 
ns will § exchange cellulose columns. Active fractions contain at did not consistently lead to hypersensitivity. 

ealth least protein, RNA and bound sialic acid. (Supported by 

Associ#— ACS grants E-88 & 89 and USPHS grant C-53h.) 
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Pathology 


RECLASSIFICATION OF IDIOPATHIC INTO SYMPTOMATIC 
HEMOLYTIC ANEMIA. Karl L, Both,* Albert Einstein 
Medical Center, Philadelphia, Pa. 

Clinical and immunological follow up work over 
the past 5 years on 31 cases of idiopathic acquired 
hemolytic anemia revealed certain periodic changes 
of serum agglutinin patterns which seemed to corre- 
late with the severity of clinical symptoms. 

In addition, 9 of the 31 patients who have had 
the disease for 14 to 35 months duration, had to be 
Teclassified inasmuch as they developed Hodgkin's 
disease (3); lymphosarcoma (2); Ca. of the sigmoid 
(1); systemic lupus erythematosus with positive LE 
test (1); and lymphatic leukemia (2). From 1 to 3 
months after, and in 3 cases from 2 to 6 months 
before establishement of above diagnoses, eight of 
the patients lost their circulating serum aggluti- 

NS. 

It is believed that the so called "idiopathic" 
acquired hemolytic anemias may actually represent 
very early manifestations of a defense mechanism 
against pathological entities to which, later on, 
these hemolytic anemias are called "symptomatic". 


Supported by NIH Grant #H-1919/C-7. 





Pathology 


NEPHRITIS IN SHEEP INDUCED BY INJECTION OF HETEROLOGOUS 
GLOMERULAR BASEMENT MEMBRANE AND FREUND'S ADJUVANT. Raymond 


W. Steblay# (intr. by D. A. Rowley) Dept. of Ob. and Gyne., 


University of Chicago, Chicago, Illinois. 

Glomerular basement membrane (GRM), prepared from kidnevs 
of rat, dog, rabbit or man, in Freund's adjuvant was injected 
by various routes in adult sheep every 14 days. 12 sheep re- 
ceived 480 to 1419 mg of GEM in 3 to 6 injections. Each 
sheep received GHM prepared from a single species. & sheep 
died 38 to 90 days after injections began. Kidneys from all 
sheep showed a severe nephritis characterized by: marked 
fibrocellular proliferation obliterating Bowman's space, 
casts, blood in tubules and atrophy and dilatation of tubules. 
The 4 remaining sheep developed proteinuria and elevated BUN 
50 to 84 days after injections began. These 4 were sacri- 
ficed and all thad severe renal damage. 6 control sheep were 
injected with Freund's adjuvant alone every 14 days; all re- 
ceived 6 or more injections. 1 sheep sacrificed 100 days 
after injections began had no evidence of nephritis. The re- 
maining 5 are alive 86 or more days after injections began; 
one has moderate proteinuria and a normal BUN; the remaining 
4 are apparently healthy. Kidney damage in sheep receiving 
GBM presumably resulted by an autoimmune mechanism initiated 
by a heterologous kidney antigen incorporated in Freund's 
adjuvant. Supported by grants H-4785, NIH and Chgo, Heart Assoc, 








Immunology 
TWO-DIMENSIONAL SERUM ELECTROPHORETIC PATTERNS IN GUINEA PIGS 
WITH EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS. Wayne State 
Univ., College of Medicine, Detroit, Michigan. M. Vulpe*, 

N. Rotter#, M. Goodman, and Emily Poulikx. 

@ serum of normal guinea pigs groups of guinea pigs 
injected with Freund's adjuvant, adjuvant and liver, adjuvant 
and guinea pig brain, and adjuvant and beef brain were studied 
by two-dimensional (paper-Starch gel) electrophoresis. ‘The 
injected animals were bled eight days after the injection and 
at the onset of neurologic signs. Animals without clinical 
findings were bled 25 days after injection. 

A globulin moving between alpha and beta on paper and with 
slow mobility in starch gel was found in about 50% (of Li) of 
the animals injected with brain and adjuvant, but was not 
found in uninjected controls (17) and not in animals injected 
(5) with adjuvant and liver. However, it was found in two of 
the animals (1) injected with only adjuvant. 

The relationship of this new globulin component to experi- 
mental allergic encephalomyelitis will be discussed. 
(Supported by Grant 226 from the National Multiple Sclerosis 
Society. ) 


McMaster*, Edwin M. Lerner II, and Eurmal D. 
ational Institutes of Health, Bethesda, i. 
Allergic thyroiditis was produced in histocompatible 


in complete Freund's adjuvant. Thyroiditis appeared as early 
as 5 days after immumization, was noted in all animals at 16 
and later, was severe and extensive at 7 weeks and lates, 
has persisted for more than 3 months. Circulating anti- 
id antibody, determined by a modification of the benton- 
flocculation test, was not detected at 5 days in animals 
th thyroiditis and with delayed skin test hypersensitivity. 
Antibodies were detected at 7 to 12 days after immmization, 
were uniformly present at 16 days, were found at highest 
levels in all animals at 7 weeks, and began to disappear at 
14 weeks. By contrast, when animals were immnized with 
thyroid extract in incomplete Freund's adjuvant, neither 
thyroiditis nor delayed hypersensitivity were observed from 
16 days to 14 weeks, al low levels of circulating 
Gays end at 7 weeks. Delayed 


SEER 


itis at the 7 week stage, but did not correlate at the early 
or late stages studied. 


Immunology 
FURTHER OBSERVATIONS ON THE LOCALIZATION OF A 
MUSCLE-BINDING, COMPLEMENT-FIXING SERUM GLOB- 
ULIN FRACTION IN MYASTHENIA GRAVIS. Arthur Strauss*, 
Arline Deitch* and Konrad Hsu*¥. Department of Microbiol- 
ogy, Columbia University, College of Physicians and Sur- 
geons, New York. 

A skeletal muscle-binding, complement-fixing globulin, 
which occurs in the sera of patients with myasthenia gravis, 
has been shown by immunofluorescence technique to localize 
specifically in the alternate major striations of skeletal 
muscle, (Strauss, A.J.L., Seegal, B.C., Hsu, K.C., 
Burkholder, P.M., Nastuk, W.L., Osserman, K.E., Proc. 
Soc. Exp. Biol. Med., 1960, v.105, 184-191). F -rther stud- 
ies employing an improved dark field immunofluorescence 
optical system, together with observations by phase contrast 
and polarizing microscopy, have disclosed that the fluoresc- 
ein conjugated globulin is located only in the lateral portions 
of the A-band, and that the H zone of the A-band exhibits no 
fluorescence. (Aided by grants from the National Institutes 
of Health, and the Jane Coffin Childs Memorial Fund for 
Cancer Research. ) 








Immunology 
ENCEPHALITOGENIC ACTIVITY OF BOVINE NERVOUS TISSUE CELL 
FRACTIONS, Robert E. Olson*, University of 
Minnesota e r) apolis, Minn, 

In an attempt to characterize the antigen, or antigens, of 
EAE, bovine spinal cord and cerebral cortex have been homoge. 
nized in either 0.25 M sucrose or 0,15 N saline. Homogenates 
were subjected to differential centrifugation and precipitates 
injected into rabbits and guinea pigs, The greatest 
togenic activity was found in fractions which settled at 150 
@e The predominately mitochondrial fraction which settles at 
12,000 g. has little encephalitogenic activity. Mit 
preparations studied with the electron microscope have been 
found to consistently contain myelin particles, The supernat- 
ant from 12,000 g. is not encephalitogenic. When spinal con 
is homogenized with sodium alkyl sulfate 1 ¢/100 cc, the re. 
sulting emulsion can be passed through an 0.1 U. Mill: 
filter, This provides a myelin preparation which is free of 
particulate matter of mitochondrial sise or larger when stud- 
ied by electron microscopy. This preparation is encephalito- 
genic. All active fractions studied have contained myelin, I 
is concluded that the encephalitogenic activity of mitechon- 
drial preparation is due to myelin contamination, (Aided by 
grants from U.S.P.H.S., Minnesota Heart Association, American 
Heart Association, Graduate School University of Minnesota, ) 


Immunology 
EFFECT OF DELAYED TREATMENT OF EXPERIMENTAL ALLERGIC ENCEPHA- 
LOMYELITIS WITH 6—MERCAPTOPURINE. L.W. re, 
University of Minnesota Med. Sch., lis, Minn, 
Last year we presented evidence that 6-Mercaptopurine (62) 


marked suppressive effect on EAE, 
in rabbits treated with 6-MP (12 mg./kg./day) after the 9th 
day was 20% while 80% of the control animals became 

When 18 mg./kg./day was given on days 9-18, paralysis was de- 
layed in onset an average of 10 days per animal when compared 
with control animals.When 18 mg./kg./day was given on days l2- 
21 EAE in the treated animals was similar to controls through 
day 14 (40%) but no treated animals became paralysed on days 
15<23, Because 6<MP does not produce a marked leukopenia in 






(Aided by grants from U.S.P.H.S., Minnesota Heart Association, 


American Heart Association, Graduate School Univ. of Minnesota) 


Immunology 


INFLUENCE OF SPLENECTOMY UPON PASSIVE TRANSFER OF ALLERGIC 
ENCEPHALITIS IN A RAT, Koprowski, George A. Jervis*, 
and Diane Schoeniger*. Wistar Institute of Anatomy & 
Biology, Philadelphia, Pa. & Letchworth Village, N.Y. 

When inbred Lewis adult rats were injected intradermally 
with a suspension of guinea pig cord tissue with complete 
Freund adjuvants, the incidence of paralysis observed 11-14 
days later was almost 100%. Lymphnode and spleen cells ob- 
tained from these animals sacrificed 7-9 days after inocula- 
tion of antigen, were then injected intravenously into isol- 
ogous recipients, failing in most cases to cause encephali- 
tis. However, when donor-rats were splenectomized prior to 
exposure to the CNS antigen, inoculation of 50-500 million 
of their lymphnode cells resulted in a fulminant paralysis 
of the recipients observed in several experiments 5-15 days 
after transfer of cells. Donor/recipient ratios and x-ray 
irradiation of the recipients may have played a role as ad- 
ditional factors. (Supported by grant No. C-4534 from the 
U. S, Public Health Service.) 
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Immunology 


ffB ROLE OF ADJUVANTS IN EXPERIMENTAL AUTOIMMUNE THYROIDITIS. 
fhelma Y. Doebbler*™ and Noel R. Rose. Dept. of Bact, and 
fomnol., Univ. of Ruffalo, Buffalo 1h, N.Y. 

Earlier studies revealed that injection of rabbit thyroid 
gline extract (RTSE) into rabbits, when accompanied by Freund 
gjuvants, induces autoantibody formation and thyroiditis 
fed. Proc. 15: 609, 1956), Intravenous or intradermal in- 
jection of large doses of RISE without adjuvant gives no re- 
gpnse. Croups of rabbits were injected repeatedly with the 
following combinations and the response evaluated in terms of 
complement fixation (CF) and tanned cell hemagglutination (HA) 
actions, skin tests and histological studies. 








No. Median TiterSkin Path- 
froup Animals Adjuvant HA CF Test ology 
“IO +=‘ Complete Freund 6,000 Oh ++ ++ 
0 10 Alum 2,000 8 ¢ % 
I 9 Alum & mycobacterium 6,000 32 +++ + 
WV 5 Alum & complete Freund 20,000 128 +++ +++ 


lymph node and spleen cells taken from animals in Groups I and 
WV conveyed positive skin tests to normal recipients. Cir- 
wlating antibodies from all of the groups gave reactions of 
identity in gel precipitation using untreated RISE as antigen. 
{lun precipitated antigen is capable of eliciting circulating 
gutoantibodies with little or no dermal sensitivity and with- 
out pathological change. (Supported by N.I.H grant C 2357.) 


Immunology 


BVIDENCE OF SEPARATE ORGAN-SPECIFIC PROPFRTIES OF HEART AND 
SELETAL MUSCLE, M,H, Kaplan and M, Meyeserian*. Western 
feserve Iniv. School of Med., Cleveland, Ohio. 

Sera of rabbits injected with homogenates of heterologous 
hart tissue from beef or rat contain antihcdies cross-react- 
ive with normal heart tissue of rabbit and other mammalian 
gecies (J. Immunol., 80:254, 1958). Such rabbit antisera 
tested with homologous rabbit organs, contain antibody pre- 
tipitating with saline extracts of heart but not with other 
organ extracts, and complement-fixing antibody showing pre- 
dminant reactivity with heart extract and with washed heart 
tissue suspension. The latter reaction was correlated with 
imunofluorescent staining of an intermyofibrillar antigen in 
Wocardial cells. Antisera to heterologous skeletal muscle 
tzhibited analogous organ specificity in precipitin reactions 
snd a predominant complement-fixation with rabbit skeletal 
mscle extracts. Little or no serologic activity with either 
mbbit heart or skeletal muscle was shown by antisera to other 
heterologous organs. Advantages in the use of cross-reactive 
mtisera ond antigen from the same species in screening for 
general or restricted organ specific antigens were indicated 
in the above systems. 


Immunology 


PRODUCTION OF EXPERIMENTAL THYROIDITIS IN RATS AND MICE. 
Richard S. Metzgar* and James T. Grace, Jr.* Roswell Park 
Memorial Institute, Buffalo, New York. 

Experimental thyroiditis was produced in Fischer rats and 
Swiss, Coo and DBA mice by intradermal injection of saline 
extracts of homologous thyroid glands incorporated in Freund 
complete adjuvant. The thyroid lesion produced in these 
species is similar to that described for guinea pigs, rabbits, 
and dogs (Terplan, et al. Am. J. Path. 36:1960) in that there 
vas reduction in the size and number of follicles with infil- 
tration of inflammatory cell types. The early lesions 
appeared to be perivascular inflammatory reactions with the 
Predominate cell type differing in the two species. Humoral 
antibodies demonstrable by tanned erythrocyte hemagglutination 
and precipitation were elicited in both species. Immuno- 
tlectrophoresis experiments demonstrated the precipitating 
mtibodies to have an electrophoretic mobility of gamma 
globulin while the antigen in the thyroid extracts had an 
tlectrophoretic mobility corresponding to that of thyro- 
globulin. The production of experimental thyroiditis in 


tats and mice was initiated so that in-bred animal lines 
sould be used for passive transfer experiments with immune 
spleen and lymph node cells. 
from American Cancer Society.) 


(Supported in part by a grant 
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IMMUNOLOGICAL STUDIES WITH THYRCGLOBULIN IN NORMAL RATS AND IN 
RATS BEARING EXPERIMENTAL THYROZD TUMORS, Gordon C. ’ 
Falconer Smith and Richard L, Swarm*, Natl. er inst., 
etne: ’ e 

Most of the experimental work concerned with producing 
anti-thyroid antibodies has been done in rabbits where it is 
not difficult to achieve high titers of circulating antibody, 
Since transplantable thyroid tumors are available in inbred 
rats, it seemed of interest to attempt to immunize rats with 
thyroglobulin, In the present study, Fischer rats received a 
single injection of 1.0 mg. of purified rat thyroglobulin in 
complete Freund's adjuvant, The sera were tested for antibody 
by the tanned cell hemagglutination test. These animals de- 
veloped titers as high as 1:8000 by ten weeks, Immunization 
with a single intradermal injection of 1.0 mg. of rat thyro- 
globulin in Freund's adjuvant six weeks prior to transplanta- 
tion of a functioning thyroid tumor resulted in a delay in the 
time of appearance and slowing of subsequent growth of the 
tumor. 


Pharmacology 


TUMOR IMMUNITY: EFFECT OF INDUCED REGRESSION BY FORMALIN AND 
ANTI-TUMOR SERUM. Norman Molomt} o DiMartino*, Grace 


Burke* and sheila , Waldemar cal Research Founda- 
tion, Port W ; New York 


Daily intra-tumor injections of 0.25 ml. 1% formalin 
induced regression of C3HBA mammary tumor implants 
in 50% of C3H mice. Mice with regressicn of tumor were 
divided in two groups, one challenged with a C3HBA graft and 
the second group observed for tumor recurrence. Tumors grew 
progressively in both instances, indicating that in vivo 
induced tumor regression failed to confer immunity. BALB/c 
mice were actively immnized with lyophilized methylcholan- 
threne tumor tissue and subsequently injected with a carcinc- 
genic dose of methylcholanthrene. The treated mice exhibited 
an enhancement of carcinogenesis by a shortened latent period, 
increased tumor progression and earlier death than controls. 
Passive immunization with tumor specific rabbit antiserum to 
methylcholenthrene induced BALB/c tumor tissue resulted in en 
11% lower tumor frequency and extended latent period when 
methylcholanthrene challenge and antiserum treatment were 
concurrent. Antiserum treatment started after methylcholan- 
threne induced papilloma resulted in an enhancement of tumori- 
genesis evidenced by a shortened latent period and earlier 
death than controls. 


Pathology 


QUANTITATIVE IN VITRO ASSAY OF MURINE ISOANTIGENS. Ross Basch* 
and Chandler A. Stetson, Jr., Department of Pathology, New 
York University School of Medicine, New York. 

The cytotoxicity of murine isoimmune serum lends itself 
well to quantitation and permits the assay of isoantigens in 
tissues and their fractions by virtue of their capacity to ab- 
sorb cytotoxic antibody. Application of this approach has led 
to the following observations. Isoantigens have been found in 
highest concentration in cells of lymphoid origin, with some~ 
what smaller amounts in liver, kidney and lung and relatively 
low amounts in smooth and skeletal muscle and brain. These 
isoantigens are relatively stable to homogenization, lyophil- 
ization and storage in the cold, but appreciable losses occur 
on repeated freezing and thawing, on heating above 50 C, and 
on exposure to protein denaturants. They are rapidly inactiva- 
ted below pH 5 and above pH 9 and are quickly destroyed upon 
exposure to 0.01 M periodate. Activity is not destroyed on in- 
cubation with DNAse, RNAse, trypsin or amylase. Differential 
ultracentrifugation in appropriate media permits concentration 
of the isoantigenic activity of homogenates in a fraction cor 
taining mitochondria. The properties of these isoantigens are 
generally similar to those described for the antigens respon- 
sible for homograft "enhancement" and for Momograft immunity. 
(Supported by a grant from the Nat. Inst. of Health, USPHS ) 














Pathology 


THE IMMUNOLOGIC MECHANISM OF THE TRANSMISSION OF 
EXPERIMENTAL GLOMERULONEPHRITIS IN PARABIOTIC RATS. 
Kurt » Max Wachstein and Stephen E. McPherson.* 

3. Medicine and Pediat cs, New York Medic. 
Co. centitenpeliten Medical Center, New York, N.Y. and 
Dept.of Pathology, St.Catherine's Hospital, Brooklyn,N.Y. 

The nephrdtso, by roe at membranes in the kidneys of rats 


bit serum show immedia 
the pres aoe wie a: Yabhit gum gamma glo! ay, % et : when examined with a pe 
fluorescein labelled antirabbit gamma globulin serum. Rat 
gamma globulin, presumably rat antibody, appears only after 
approximately six days on these membranes. The parabiosis 
of such nephritic rats to healthy rats leads to a mild but 
clear cut nephritis in the healthy partner with proteinuria 
and typical histologic changes. Rat gamma globulin, presum- 
ably antibody, but not rabbit gamma globulin can be shown on 
the glomeruli of such secondarily diseased animals, The 
biosis of two normal rats does not lead to such a deposition 
of antibody or to clinical disease. Thus the primary nephri- 
tic partner seems to form an auto-antibody against ite on own. 
altered kidney tissue. This antibody is then in turn able to 
attack the healthy kidney tissue of the secondary partner. 
Mild transitory disease of the primary r does not lead 
to disease in the secondary partner. ease and rat gamma 
globulin deposition in the secondary partner can be produced 
by parabiosis to a chronically diseased primary partner as 
late as 90 days after onset. (Aided by PHS grant A-302 C6) 


Pathology 


THE SPLEEN IN INDUCED REGRESSION OF AND RESISTANCE TO 
MURPHY-STURM LEUKEMIA, Claude R. Thomas* and Russell §, 
Jones. Dept. Path., U. of Utah Coll.Med., Salt Lake City, Utah. 
The role of the spleen in the regression of as well as subsequent 
resistance to Murphy-Sturm lymphoma cells was investigated by sple- 
nectomy plus intraperitoneal transplant of splenic tissue from rats 
treated in various ways. Leukemia was produced by the intravenous 
injection of lymphosarcoma cells. The presence of the host's spleen 
was unnecessary for the production of regression of leukemia by po- 
fysaccharide from K. pneumoniae or transfer of tumor resistance by 
the intraperitoneal implantation of splenic tissue. Donor splenic tis- 
sue was more effective in preventing transplanted leukemia when ob- 
tained from animals with regressed leukemia than from those with 
regressed lymphosarcoma. Splenic tissue from animalis with intact 
lymphomas did not transfer resistance. Splenic tissue from normal 
animais did not prevent the development of leukemia but splenic tis- 
sue from a polysaccharide-injected animal had a moderate anti-feu-. 
kemic effect. These results are interpreted as indicating a) an im- 
portant but not essential role of the spleen in the production of tumor 
regression by a bacterial polysaccharide complex and in the subse- 
quent resistance to tumor transplant, b) a possible common mecha- 
nism for induced regression and subsequent resistance to leukemia. 


Pathology 


ALTERED IMMUNOLOGIC REACTIVITY OF CELLS RECOVERED FROM PA- 
RENTAL STRAIN WHOLE THYMUS GLAND GRAFTED INTO Fj HYBRID 
HOSTS. Andree Dubert* and Henry S. Kaplan. Department of 
Radiology, Stanford University School of Medicine, 

Palo Alto, California. 

Cell suspensions from strain C57Bl mouse thymus glands 
induce a homologous, graft-vs.-host wasting disease in F) 
(C57Bl1 x BALB) hybrid hosts (Kaplan and Rosston, Stanford 
Med. Bull. 17:77, 1959). In contrast, whole thymus glands 
from C57Bl donors grafted subcutaneously into F) hosts 
elicit no immune reaction. Instead, they undergo a sequence 
of necrosis and regeneration (Carnes et al., Cancer Research 
16:429, 1956); that the regenerated graft is usually derived 
from donor, rather than host, cells is indicated by its 
retransplantability to C57Bl mice. Whole thymus glands from 
15-day-old C57Bl mice, grafted subcutaneously to adult F) 
hybrids, were recovered after 30 days and suspended in 
saline. Newborn Fj hybrid and foreign strain (AK) hosts 
injected I-P with 30-40 x 10 cells were assayed at 10 days 
for histoincompatibility (Simonsen et al., Ann. N. Y. Acad. 
Sci. 73:834, 1958). Control thymic cell suspensions di- 
rectly from C57Bl donors were reactive against both hosts; 
cells recovered from C57Bl thymuses grafted to F, hybrids 
were inert in F, hybrid test animals, though active against 
strain AK hosts. 





019-030 ANTIGENS; 


STUDIES ON EXPERIMENTAL IMMUNE THYROIDITIS IN THE GUINEA Pig. 


Peter Miescher,* Fred Gorstein,* and Baruj Benacerraf, 
New York University School of Medicine, New York, N.Y. 

The purpose of this series of experiments was to 
analyze whether the incidence of experimental immune 


thyroiditis following the injection of thyroglobulin bears a 


relationship to the formation of circulating antibody as 
measured by the passive hemagglutination technique, or to 
delayed type of hypersensitivity to thyroglobulin as evalu= 
ated by intradermal skin test. Use was made of the fact 
that when minimal amounts of the immunizing antigen 
(thyroglobulin) are heavily conjugated with a haptene (picryl 
chloride), serum antibody production is considerably 
decreased without interfering with the ability of the anti« 
gen to induce delayed type of hypersensitivity. The results 
of these experiments clearly indicated that there existed 

a close relationship between the incidence of delayed type 
of hypersensitivity to thyroglobulin and the production of 
experimental thyroiditis. No such correlation could be 
found with respect to circulating antibody. 


Immunology 


SUPPRESSION OF TRANSFERRED LYMPH NODE CELLS IN ADULT AND 
NEONATAL RECIPIENT RABBITS. T.N. Harris, Susenna Harris, 
and Miriam B. Farber*: Children's Hosp. of Phila. and 
Univ. of Penna., Phila. Pa. 

In an earlier study it was shown that the production of 
anti-Shigella agglutinin by transferred lymph node cells 
which had been incubated in vitro with Shigella-trypsin 
filtrete could be prevented by incubation of the lymph node 
cells with rabbit-enti-rabbit-leucocyte antiserum. It has 





also been found that such suppression of trensferred lymph 


node cells can be actively induced in neonetal rabbits, as 
had been found in older rebbits, by the prior injection of 
leucocytes from the prospective donors. In the present 
study neonatal and older rebbits were compared in the active 
induction cf the suppressive effect and the production of 
suppressive antibody. It was found thet the suppressive 
effect wes actively induced to the seme degree, by an in jec- 
tion of given numbers of leucocytes, in neonetal or older 
rabbits. In contrast, the concentretion of lymph-node-cell- 
suppressive entibody in the serum of leucocyte-in jected neo- 
natal rabbits wes found to be merkedly lower than that of 
older rabbits injected with rabbit leucocytes. 


Immunology 


THERMOSTABLE ALCOHOL-INSOLUBLE ORGAN SPECIFIC ANTIGEN OF 
BOVINE ADRENAL. Felix Milgrom* and Ernest Witebsky. Univ. 
of Buffalo School of Med., Buffalo, N. Y. 

Antisera of rabbits injected with bovine adrenel suspension 
incorporated in Freund adjuvants reacted in 1 variety of sero 
logical tests with saline extracts of bovine adrenal and other 
bovine organs. By means of absorption experiments as well a3 
by the double diffusion gel precipitation method the presence 
of antibodies specific for adrenal extracts was revealed. In 
immunoelectrophoresis the specific reaction appeared as a 
heavy line cn the anodal part of the electrophoretic field. 
When the saline extracts of bovine organs were autoclaved at 
120°C the adrenal specific antigen remained unaltered whereas 
all but one minor antigen shared by other bovine organs were 
destroyed. The thermostable adrenal antigen proved to be 
phenol-soluble and ethanol-insoluble, and apparently was asso 
ciated with the medulla rather than the cortex. A similar if 
not identical antigen occurred in the adrenal of sheep. Rab- 
bits injected with partially purified bovine adrenal antigen 
produced very potent adrenal specific antisera. The antigen 
under investigation was not related to another adrenal speci- 
fic antigen--thermolabile and of protein character--described 
in a previous communication on rabbit isoimmunization with 
adrenal, 

(Supported by grants from N.I.H. and The National Foundation.) 
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Immunology 


FURTHER INVESTIGATIONS OF THE PHYLOGENETIC PATHWAY OF 
LENS PROTEINS. W. Manskl, T. Auerbach", and S. P. Halbert, 
Columbia University, College of Physicians and Surgeons, N.Y.C. 
Lenses taken from bovine, human, chicken, alligator, turtle, frog, men- 

























































































ears 9 haden, shark and lamprey eel were used for preparing antisera in rabbits. 
as The soluble lens proteins prepared from a variety of animals representing 
to the phylogenetic development of vertebrates were tested by immuno- 
— electrophoresis with these sera. A minimum of 9-10 components were 
found in all homologous reactions. The number of components in common 
(picryl between different lenses depended on their relative position in the evo- 
lutionary scale and the cross-reactions decreased when ascending or de- 
anti= sending the phylogenetic pathway. These sera were absorbed with diff- 
esul ts erent lenses and tested again by i lectrophoresis. Thus, anti-ma- 
ted mmalian lens sera absorbed with other mammalian lenses removed all but 
ag one of the components present in the homologous reaction. These anti- 
; " sera absorbed with lenses from species lower in phylogenetic position, 
(e.g. frog), does not change the homologous pattern by the number of 
cross reactions observed. The accumulated data with respect to all of 
the antisera and the absorption tests carried out are discussed in relation 
to vertebrate evolution. 
031 BIOLOGICAL OXIDATIONS 
mology Biochemistry 
, Growth of E. coli on Methylphosphonic Acid, L. D. 
Ba Jeleznick*, T. C. Myers*, and E. B. Titchener.* 
miv. of Ill. Coll of Med., Chicago, Iilinois 
The Crooks strain of E. coli has been shown to 
of be capable of growth on Compounds containing a C-P 
‘ bond (methyl- and ethylphosphonic acids) as the 
sole source of phosphorus. Apart from the isola- 
‘ode tion of 2~aminoethylphosphonic acid from the proto- 
ae zoa of rumen intestine (Horiguchi, M. and Kanoatsu, 
ph M., Nature 184, 402 (1959)), there has been no re- 
“ port of a biological utilization of compounds con- 
of taining this extremely stable bond. E. coli was 
found to grow at approximately the same rate on 
tive methyl- and ethylphosphonic acids as on inorganic 
f phosphate. Essentially the same growth rate was 
observed over nine transfers to fresh methyl phos- 
Jec- phonic acid medium. The synthetic methyl- and 
i ethylphosphonic acids had less contaminating inor- 
elle ganic phosphate than the salts required in the med- 
Sein ium. Comparison between total acid hydrolyzable 
: phosphate of the initial inoculum and of the final 
culture following centrifugation, indicated a ten- 
fold increase in the intracellular phosphate. 
(Aided by Predoctoral Fellowship U.S.P.H.S. CF- 
6460). 
ology Biochemistry 
ve METABOLISM OF DERIVATIVES OF HEXAHYDROBENZOIC ACID. M. J. 
Sveeney, Jr.* and D. R. Strength. Dept. of Biochemistry, St. 
asta louis Univ. Sch. of Med., St. Louis, Mo. 
sero- Rats were given 140 mg of sodium hexahydrob te-7-14c 
other (HBA) subcutaneously, Within 24 hours 82% of the radio- 
1 as activity appeared in the urine. This was extracted, sub- 
ence jected to conditions for quantitative nitration of benzoic 
In acid (BA) and hippuric acid (HA) and chromatographed on 
silicic acid. The first effluent contained labelled com- 
i. ponents corresponding to nitro-BA and HBA, respectively. The 
at Next labelled portion contained nitro-HA and hexahydrohippuric 
eal acid (WHA). HHA-14c (m.p,, 157.5-158.5°) was isolated from 
re the first fractions of the conjugated acids and its identity 
was confirmed by specific activity, isotopic dilution, paper 
380° chromatography and characteristic color developed by 
- if Gaffney's reagent. A third component, not identified, was 
abe eluted with methanol. Animals given 106 mg of HBA excreted 
en HBA and HA but no HHA, These quantitative data with results 
en of direct studies of the metabolism of BA, HA or HHA permit 
ory the conclusion that aromatization precedes conjugation. 
bed 
on.) 


















Biochemistry 


THE METABOLISM OF INTRACELLULARLY GENERATED DI- AND TRIPHOS- 
PHOPYRIDINE NUCLEOTIDES-4-H3, Daniel W. Fostes* and 
Ben Bloom. Natl. Insts. of Health, Bethesda, Md. 

By modification of a previously described gpproach (J.Biol. 
Chem. 234, 2158, 1959) the incorporation of H® and C4 into 
fatty acids, cholesterol, glycogen, COj and HOH has been de- 
termined following incubation of rat liver slices with 
glucose-1-H3,Cl4, glucose-6-H?,C14, and glycerol-2-H?. With 
the labeled glucose substrates (corrected to an initial H3:C14 
ratio of 1:1) the isolated fatty acids and cholesterol were 
found to contain H9:C14 ratios of 0.09 and 0.14 from glucose- 
6-H?,C14 and 6.0 and 4.4 from glucose-l-H*,C!4. The data 
from the glucose-6-H3,Cl4 experiments permit evaluation of the 
amount of HY reaching fatty acid and cholesterol attached to 
cl4, When this data is applied as a correction to the results 
obtained with glucose-1-H3,Cl4, an appreciation of the role 
of TPNH generated by the G-6-PO, dehydrogenase reaction in 
fatty acid and cholesterol synthesis is obtained. Under these 
conditions a typical partition of TPNH into water:fatty acid: 
cholesterol is 1.0:0.02:0.0008, while a similar partition from 
DPNH generated from glycerol-2-H? is 1.0:0.004:0.0003. It is 
concluded that the difference in the metabolic partitions of 
intracellularly generated DPNH (glycerol-P04 dehydrogenase) 
and TPNH (G-6-PO4 dehydrogenase) is small. 






Biochemistry 


THE EFFECT OF BILATERAL ADRENALECTOMY ON THE OXIDATION OF 
ALPHA GLYCEROPHOSPHATE (AGP) BY RAT LIVER MITOCHONDRIA. 
K.S. Henley,* H. Kawata,* H.M. Pollard,* E. Olson,* and 
E. Riehl*, Section of Gastroenterology, Dept. of Internal 
Medicine, U. of Michigan Medical School. 

To study the possible effect of adrenal cortical secretions 
on the hepatic parenchyma, oxidation of AGP in non-phosphory- 
lating rat liver mitochondria was determined in adrenalectomi- 
sed animals, and sham operated, pair-fed controls. Oxidation 
was measured by the amount of dihydroxyacetone phosphate pro- 
duced. The activity of the particulate AGP dehydrogenase com- 
plex was increased by bilateral adrenalectomy on a fresh 
weight and mitochondrial protein basis. (P less than 0.001). 
The effect of adrenalectomy could not be reversed by 0.1 mg of 
long acting epinephrine, 0.4 mg of corticosterone, 0.1 mg of 
d,1 aldosterone or 0.02 mg of hydrocortisone, all given twice 
daily. If the adrenals were demedullated and the cortex al- 
lowed to regenerate, the effect of bilateral adrenalectomy 
was abolished. Adrenal cortical secretions may act by enhan- 
cing the action of inhibitors which limit substrate oxidation 
in non-phosphorylating mitochondria. (Supported by U.S.P.H.S. 
A-2853, and U. of Michigan Cancer Research Institute.) 





Biochemistry 


N-HY DROXY-2-NAPHTHYLAMINE, A URINARY METABOLITE OF 2-NAPH- 
THYLAMINE IN MAN AND DOG. Walter Troll and Norton Nelson. 
Institute of Industrial Medicine, N.Y.U. School of Medicine, 
New York, N.Y. 

The recent demonstration of N-hydroxy-2-acetylaminofluor- 
ene as a major metabolite of acetylaminofluorene in the rat 
has raised the question whether N-hydroxylation is an import- 
ant step in aromatic amine metabolism. Since non acetylated 
N-hydroxylamines are subject to rapid air oxidation the de- 
monstration of N-hydroxy-2-naphthylamine (NHN) as a metabolite 
of 2-naphthylamine required a specific method for rapid assay. 
The method developed involves the formation of the nitroso 
derivative of NHN (Neocupferron). NHN was prepared by 
ammoniacal H,S reduction of 2?=nitronaphthalene and converted 
to neo-cupferron by treatment with isoamyl nitrite and ammon- 
ja gas. The ferrous complex of neo-cupferron is extracted 
by cyclohexane and has a characteristic spectrum. The pres« 
ence of NHN in fresh urine of three patients and seven dogs 
dosed with 2-naphthylamine was demonstrated by this method. 
Conjugates of NHN appear to be excreted as well. After in- 
cubation of ether extracted urines with @-glucuronidase and 
acid phosphatase increased NHN oxidation products could be 

extracted with ether. The role of NHN as a possible bladder 

carcinogen will have to be evaluated. (Supported by a grant 

from N.I.H.). 













Biochemistry 


PROSTHETIC GROUP OF RABBIT LIVER ALDEHYDE OXIDASE. K.V. Raje- 
gopalan*, Irwin Fridovich, and Philip Handler. Dept. of Bio- 
chemistry, Duke University, Durham, N.C. 

Aldehyde oxidese from rabbit liver, which oxidises N-methyl 
nicotinamide (I), has been purified about 200 fold. The dif- 
ference spectrum of the oxidised and reduced enzyme shows no 
evidence of a flavin. The reduced enzyme shows a marked de- 
crease in absorbance in the region 260-310 m, with a peak at 
277 m. The enzyme is completely inhibited by 10-° M mena- 
dione; milk xanthine oxidase and snake venom L-amino acid 
oxidase are not inhibited by 10-4 M menadione. 0.33 pg/ml of 
antimycin A did not inhibit aldehyde oxidase, whereas 10-4 mM 
amytal caused 50% inhibition of its aerobic activity. Xan-— 
thine oxidase was not inhibited by 10-5 M amytal. Aerobic 
oxidation of I by the enzyme results in formation of hydrogen 
peroxide. Reduction of cytochrome C by the enzyme is competi- 
tively inhibited by the metal chelating agent tiron (1,2-dihy- 
droxybenzene-3,5-disulfonic acid). These results strongly 
indicate that the active site of rabbit liver aldehyde oxidase 
involves a metal and a quinone-like compound such as coenzyme 
Q. Hog liver aldehyde oxidase resembles the rabbit liver en- 
zyme in its u.v. difference spectrum, inhibition by menadione 
and substrate specificity. 


032 BIOLOGICAL OXIDATIONS—Cytochromes 
Biochemistry 


THE OXIDaTION-REDUCLION POTENTIAL OF CYTOCHROME a. 
K.Minnaert, * University of Amsterdam. 9 

as been shown that the oxidised and reduced 
forms of cytochrome a play a role in the cytochrome 
oxidase reaction. A Third form can be prepared by 
addition of ferricyanide to a purified and solubi- 
lised preparation of cytochrome oxidase. To gain 
insight in the nature of these forms, we determined 
spectrophotometrically the redoxpotential of the 
transition: ferricyanide form/reduced form, -using 
cytochrome c as a reference. The deternination 
was performed by gradual addition of ferricyanide 
to a mixture of cytochrome c anda purified and 
solubilised preparation of Cytochrome oxidase in 
the presence of ferrocyanide, all manipulations 
being done in the strict absence of oxygen. The 
redox potential of cytochrome a[ferricyanide form/ 
/reduced form] was 18 mV higher than that of 
cytochrome c at pH 7°4. These forms of cytochrome 
a appeared To differ by 0.5 oxidation equivalents. 
This unexpected result could be explained if the 
cytochrome oxidase preparation contains another 
group which does not influence the spectrum and 
which can oxidise the Fe-atom of cytochrome a in 
the presence of ferro- and ferricyanide. si 


Biochemistry 


REDUCTION OF CYTOCHROME a AND a, PREPARATIONS. 
W.B.Elliott, Dept. of Biochemistry, University of Buffalo, 
Buffalo, N.Y. 

Studies of the reduction of cytochrome a + a; in the 
presence of detergents have given additional support to the 
idea that cytochrome a + a, are two separate haemoproteins 
(Yonetani) with different rates of reduction by either exogen- 
ous or endogenous reducing materials. The reduction of 
Smith and Stotz, type I and II preparations has been studied 
under aerobic and anerobic conditions with a variety of de- 
tergents added as solubilizers, Under some conditions the 
rate of reduction of cytochrome a was several hundred-fold 
more rapid than the rate of reduction of cytochrome a;, The 
results obtained support the conclusion of Yonetani that cy- 
tochrome a and a; are separate haemoproteins but do not per- 
mit any decision as to whether both haems*are bound to a 
single protein or whether the enzymes are separate and dis- 
tinct but both bound to a larger sub-unit of the cell. 
(Supported by a grant, RG6241, from the Public Health 
Service). 
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Biochemistry 
INFLUENCE OF IONIC STRENGTH AND CYTOCHROME ¢ CONCENTRATION Oy 
OXIDATION OF FERROCYTOCHROME ¢ BY CYTOCHROME OXIDASE, : 
Conrad and A,R,Wasserman, Johnson Foundation, University of 
Pennsylvania, Philadelphia, 


Smith and Conrad showed (Arch,Biochem, Biophys, 63:403,1956) 
that oxidation of ferrocytochrome ¢ by cytochrome oxidase ig 
first order for ferrocytochrome ¢ at concentrations up to 1% 
pM, The velocity constant, k, at pH 7,0, is an inverse func. 
tion of the concentration of cytochrome ¢ (ferro= and fe: 
Purified beef heart cytochrome oxidase (made by T, Yonetani) | 
was lyophilized and freed from detergents, Plots of k vs, log 
p (ionic strength) gave straight lines with negative slopes 
in the region from optimal p to higher p» values, The slopes 
of these lines decreased numerically with increasing concen. 
tration of cytochrome ¢, At optimal yp the plot of k vs, log 
Fytochrome g]was a straight line with negative slope. Sodium 
chloride and sodium phosphate had similar effects, Highly px 
rified wheat germ cytochrome ¢ (Wasserman, Ph.D. thesis, U, of 
Wise, 1960) was as active as Keilin and Hartree beef heart 
cytochrome ¢ and showed the same p and inhibition effects, 
The cytochrome ¢ oxidase reaction was inhibited by acetylated 
cytochrome ¢ (ferro- or ferri-) and by poly-L-lysine, but not 
by basic amino acids or dipeptides, The rate-limiting step 
of the reaction thus appears to be the interaction:of charged 
active sites on cytochrome ¢ and its oxidase, 


Biochemistry 


PROPERTIES OF AN ELECTRON TRANSPORT PARTICLE FROM S. AUREUS, 
W. Taber* and Martin Morrison, Dept. of Biochemistry, 
Wetival Center, Univ. of Yochester, Rochester, N.Y. : 
A particulate aration from St ococcus aureus can 
cutaiend by ieoubakinn with peony east TB Erts Bur fer fol- 
lowed by sonic oscillation in phosphate, The DPNH oxidase ami 
ethanol oxidase activities of this particle are 1.8 and 1.4 
moles 0./mg protein/hr., respectively. Succinate is oxidized 
at about 1/5 the rate of DPNH, and TPNH oxidation is very lov, 
These activities are not inhibited by Antimycin A and amytal, 
but there is marked depression of activity with cyanide and 
carbon monoxide, When the particles are incubated anaerobic- 
ally with substrate, spectra characteristic of reduced cyto- 
chromes o and a appear, having maxima in the visible ne at 
557 m and 600 m, respectively. No cytochrome c can be 
penn spasiveghatenshetaaitny furthermore, all Remin in the 
preparation can be isolated by acid-acetone extraction. Only 
protohemin and hemin a are present in such an extract, These 
can be identified by Chromatographic and spectral means, 5, 
aureus cytochrome a is thus shown by its spectrum and pros- 
thetic group to differ from cytochromes a, and a. The oc- 
currence of cytochrome a with cytochrome o is of interest be- 
cause it constitutes a unique combination of these two respi» 
tory pigments. The terminal pigment appears to be cytochrome 
0, since the action —s is similar to the absorption 
Spectrum of the cytochrome o - carbon monoxide complex. 


Biochemistry 


THE EFRECT OF 2-AMINO-1-NAPHTHOL ON CYTOCHROME C. Sidney 
Belman*, Walter Troll and Norton Nelson. Institute of Indust 
rial Medicine, N.Y.U. School of Medicine, New York, N.Y. 

The reaction of 2-amino-l-naphthol (ANO), a known bladder 
carcinogen, with rat bladders resulted in the formation of & 
protein-amino conjugate of 1,2-naphthoquinone (NQ). The 
cytochromes provide a possible biological mechanism for the 
oxidation of ANO to NQ. This reaction of ANO with cytochrom 
C at pH 7 was therefore examined. ANO immediately and 
stoichiometrically reduced cytochrome C and was quantitativer 
ly oxidized to NQ. The spontaneous reoxidation of cytochrome 
C, previously observed by Gutmann with similar compounds, 
was confirmed. This reoxidation was shown to be dependent oD 
the presence of air. Subsequent reduction with ascorbic acid 
or hydrosulfite also resulted in the spontaneous reoxidiza- 
tion of cytochrome C. These results indicate that the reac 
tion of ANO with cytochrome C has converted the non auto- 
oxic izable enzyme to one which is oxidizable by air. Carbon 
monoxide did not combine with aNO reduced cytochrome C, as it 
does with denatured cytochrome C. Clearly a different 
mechanism involving activation of oxygen is involved here. 
(Supported by a grant from N.I.H.). 
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Biochemistry 
REACTION OF COPPER IN CYTOCHROME OXIDASE. Takashi Yonetani.* 





jonnson Foundation, University of Pennsylvania, Philadelphia, 
Penna. 

The valence of copper in a purified preparation of cyto- 
chrome oxidase from beef heart was investigated through the 
yse of Bathocuproine sulfonate, BCS (Zak, Clin. Chim. Acta, 
3:328, 1958). Both the reduced protein-bound copper and an 
inorganic cuprous ion can be stoichiometrically titrated with 
pes at a neutral pH. During aerobic steady states the absorp- 
tion peaks at 445 and 605 mp maintain their oxidation-reduc- 
tion levels while the concentration of the cuprous copper in- 
creases continuously, although the polarographic trace of the 
time course of oxygen consumption shows a straight line indi- 
cating a constant rate of enzyme reaction during the steady 
states. This and previous results (Yonetani, Biochem. Biophys. 
Res. Comm., 3:549, 1960) are difficult to reconcile with the 
possibility that copper may participate in electron transfer 
of cytochrome oxidase. The effect of BCS on the cytochrome 
oxidase preparation is compared with its effect on other 
copper proteins. 





Biochemistry 


PROPERTIES OF C-TYPE CYTOCHROMES OF CHROMATIUM. Robert G. 
Bartsch. Graduate Department of Biochemistry, Brandeis 
University, Waltham, Mass, 

A new c=type cytochrome (C-II) in addition to the pre- 
viously described RHP and predominant c-cytochrome (C-I) 
(Bartsch and Kamen, J. Biol. Chem., 235, 825 (1960)) has been 
isolated from Chromatium grown photo-autotrophically on a 
sulfide-thiosulfate-bicarbonate medium, Both c cytochromes 
are autoxidizable, react with CO and have similar reduced 
spectra, The oxidized spectra are distinctive; the C-II 
Soret band is at 407 m and the C-I Soret band is at 411 m, 
with prominent shoulders at 450 and 480 mu. The latter 
absorption bands are correlated with the presence of flavin 
inC-I. No flavin has been detected in C-II. The C-I flavin 
cannot be removed by treatment with acid ammonium sulfate, 
trichloracetic acid or organic solvents, FMN and heme 
peptide can be isolated from a tryptic digest of heat- 
denatured C-I by paper electrophoresis at pH 5. If 
allowance is made for probable losses of flavin in the 
isolation procedure, the molar ratio approximates 
1 FMN/3 heme/mole of C-I. The a of flavin ee 
an enzymatic nature for C-I. Of numerous biologically 
probable substrates tested anaerobically, only DPNH or 
TPNH reduce C-I, but at so low a rate as to suggest 
nonenzymatic reaction, or the absence of a second factor. The 
search for C-I substrate continues, and the possible 
implication of C-II in metabolism of sulfur compounds by 
Chromatium has yet to be studied, 


Biochemistry 


KINETICS OF THE OXIDATION OF FERROCYTOCHROME c BY CYTOCHROME 

¢ OXIDASE IN AIR. E. T. McGuinness* and W. W. Wainio. Bureau 
of Biological Research, Rutgers, The State University, New 
Brunswick, N. J. 

From an analysis of rates at several concentrations of 
ferrocytochrome c it is concluded that the oxidation of ferro- 
cytochrome c by cytochrome c oxidase in air may be described 
with either zero- or first-order kinetics. Data analyzed 
according to the integrated form of the rate equation reveal 
that the reaction is first-order with respect to ferrocyto- 
chrome c concentration in time. By a technique of analysis 
employing the differential form of the rate equation, initial 
Teaction velocities are obtained and the influence of the pro- 
duct, ferricytochrome c, is reduced to a minimum. Under these 
conditions the velocities are maximal and the kinetics are 
zero-order. Thus the decrease in the rate constant with an 
increase of the total cytochrome ¢ concentration that has 
been encountered by us and by others can be explained by the 
fact that the ferricytochrome c is functioning as an 
inhibitor. None of the data indicate that ferrocytochrome 
¢ is inhibitory. (Supported by a grant from NSF) 
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Biochemistry 


WON-ENZYMIC INTERACTIONS OF DPN* WITH ORTHOPHOSPHATES AND 

CERTAIN OTHER ANIONS. §& pnd Es Dogars ie 

Sinai Med. Res. Fndn. > The Chicago “ 
During studies of DPN*-indole interactions (Fed, Proc., 

308, 1960) we reinvestigated the absorption spectra of 

in phosphate buffers. When the absorbancies of phosphate and 


phate. 
but acetates and chlorides were ineffective. The intensity 
of the differential absorbancy increased with increasing pH 
in the range from pH 4.0 to pH 8.5. Beer's Law was followed 
in the Oa en ee ear o oe Oe 
XHPO, © 1/1) and in the renge of DPN* conc. from 0 M 
0.0037 M. The above spectral changes may be due to formation 
of charge-transfer complexes. But, whatever their nature, 
they might ultimately result in separation of previously in- 
tremolecularly associated groupings and unfolding of the DPN* 
molecule. by Grants No. E-2h36 from the NIH, No. 
G=764 from the NSF and No. Pe2h1 from the Am.Cancer Soc.,Ince) 


Biochemistry 


DPNH-TETRAZOLIUM DIAPHORASE OF MYCOBACTERIUM TUBERCULOSIS. 
Takuzo Oda and Dexter S. Goldman, V.A. Hospital and the Univ 
of Wisc., Madison, Wisc. 

Cell-free extracts of the H37Ra strain of M. tuberculosis 
contain a soluble DPNH-Nitro-Blue Tetrazolium (nitro-BT) dia- 
phorase. Two moles of DPNH are oxidized for each mole of 
nitro-BT reduced. Fractionation of the extract with ammonium 
sulfate yields two diaphorase-containing fractions. [If the 
higher ammonium sulfate fraction is purified by chromatography 
on DEAE cellulose two separate diaphorase fractions, 50 and 40 
times more active, respectively, than the original are ob- 
tained. The two diaphorases have the same pH optimum but 
differ in their Michaelis constants, flavin content and be- 
havior to inhibitors. Neither diaphorase contains any cyto- 
chrome and we have been unable to reduce the flavin with sub- 
strate. The purified diaphorase reduces other tetrazolium 
salts but nitro-BT is the most active acceptor. Crude cell- 
free extracts also contain DPNH-ferricyanide, -dichloro- 
phenolindophenol and -mammalian cytochrome c diaphorase ac- 
tivities. The latter activity is destroyed by dialysis but 
the others purify along with the nitro-BT activity. It is not 
yet possible to decide if the same enzyme catalyzes all these 
reactions. It is suggested that the diaphorase(s) represents 
an alternate terminal electron transport pathway in M. tuber- 
culosis. (Supported by USPHS Research Grant E2416). 








Biochemistry 


THE ISOLATION AND PROPERTIES OF A MITOCHONDRIAL DPNH-COENZYME 
Q REDUCTASE. A. G and *, Institute for 
Ensyme Research, y of Wisconsin, Madison, Wisconsin, 


The purified DPNH-cytochrome ¢ reductase (I) /Y. Hatefi 
et al., Fed. Proc. 19, 31 (1960) 7 of beef heart mitochondria 
can be Pactual means of cholate and ammonium sulfate 
to yield a flavoprotein containing particle (II), which is 
capable of catalyzing the reduction of coenzymes Q by DPNH. 
The enzymic activity of the preparation is inhibited by Amytal 
and by p-chloromercuriphenyl sulfonate. Only the isopreno- 
logues of coenzyme Q are reduced by (I) and (II). 2,3- 
Dimethoxy-5,6-dimethyl benzoquinone and 2,3-dimethoxy-6- 
methyl benzoquinone, which have the same chromophoric struc- 
ture as coenzyme Q but lack the isoprenoid side chain cannot 
replace the latter as electron acceptor. Preparation (I) 
contains DPNH-dehydrogenase flavoprotein, coenzyme Q, non- 
heme iron, cytochrome b and cytochrome c}. Preparation (II) 
has a relatively high concentration of Te flavoprotein and 
only residual amounts of cytochromes. During the fractiona- 
tion of (I), cytochromes b and Cy (III) are recovered in a 
fraction separate from (IT). By combining (II) and (III), a 
DPNH-cytochrome c reductase system can be reconstructed, 
which similar to the original particle (I) is sensitive to 
both Amytal and antimycin A. 











Biochemistry 


INHIBITION OF THE MAMMALIAN SUCCINOXIDASE SYSTEM BY A FACTOR 
ISOLATED IN CONJUNCTION WITH LIPOPOLYSACCHARIDES FROM PAS-~ 
TEURELLA TULARENSIS AND SERRATIA MARCESCENS. Harold A. 
Neufeld, Ronald L. Coleman® and David Stefanye*. U.S. Army 
Chemical Corps, Fort Detrick, Frederick, Maryland. 

Lipopolysaccharides were extracted from a virulent and an 
avirulent strain of P, tularensis and from several strains of 
S. marcescens with phenol. popolysaccharide from P. 

msis evoked agglutinable antibodies to the disease al- 

ity to the disease in guinea pigs was not attain- 

ed. Partially purified preparations of lipopolysaccharides 
from both P, tularensis and S. marcescens caused inhibition of 
succinoxidase activity in both guinea pig and pig heart prep- 
arations, When the lipopolysaccharides were purified, all 
inhibitory activity was lost. The lipopolysaccharide from P, 
tularensis retained its antigenic properties and the lipopoly- 
Saccharide from S, marcescens was toxic. The supernates from 
the lipopolysac e preparations contained the inhibitor. 
The inhibitory material is non-protein, dialyzable, and non- 
toxic. While significant inhibition of succinoxidase activity 
is readily demonstrated, no inhibition of succinic dehydrogen- 
ase or cytochrome oxidase could be shown. Cytochrome c re- 
duction was only partially inhibited. It is suggested that a 
site in the electron transport chain between succinic dehydro- 
genase and cytochrome c is affected by the inhibitor. 








Biochemistry 


ROLE OF LIPOIC ACID IN LACTATE FERMENTATION BY 
BUTYRIBACTERIUM RETTGERI. Charles Wittenberger, * 
Enzyme Section, Nat'l. Heart Inst., Bethesda, Md. 

B. rettgeri requires lipoate for growth on lac- 
tate, but not on glucose or pyruvate, and the fer- 
mentation of lactate, but not of pyruvate, is ar- 
senite sensitive (Barker, Fed.Proc. 13:742, 1954). 
We have found that cells preincubated with arsenite 
will, however, decompose lactate if K3Fe (CN)¢ is 
added. This result rules out a lipoate role in . 
lactate transport and, if alternate paths for lac- 
tate can be excluded, any substrate-level role as 
well. Alternate paths for lactate may exist, however 
Extracts from glucose adapted cells ferment pyruvate 
by a lactate dismutation and, although unable to 
ferment lactate, will equilibrate lactate carbons 
with pyruvate. Dried or repeatedly washed lactate 
adapted cells lose the ability to ferment lactate, 
but not pyruvate, and the former activity can be 
restored by adding large amounts of oxidized 
lipoate; the lipoate added is reduced nearly stoi- 
chiometrically with the lactate fermented. A role is 
tentatively proposed for lipoate as a carrier for 
electrons originating in lactate. 








Biochemistry 


ISOLATION AND PROPERTIES OF COUPLED FLAVO-ENZYMES IN MITO- 
CHONDRIAL ELECTRON TRANSPORT. W.R. Frisell, J.R. Cronin*, 
and C.G. Mackenzie, Department of Biochemistry, University 
of Colorado School of Medicine, Denver, Colorado. 

Among the enzymes concerned with oxidative demethylation, 
three have been separated and purified in soluble form follow- 
ing sonic irradiation of liver mitochondria: sarcosine dehy- 
drogenase, dimethylglycine dehydrogenase, and an electron 
transferring flavoprotein (ETF). All of these enzymes are 
completely separable from a terminal electron-transport par- 
ticle which sediments in 3.5 hrs. at 100,000 x g. The dehy~ 
drogenases contain tightly bound flavin whose reduction by 
c!4-substrate can be demonstrated spectrophotometrically and 
fluorometrically with the concomitant production of cl4u,0. 
Added FAD, cytochrome c, or 2,6-dichlorophenol indophenol has 
no effect on the reaction. In the presence of ETF the reduced 
dehydrogenases are rapidly re-oxidized, with either cytochrome 
c or indophenol functioning as terminal acceptors. The activ- 
ity of ETF is stimulated by FAD. The purified ETF can be 
distinguished from cytochrome ¢c reductase and diaphorase. As 
in the case of intact mitochondria, 02 serves as the terminal 
acceptor for the reassembled system: substrate —» dehydrogen- 
ase —> ETF —> electron-transport particle —»0j. These 
results agree with the observed P/0 in the mitochondrial 
dehydrogenation of sarcosine. 
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Biochemistry 
STUDIES OF THE PARTICULATE RESPIRATORY CHAIN SYSTEM. Lucile 
Smith and David C. White.* Department of Biochemistry, 
Dartmouth Medical School, Hanover, N. H. 

Studies with two bacterial systems have given some insight 
into the insoluble multi-enzyme respiratory chain. I. The 
respiration rate of protoplasts of B. subtilis increases as 
the protoplasts swell osmotically until nearly the point of 
rupture. As they break, respiration with substrates is lost 
and the resulting membrane fragments can respire only with 
DPNH. II. Anaerobic minus aerobic difference spectra of 
Hemophilus parainfluenzae show that the c)-type cytochrome 
is not completely reduced with substrates. The cytochrome 
c, which can be reduced only by NapS-0), is released into 
solution when the cells are broken. The cytochrome in solu- 
tion is not reduced by the reductase systems of the respira- 
tory particles, but all of the particle-bound cytochrome can 
be reduced anaerobically with DPNH. The respiratory enzymes 
are attached to the insoluble matrix in such a way that 
stretching the membrane does not inhibit electron transport, 
and the linkages between the dehydrogenases and the electron 
transport chain are most easily ruptured. The pigments are 
arranged in such a way that interaction between all can take 
place when there is a considerable excess of one kind of pig- 
ment. Only particle-bound cytochrome ¢, can interact with 
the other particulate enzymes. 











Biochemietry 


PREPARATION OF CYTOCHROME OXIDASE FROM BEEF HEART MITOCHON- 
DRIA. D. E. Griffiths* and David C. Wharton.* Institute for 
Enzyme Research, University of Wisconsin. 

Cytochrome oxidase has been prepared from beef heart mito- 
chondria by extraction with cholate and further fractionation 
with ammonium sulfate in the presence of deoxycholate. The 
final preparation has a of 6,000 at 38 and contains 8-9 
mmoles cytochrome a/mg. protein and 8.5-10 mmoles copper/mg, 
protein. An increase in activity proportional to the increase 
in cytochrome a and copper content has been demonstrated. An 
approximate 1:1 relationship between copper and cytochrome a 
exists at all levels of purification. The copper in the ~ 
preparation is reduced by substrates of the oxidase and its 
reoxidation is inhibited by cyanide. The results suggest that 
copper may be involved in the cytochrome oxidase reaction. 
Some of the problems involved in the assay of cytochrome 
oxidase activity, such as the state of dispersion of the 
enzyme and the activation by phospholipids, will be discussed. 


Biochemistry 
A ROLE FOR NON-HEME IRON IN MITOCHONDRIAL ELECTRON TRANSPORT. 
Kenneth A. Doeg*. Institute for Enzyme Research, University 
of Wisconsin. 

Coenzyme Q has been shown to be an obligatory oxidoreduc- 
tion carrier between the flavoprotein and cytochrome cy in 
the succinoxidase system of mitochondria. The quinone does 
not react directly with the flavoprotein, however, since the 
primary dehydrogenase isolated by Singer et al. / J. Biol. 
Chem., 223 (1956) 5997 shows no coenzyme Q reductase activity. 
A more complex form of the succinic dehydrogenase has been 
isolated in our laboratory /Biochem. Biophys. Research Com, 
1 (1959) 3447 which catalyzes the rapid reduction of coenzyme 
Q The following observetions suggest that non-heme iron 
(Fey) is an obligatory electron carrier between succinic 
flavoprotein and coenzyme Q: (1) oxidized F is rapidly 
reduced by succinate and reduced Fe, is vapillty oxidized by 
coenzyme Q; (2) preparations from which Te,, has been removed 
by dialysis against metal chelators lose succinic-CoQ reduc- 
tase activity although succinic-phenazine methosulfate 
reductase activity remains unaffected; (3) 2-thenoyltri- 
fluoroacetone (a lipid soluble chelating agent) at comparable 
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BIOLOGICAL OXIDATIONS 


Biochemistry 


gUDIES ON NON-HEME IRON (NHI) COMPONENTS OF ELECTRON TRANS~ 
wR ENZYMES AND SUBMITOCHONDRIAL FRACTIONS (SF). William Lee% 
wi Helmut Beinert. Enzyme Institute, ‘University of Wisconsin. 
Beinert and Sands (Biochem. Biophys. Res. Communs., il, 
yn (1959), 3, 41, 47 (1960)) showed by EPR that NHI may unde» 
gp oxidation-reduction coupled to that of known catalysts in 
gh materials. Further work on the possible significance and 
specificity of this phenomenon was undertaken. _We can now 
dstinguish 4 different types gf NHI by EPR: Fe2*, at g~6 (I); 
pest, 2 types at g~ (11; Fest at g~2 (III). I is not 
strongly chelated, its signal is abolished by CN™ or dihydroxy- 
ethylglycine. II shows a signal similar to iron-hydroxamate, 
is insensitive to chelators, and is readily reduced by several 
favoproteins. III appears principally in SF on reduction with 
several substrates, most readily with succinate. Other inter- 
ations of substrates, flavoproteins, iron chelates, iron 
ntaining (flavo-) proteins and SF will be discussed. Thus, 
for instance, Massey and Palmer (Biochem. J. 74, 40P (1960)) 
ave separated an iron-protein from highly purified D-amino 
seid oxidase (AAO). This protein (gift of Dr. Massey) shows 
the signal of (II). It is slowly reduced by AAO and alanine, 
rpidly by cytochrome reductase (CR) or diaphorase plus DPNH. 
the iron of CR is also slowly reduced by AAO and alanine. 
(nly CR plus DPNH, however, reduce iron hydroxamate. 
(Supported by grants from the National Institutes of Health. ) 


Biochemistry 


PHOTOPHOS PHORYLATION BY RHODOSPIRILLUM RUBRUM CHROMATOPHORES. 
1. Horio*, M.D. Kamen and S. Taniguchi.* Grad. Dept. of 
Biochem., Brandeis Univ., Waltham, Mass. 

Soluble components, extracted by washing of R. rubrum 
chromatophores and effective in reactivating photophosphory- 
lation in the resulting inactive chromatophore preparations, 
can be separated into two fractions, one of which is heat- 
stable and dialyzable, and the other heat-labile and non- 
dialyzable, The latter contains a DPNH-linked haem protein 
reductase which is a flavo-protein enzyme, as well as cyto- 
chrome c2 and "RHP" haem proteins, The rate of photophos- 
phorylation of chromatophores, inactivated by washing, can 
be greatly increased by addition of the 100-fold purified 
reductase, Further increases are observed after addition of 
either crystalline pure RHP or cytochrome cp. These facts 
provide a basis for discussion of the physiological role of 
these haem proteins as components of the energy-storage 
mchanism in photosynthesis. 








Biochemistry 
THE ROLE OF CYTOCHROME b IN ELECTRON TRANSPORT, Robert Gold- 


berger*, Alison M. Pumphrey* and Archie L. Smiths Institute 
for Enzyme Research, University of Wisconsin. 


Previous studies on the electron transport system have 
failed to elucidate the role of cytochrome b. ‘There has been 
considerable controversy as to whether cytochrome b is or is 
not an essential component of the DPNH and succinic oxidase 
systems. In some types of respiratory enzyme preparations, 
cytochrome b is reduced and reoxidized rapidly, while in 
others it appears to react far too slowly to be an obligatory 
link in the electron transport pathway. ‘Two observations 
Which are relevant to this problem will be presented: (1) 
Preparations were obtained from heart mitochondria, in which 
cytochrome b was not reduced by succinate (or DPN), but in 
Which high succinic oxidase activity could be demonstrated; 
(2) it was possible to show that malate or lactate could 
tapidly reduce cytochrome b in preparations which were devoid 
of detectable DPN. ‘These data suggest that cytochrome b 
might serve as an alternate entry point for electrons from 
malate and lactate (and possibly other substrates), rather 
a an obligatory link in the pathway of DPNH and succinic 

tion. 








Biochemistry 


LIPID COMPOSITION OF HIGHLY PURIFIED ENZYME PREPARATIONS 
DERIVED FROM BEEF HEART MITOCHONDRIA. Sidney Fleischer*, 
Gerald Brierley* and Herman Klouwen*, Institute for Enzyme 
Research, University of Wisconsin. 

If lipid were distributed uniformly throughout the electron 
transfer chain, then the lipid composition of highly purified 
subunits should be identical. The lipid of succinic—> cyto- 
chrome c reductase (R3), DPNH~> cytochrome c reductase (Ryb), 
succinic—» coenzyme Q’ reductase (Fsb) and cytochrome c oxidase 
(c.0.) was analyzed for phosphorus, degree of unsaturation, 
fatty acid ester, plasmalogen and the kinds and amounts of 
phospholipids. The similarities of the respective lipids were 
more striking than the differences. The lipid content of 
total mitochondria and the derived preparations was the same, 
26-29%. Lecithin, phosphatidyl ethanolamine, polyglycero- 
phosphatide and inositol phosphatide account for practically 
all of the phosphatides in these preparations. Some quanti- 
tative differences were found. Fsb has more lecithin and much 
less polyglycerophosphatide than mitochondria; C.0. has appre- 
ciably more polyglycerophosphatide. Since mitochondrial lipid 
can be solubilized [ Fleischer et al., Fed. Proc. 19, 32 
(1959) _7, relocation or selective removal of the lipids during 
preparation might account for these differences. 





Biochemistry 


THE FLAVIN COMPONENT OF DPNH DEHYDROGENASE. F.M. Huennekens, 
S.P. Felton*, N. aji_ Rao*, and Bruce Mackler, Depts. of 
Biochemistry and Pediatrics, Univ. of Wash., Seattle, Wash. 

DPNH dehydrogenase, solubilized by treating beef heart 
DPNH oxidase with acid-ethanol at an elevated temperature, 
contains flavin and iron in the ratio of 1:2 and migrates as 
a single, symmetrical peak upon electrophoresis (B. Mackler, 
Biochim. Biophys. Acta, In press). Following deproteinization 
of the enzyme by heat denaturation or by treatment with per- 
chloric acid, the flavin component Is identified as flavin 
mononucleotide (FMN) by its R¢ values upon paper chromato- 
graphy in different solvent systems, by degradation to ribo- 
flavin upon treatment with a plant phosphatase, and by its 
quantitative activity in the FMN-specific, TPNH=cytochrome c 
apo-reductase system from yeast. Added FAD Is not degraded to 
FMN under conditions of the heat or acid denaturation. The 
intact DPNH oxidase contains both FMN and FAD, while the de- 
rived dehydrogenase contains essentially all of the original 
FMN and no FAD. 


Biochemistry 
The use of quinones as probes of the electron trans- 
port chain. E. Jacobs* and F. L. Crane, Dartmouth 
College, Hanover, N. H. and Purdue University, La- 
fayette, Indiana. 

Comparison of electron transport initiated in rat 
liver mitochondria by quinols,indophenols and qui- 
nonediamines reveals four types of reactions:I.anti- 
mycin sensitive with max. P/O ratio of 2.0, II.anti- 
mycin sensitive with max. P/O of 1.0, III.antimycin 
insensitive with max. P/O of 1.0, IV.antimycin in- 
sensitive with no phosphorylation. Menadione initi- 
ates type I reaction. Benzoquinols substituted with 
electron repelling groups (methyl,methoxyl) initiate 
type II reaction. Indophenols and quinonediamines 
initiate type III reaction. Benzoquinols substituted 
with electron attracting groups (Cl,I,CN) initiate 
type IV. Experiments with intact, water washed, and 
cytochrome c-depleted mitochondria suggest that the 
lipophilic benzo and naphthoquinones react with en- 
dogenous quinones,while hydrophilic indophenols and 
quinonediamines react with endogenous cytochromes. 
Oxidation of tetrachlorobenzoquinone by cytochrome 
oxidase without mediation of cytochrome c implies 
direct interaction with a quinoid element. 


Biochemistry 


A FURTHER STUDY ON THE RECONSTITUTION OF THE SUCCINIC OXIDASE 
SYSTEM. Tsoo E. King (Oregon State College, Corvallis). 
Previously we have reported the reconstitution of the suc- 
cinic oxidase system of horse heart from a soluble succinic 
dehydrogenase and a particulate muscle preparation. The lat- 
ter (referred to as "cytochrome oxidase" particles) contains 
all components, but the dehydrogenase, required to catalyze 
the oxidation of succinate by molecular oxygen. Successful 
reconstitution was also demonstrated in the succinic oxidase 
system from pig and ox sarcosomes. The dehydrogenase prepared 
from any of the three species could be re-incorporated to cy- 
tochrome oxidase particles from the same or other species in 
the formation of an integrated system. In all cases when in 
the pr of cytochrome oxidase particles and lim- 
iting concentrations of the dehydrogenase, the incorporation 
of the dehydrogenase approached quantitative. Evidence from 
different lines will be presented to show that phenazine meth- 
osulfate did not actually estimate the true activity of suc- 
cinic dehydrogenase but only that reconstitution could genu- 
inely measure the quantitative specificity of the enzyme. The 
significance of this fact as well as that of reconstitution of 
@ respiratory chain complex reflects the precise nature of the 
organized system which cannot be extrapolated from artificial 
reactions. (Supported by grants from NSF and USPHS.) 





Biochemistry 
EFFECT OF ELECTRON DONORS, ELECTRON ACCEPTORS, AND UNCOUPLING 
AGENTS ON SWELLING OF ISOLATED LIVER MITOCHONDRIA, F. Edmund 
Hunter, Jr., A. Scott*, E. Smith*, R.C. McKnight*, F. Guerra*, 
J. Fink*, B. Schutz*, and L. Ford*. Dept. of Pharm., Wash. 
Univ. Sch. of Med., St. Louis. 

Anaerobically 1 mM ferricyanide supports substrate induced 
swelling which is Antimycin sensitive. But higher ferricya- 
nide often inhibits swelling even aerobically. Low indophenol 
hastens swelling, high concentrations prevent swelling even 
with electron transfer to indophenol from lower parts of the 
electron transport chain and back to cytochrome oxidase. Thus 
removal of electrons above the cytochrome b or ubiquinone re- 
gion permits swelling. High concentrations of several accep- 
tors appear to tap electrons off below this region and prevent 
swelling. An alternative explanation would be that high con- 
centrations act as uncoupling agents and lower a key interme- 
diate. Unexpectedly p-phenylenediamine (PDA) + ascorbate pro- 
motes swelling. This presumes electrons entering above cyto- 
chrome b. However PDA swelling proves sensitive to Antimycin 
but not Amytal, raising questions as to where the electrons 
enter. Like substrate induced swelling it is blocked by CN, 
Azide, SN 5949, and DNP. Antimycin blocks PDA swelling much 
better than PDA oxidation, a fact consistent with electrons 
feeding to cytochrome c as well as cytochrome b. Electron 
transport or phosphorylation in the cytochrome b region ma 
control mitochondrial swelling. (PHS-NIH Grant #2284 (Cl1)). 








Biochemistry 


CYTOPLASMIC-MITOCHONDRIAL INTERRELATIONSHIPS IN THE OXIDATION 
OF EXTRAMITOCHONDRIAL DPNH IN MUSCLE. Bertram Sacktor and 
Arthur R. Dick.* U.S. Army Chem R&D Labs, Army Chemical 
Ceater, Mi. 

A cytoplasmic-mitochondrial barrier, the inability of 
enzymes in the intact mitochondria to oxidize DPNH outside the 
mitochondria, was demonstrated in teased flight muscle prepar- 
ations. The different pathways for the oxidation of extra- 
mitochondrial DPNH include: (1) a direct mitochondrial oxida- 
tion; (2) oxidation by the cytoplasmic lactic dehydrogenase 
leading to accumulation of lactate; (3) oxidation of DPNH and 
reduction of dihydroxyacetone phosphete by the cytoplasmic a- 
glycerophosphate dehydrogenase coupled to the mitochondrial 
oxidation of a-glycerophosphate; (4) oxidation of DPNH and 
reduction of oxaloacetate by the cytoplasmic malic dehydro- 
genase coupled to the mitochondrial oxidation of malate. The 
contribution of each of these routes of hydrogen transport was 
determined. The a-glycerophosphete cycle provides the major 
vehicle for passing hydrogen of extramitochondrial DPNH 
through the cytoplasmic-mitochondrial barrier. 
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Biochemistry 


ELECTRON TRANSPORT STUDIES IN THE CHEMOAUTOTROPH FERROBACILLUS 
FERROOXIDANS. Barbara A. Blaylock® and Alvin Nason. McCollum 
a nstitute, The Johns Hopkins Univ., re, Maryland, 
Addition of dithionite to cells of F. ferrooxidans gave 
spectra of reduced cytochromes of the a, b, c types. The 
c component in cells and cell-free sonicates was reduced by 
added Fe**, while both the b and c cytochromes were reduced 
in the sonicate by dithionite. Centrifugation of the sonicate 
at 1,000 x g yielded a supernatant solution containing 80 
per cent or more of the original DPNH~ and TPNH-cytochrome ¢ 
reductase activities; the particulate fraction possessed the 
cytochrome c oxidase activity. The 15-fold purified DPNH- 
cytochrome ¢ reductase has a pH optimum at 8.6 and ius for 
DPNH, TPNH and mammalian cytochrome c of 10-4, 1079, and 
7 x 10-5, respectively. Neither Fe** nor succinate substi- 
tuted for DPNH. The enzyme is inhibited 50 per cent by o- 
phenanthroline at 10-3 M but is unaffected by cyanide, azide, 
dipyridyl, 8-hydroxyquinoline and antimycin A. Cut* and Co*+ 
are inhibitory. Although no flavin requirement for the DPNHe 
cytochrome c reductase was demonstrated, the 0 per cent loss 
in activity of the TPNH system following dialysis against 
cyanide was restored by preincubation of the enzyme with FAD 
or FMN. The differential stability of the two reductase 
activities further indicates that they are separate systems, 


Biochemistry 


IN VIVO LABELING OF MITOCHONDRIAL PYRIDINE NUCLEOTIDES IN 
RAT LIVER BY NICOTINIC-7-C!4 actD. J, L, PURVIS*, DEPT, OF 
BIOCHEMISTRY, BRANDEIS UNIVERSITY, WALTHAM, MASSACHUSETTS. 


Previously, Langan et al, (J. Biol. Chem, 234, 2161, 1959) 
have shown that large doses (500 mg/kg) of nicotinamide-cl4 
were incorporated in vivo into pyridine nucleotides of mouse 
liver with concomitant synthesis of DPN. Injecting tracer 
doses (5 mg/kg) of nicotinic-7-cl4 acid, it has been found 
that rat liver mitochondria incorporated cl4 into di and 
triphosphopyridine nucleotides in the absence of net 
synthesis, After extraction of the pyridine nucleotides 
(Purvis, Biochim, Biophys. Acta 38, 435, 1960), the reduced 
nucleotides were converted to their oxidized form by glutamic 
dehydrogenase. Separation of the oxidized pyridine nucleo- 
tides on Dowex-1 formate revealed four major radioactive peaks, 
From two of these peaks, pure DPN and TPN were isolated by 
paper chromatography, Time studies showed that DPN+DPNH 
became labeled at 3 times the rate of TPN+TPNH. The maximum 
specific activities of DPN and TPN of 510,000 and 420,000 
cpm/umole respectively accurately reflect the total DPN to 
the total TPN ratio determined analytically. The possible 
nature of the other radioactive components is discussed, 


Biochemistry 


ISOLATION AND CHARACTERIZATION OF THE DPNH [‘EHYDROGENASE OF 
THE RESPIRATORY CHAIN. S$. Minakami* 
Edsel B. Ford Inst., Henry Ford Hosp., Detroit, Mich. 

The respiratory chain-linked DPNH dehydrogenase of heart 
mitochondria has been solubilized in good yield apparently 
free from other DPNH oxidizing flavoproteins by the treatment 
of particulate "closed" DPNH oxidase preparations (in which 
DPNH oxidation is completely amytal- and antimycin-sensitive) 
with phospholipase A. Activity was followed by the initial 
rate of ferricyanide reduction (Vay) at pH 724, 30° (Minakami 
et ales Biochem. Biophys. Res. Comm. 3» 423 (1960). The en- 
zyme has been purified from soluble extracts by (NH4)2S04 and 
protamine fractionation and ultracentrifugation. The dehydro 
genase is a flavoproteins the turnover of DPNH per mole of 
flavin is estimated to be at least 1.96 x 105 in the standard 
assay; from preliminary data the molecular weight is of the 
order of 4 to 5 x 105 and the Soo, at a protein concentration 
of 19.5 mg./ml., 12.6 S. The purified enzyme is amber-brown 
with a pronounced absorption peak at 410 mz (pH 7.15), in the 
oxidized form. This peak (apparently not a Soret band) is di- 
minished and displaced to longer wave lengths as the pH is in 
creased. DPNH and dithionite cause rapid bleaching both in 
the 410 and the flavin region, resulting in difference spectra 
atypical of simple flavoproteins but reminiscent of other iron 
flavoproteins. 
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vemistry Biochemistry 
SACTLLUS §NZYMATIC AND CHEMICAL PROPERTIES OF THE DPNH DEHYDROGENASE 
Collum § (f THE RESPIRATORY CHAIN OF HEART. Thomas P. Singer, R. L. 


ryland, finglex*, Edsel Bs Ford Inst., Henry Ford 
ave espe, Detroit, Mich. 

1s The On the basis of its specificity and inhibiter studies the 
d by soluble, purified enzyme (cf. abstract by Minakami and 

luced Ringler) may be readily distinguished from Straub's diaphor- 
onicate ase, DPNH cytochrome reductase, and known diaphorases. It is 
g 80 virtually inactive as a lipoyl dehydrogenase or CoQ) reduc- 
ome ¢ tase and has very little activity toward K, and cyt. ¢. It 
d the catalyzes the DPNH-acetylpyridine DPN transhydrogenation at 
NH- about 1.5% of the rate of the DPNH-ferricyanide reaction. 
for The TPNH-acetylpyridine DPN reaction is almost absent, and 

d the DPNH-2,6-DCPIP reaction is only 3% of the ferricyanide 
sti- rate at Vmaxe The enzyme is insensitive to dicumarol, anti- 
o- nycin A, and amytals the latter fact suggests that amytal 


azide, does not act between DPNH and flavoprotein in the respiratory 
1 Cott chains Purified preparations are very stable sad show rela- 
DPNHe tively low sensitivity to PCMB. At 30°, pli 1.4, the Ky fer 

b loss DPNH is 1 x 1074 M (at infinite ferricyanide concentration). 
t At concentrations over 2 x 1074 M DPNH is a competitive in- 

1 FAD hibitor toward the electron acceptor, as is DPN. TPNH is in- 
) active as a substrate. The entire flavin content is acid 
OMS , liberable. 


mistry Nutrition 
IN TPNH-CYTOCHROME c REDUCTASE IN THE 
OF MOSQUITO. Calvin A. Lang. University of 
S6 Louisville School of Medicine, Louisville, Ky. 


1959) The specific activity of TPNH-cytochrome c reductase 
clé (TeR), unlike DPNH- and succino-cytochrome c reductases, 
is high in growing larvae and drops to half this level in the 





er non-growing adult mosquito, Aedes aegypti ( Exptl. Cell 

nd Research 17:516). Whether this enzymatic activity measured 
by cytochrome reduction is due to TcR per se or to trans- 
hydrogenase + DPNH-reductase was wn. In the 

a present study transhydrogenase could not be demonstrated in 

salle untreated, preincubated, or digitonized mitochondrial or 

a supernatant samples of larvae or adults when assayed with 

peaks, TPNH + DPN or with DPN-analogues. Furthermore, inhi- 

Dy bitors of the transhydrogenase + DPNH-reductase system, 

1 sodium Amytal and Antimycin A, did not affect TcR activity. 


_ Finally, TcR, in contrast to rat liver transhydrogenase, was 
a localized in the soluble and not the mitochondrial fraction. 

; It is concluded that the observed activity is consistent with 
the presence of a TcR system rather than a pathway mediated 
through transhydrogenase. 


034 BIOLOGICAL OXIDATIONS—Flavoproteins 


stry Biochemistry 

p THE BINDING OF FLAVIN AND PYRIDINE NUCLEOTIDES TO APO- MICRO- 
SOMAL CYTOCHROME bs REDUCTASE. Philipp Strittmater. Washing- 
ton Univ. School Gf Med., St. | 7a ne 

’ The nature of the binding of flavin and pyridine nucleotides 
to apo- cytochrome bs reductase has been examined by observing 
the changes in absorption and fluorescence spectra following 

nt nucleotide interactions with the apoprotein and the effects of 

; group specific reagents on these reactions. FAD was removed 

e) quantitatively from cytochrome bs reductase by acid ammonium 

7 sulfate precipitation at 0°. One mole of spo-cytochrome bs 

ami reductase reacts with 1 mole of FAD to yield a preparation 

ai identical with cytochrome bs reductase in spectral and cata- 
lytic properties. The binding of flavins, measured by the 

TO fluorescence quenching of the bound flavin, indicates dissoci- 

ation constants of 107° M for FMN and less than 10°® M for FAD. 
While FAD binding was unaffected by sulfhydryl group reagents, 

~ the inhibition of flavin binding by small quantities of iodine 
and by large excesses of trinitrobenzene sulfonate suggests 

P the involvement of tyrosyl and amino residues in apoprotein- 

he flavin interaction, The binding of 1 mole of DPNH or any one 

Hi of several analogues to 1 mole of aporeductase was measured by 

in- the marked enhancement of the reduced nucleotide fluorescence. 
This binding is inhibited or reversed by p-chloromercuriben- 

ra toate. Competitive inhibition of DPNH binding by adenosinedi- 

on Phosphate ribose suggests that an amino acid residue other 


than a sulfhydryl group is also involved in the DPNH binding. 
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Biochemistry 


MICROSOMAL TPNH-CYTOCHROME C REDUCTASE. 
Charles H. Williams, Jz.” and Henry Kamin. VA Hosp. and Dept. 
of Biochem., Duke Univ. Medical Center, Durham, N. C. 

A TPNH-cytochrome c reductase which represents a major por- 
tion of this activity in liver has been substantially purified 
from hed micr - Micr are treated with lipase 
and the 90,000xG supernatant is fractionated by pH, ammonium 
sulfate, and hydroxylapatite chromatography. Specific acti- 
vity of our best preparation is 20 mol cytochrome c reduced/ 
min/mg protein, where protein is determined by 280/260 ratio. 
The enzyme shows a flavoprotein-type spectrum and 450 m 
absorbtion is almost completely bleached by TPNH. K, for 
TPNH and cytochrome c is 4x10-6 and 5x10-6 M respectively; 
pH optimum is 8.3, Activity is completely inhibited by 
3x1076 M p-hydroxymercuribenzoate, with complete protection 
by -SH compounds and partial protection by TPNH. TPNH is 
specific as reductant; cytochrome c, ferricyanide, dichloro- 
phenolindophenol and neotetrazolium serve as acceptors, Cyto- 
chrome bs has not as yet been tested. Horecker has isolated a 
TPNH-cytochrome c reductase from whole liver acetone powder; 
its subcellular localization is essentially unknown, although 
mitochondrial origin has been suggested. The question of 
identity or relative purity of our microsomal preparation 
with Horecker's whole liver reductase will be discussed, 
(Supported by Grant No. E-1999, USPHS and NC Heart Association) 





035 BIOLOGICAL OXIDATIONS—Hydroxylases 
Biochemistry 


THE METABOLISM OF TRIMETHYLAMINE-N-OXIDE. John Baker” and 
Sterling Chaykin , Department of Biochemistry and Biophysics, 
University of California, Davis, California. 

Trimethylamine-N-oxide owing to its biological ubiquity 
has been thought to play a variety of metabolic roles. Workers 
have suggested that it serves as a source of one carbon units, 
an osmoregulator, an oxidation-reduction couple with trimeth- 
ylamine, or simply be a detoxified form of trimethylamine. 

The biooxidation leading to trimethylamine-N-oxide syn- 
thesis is thought to be analogous to the hydroxylation of a 
large group of metabolic intermediates. Similarly, the 
reaction is catalyzed by microsomes, and requires TPNH and 
molecular oxygen. Optimal conditions of pH, microsome and 
cofactor concentrations have been determined and will be de- 
scribed. Analytical and chromatographic methods have deen 
used to characterize the product. Supporting evidence for the 
physiological nature of this reaction is provided oy in vivo 
experiments. +*C-trimethylamine hydrochloride injected intra- 
peritoneally into the rat largely appears in the urine as 
14¢-trimethylamine-N-oxide. Fractionation of the microsomes 
to yield a soluble system capable of catalyzing this oxidation 
is being attempted and will ve reported upon. (Supported by 
U.S.P.H.S. Grant A-3464) 


Biochemistry 


PURIFICATION AND MECHANISM OF MAMMALIAN TYROSINASE. Seymour H. 
Pomerantz.* Depts. of Medicine (Dermatology) and sane 
Western Reserve University, Cleveland, Ohio. 

Tyrosinase from hamster melanoma has been purified 9-10 fold 
in a yield of 40-50% from the crude homogenate. An acetone 
powder of the homogenate was extracted with 0.02M Nay P, on 
phate buffer pH 7. followed by(NH),) 7°0u fractionatient 3 = 
65%) « All active fractions calaieed tyrosine and L-DOPA(3,)- 
dihydroxphenylalanine) to melanin. Assays were usually con- 
ducted by following oxvgen uptake with 1 mg. of DOPA and -5 
units of enzyme in a 3. ml. volume. One unit of enzyme causes 
the uptake of lpl. of 0, per minute. All fractions were 2-3 
times more active on DOPA than on tyrosine (Brown and Ward, 

J Biol. Chem., 233, 77(1958)). The apparent K,, for DOPA was 

x * The custo induction period (Lerner et al., J. 
Biol «chem. ,178 ,185 (199) )oceurred with tyrosine(5.52 pmole), 
and upon purification of the enzyme this induction period was 
lengthened from 105 min. to 262 min. The lag period was 
shortened to 10-15 min. in all cases by the addition of 0.26 
pmole of DOPA to the tyrosine. The lag period was shortened 
dramatically by increasing the ratio of enzyme to tyrosine:0.9 
units/pmole,16) min.;3.8,6lmin.;7.5,l41 min.3;26.2,15 min. 
Ascorbic acid also shortened the lag period significantly, 
These results point to the possibility of a cofactor require- 
ment for tyrosine hydroxylation. 
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036 BIOLOGICAL OXIDATIONS—Oxidases; Oxygenases 
Physiology 


OXIDASE ACTIVITY IN CEREBELLAR CORTEX OF MICE DEMONSTRATED BY 
NADI REACTION. Z. Menschik and J.A. D'Elia. Dept. of Anatomy, 
School of Medicine, rgetown versity, Washington, D.C. 

In 20 normal young adult mice of ICR albino Swiss strain, 
the central nervous system was examined for oxidase activity 
by the "old" Nadi reaction, using p-phenylenediamine hydro- 
chloride, and by the "new" Nadi reaction, using l,-amino-N,N- 
dimethylnaphthylamine (ADN). The presence of the pigment of 
indophenol blue or of indophenol purple, depending on the 
method, was observed regularly in the cerebellar cortex but 
occasionally only and inconstantly in few other locations of 
the central nervous system in mice, In the cerebellum, the 
cells of molecular layer demonstrated the presence of the 
pigment in the nuclei and in the parts of cytoplasm directly 
adjacent to the nuclear membrane. Diffuse precipitation was 
found throughout the molecular layer between the cells. The 
cells of Purkinje,in general,did not take the pigment. Diffuse 
delicate precipitation was encountered in the granular layer. 
The exact location of the oxidase was inhibited to some extent 
by the diffusion of the pigment due to its solubility in brain 
lipids, The results, however, strongly indicate that the 
cerebellar cortex seems to show a peculiar metabolic activity 
differing from other parts of the central nervous system,as far 
as the demonstration of oxidase is concerned, (Supported by 
grant B 1120 from U.S, Public Health Service). 


Biochemistry 


THE CHROMATOGRAPHY OF MUSHROOM PHENOLASES. Jack L. Smith* 
and R. C. Kruegert Dept. of Biological Chemistry, Univ. 
of Cincinnati College of Medicine, Cincinnati, Ohio 

Salt extracts of the common mushroom have been chromato- 
graphed on hydroxylapatite and DEAE cellulose by gradient 
elution. In general recoveries were 70 to 100% Four main 
types of phenolases have beenisolated. The first, a new 
type of enzyme, did not oxidize phenol or catechol to any 
significant degree because the reaction products apparently 
were inhibitory. However, cresol and homocatechol were 
oxidized by this enzyme. The other fractions isolated had 
catecholase/cresolase activity ratios of the order of 5, 17 
and 125. The first of these, a so-called high cresolase 
enzyme, has been rechromatographed on DEAE cellulose to 
yield three fractions one of which had a catecholase/ 
cresolase ratio of 2, Reaction inactivation which is a 
usual characteristic of tyrosinase preparations has not 
been observed with this enzyme. The results of repeated 
chromatography of the high cresolase and high catecholase 
preparations will be presented. The specific activity, 
copper content and reaction inactivation characteristics of 
the several enzymes will be summarized. (Supported in part 
by a grant from the National Science Foundation.) 


Biochemistry 


Enzymatic Lactonization of Terpenoids, H.E. Conrad} E.J.Corey% 
1I.C. Gunsalus, and Rudolph Hartmann* Departments of Chemistry 
University of Illinois and Harvard, Urbana and Cambridge 








In @ previous report (Bradshaw, Conrad, Corey, Gunsalus, and 
Lednicer, J.A.C.S. 81:5507, 1959) a series of intermediates 
formed during the oxidation of camphor by a pseudomoned were 
identified, and a pathway suggested for the cleavage of both 
carbocyclic rings. The ring cleavages are now shown to occur 
with cell-free extracts which catalyze the conversion of (11 
(+ )-camphor to the corresponding 1,2-camphyllide, and [2] 25- 
diketocamphane to 2,3,3-trimethyl-4-carboxymethyl- 4?-cyclo- 
pentenone. The latter reaction, [2], appears also to proceed 
via the corresponding 1,2-lactone followed by hydrolysis and 
dehydration to the isolated product. Both ring cleavages re- 
quire added DPNH and utilize one mole of 0, per mole of sub- 
strate converted. Requirement for an additional cofactor has 
been demonstrated by inactivation of cell extracts by dialysis 
or by carbon treatment and reectivation with boiled extract. 
Treatment of the extract with bipyridine followed by dialysis 
at 5 against several changes of buffer also completely re- 
moves the activity, which can be restored by the simultaneous 
addition of boiled extract and Fe’* ---other divalent metals 
are inactive. Cysteine, or to a lesser extent glutathione, 
stimulates activity. 
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037 BIOLOGICAL OXIDATIONS—Oxidative Phosphorylation 


Physiology 

REGULATION OF COENZYME Q LEVELS BY VARIOUS PHYSIOLOGICAL ~~ 
pease Robert E. Beyer, Walter M. Noble* and Thomas JJ) 
Hirschfeld*. “Dept. of Physiology, Tufts University School % 
Medicine, Boston, Mass. 

Although coenzyme Q (Ubiquinone) may be considered as a 
component of the mitochondrial electron transport chain, 
participation in electron transport chain phosphorylation 
processes has not been established. An indirect approach 
this problem may be to determine the alteration of Co Q 
levels in animals under certain treatments thought to r 
late oxidative phosphorylation. We have, therefore, as 
Co Q in liver, heart and skeletal mscle, brain and kidney @| 
rats injected with thyroxine and cortone acetate, fed 2,l- | 
dinitrophenol and thyroid extract, exposed to 0-2°C for ong) 
month, and thyroidectomized and adrenal demedullated. Co 
levels are elevated in all conditions except adrenal dew 
medullation and thyroidectomy. Thyroidectomy results in ~| 
lowered levels of the quinone. Since the treatments which © 
elevate Co Q levels have been implicated in lowered phos- ~ 
phorylative efficiencies and since thyroidectomy results in 
more stable mitochondrial systems, these data would appear 
be consistent with the interpretation that Co Q functions 
as an energy conserver but, to the contrary, as an alternatiy, 
path far electrons, bypassing a site or sites of energy com 
servation. 


Biochemistry 


OBSERVATIONS ON MITOCHONDRIAL OXIDATIVE PHOSPHORYLATION AND 
SWELLING DURING INDUCTION OF AMINONUCLEOSIDE-NEPHROSIS IN THE 
RAT. Paul Bartlett and Heidi Shaefer.* Edsel B. Ford Inst, 
for Med. Research, Henry Ford Hospital, Detroit, Mich. 

Impairment in oxidative phosphorylation associated with 
the metabolism of succinate by kidney mitochondria of rats 
rendered experimentally nephrotic with aminonucleoside, 6- 
dimethylamino-9-( 3' -amino-3' -deoxy-f~D-ribofuranosyl) ~purine, 
has previously been reported (Fed. Proc. 19: 38, 1960). Re= 
sults of recent time-course studies of the impairment clearly 
indicate both oxygen uptake and disappearance of inorganic 
phosphate to be reduced as early as the 6th day of amino- 
nucleoside administration. Developmert of the alterations 
appears to be closely associated with the onset of massive 
proteinuria. Parallel studies of the swelling of such mito- 
chondria have been conducted by following optical densities 
at 520 m of mitochondrial suspensions in 0.25 M sucrose- 
0.02 M Tris buffer at pH 7.4 for a period of 30 minutes at 
30° C. Mitochondria prepared from kidneys of rats sacrificed 
following 2, 4, and 6 days of aminonucleoside administration 
appear to swell at the same rate as mitochondria of normal 
control rat kidneys. Mitochondrial preparations from kidneys 
of rats treated 8 and 10 days with aminonucleoside, however, 
appear to swell more readily. (Supported in part by a grant 
from the Michigan Kidney Disease antes Bord 


Biochemistry 


THE EFFECT OF CARBON DIOXIDE ON OXIDATIVE PHOSPHORYLATION, 
Hans Léw*, Harvey Krueger* and Daniel M. Ziegler, Institute 
for Enzyme Research, University of Wisconsin. 

The efficiency of oxidative phosphorylation of submito- 
chondrial particles is less than that of intact mitochondria 
when assayed under conventional manometric conditions. For 
example, the P/O of a particle (ETPq) / Biochim. Biophys. 
Acta 29, 630 (1958) 7 isolated from beef heart mitochondria — 
has a ratio of approximately one with succinate and two with 
DPNH. However, when small amounts of CO, (3-5%) are added t 
the gas phase the P/O for the oxidation Of succinate and DPM 
approaches two and three respectively. The increase of the 
ratio in the presence of C05 is due primarily to a decrease © 
in the rate of oxidation. The rate of phosphate esterified — 
is only slightly affected by the presence of CO,. The pos- 
sible mechanism of action of C05 and the implication of the 
COp effect in oxidative phosphorylation will be discussed. 
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BIOLOGICAL OXIDATIONS 


Biochemistry 


Boer gg by ee ote gapped OF LIVER HOMO- 
TES = G J De te Graduate 
isauol of Nutrition, cornell University, a, New York. 
fesontially whole homogenates of rat liver incubated with 
guee lose the capacity to convert mevalonic acid (MVA) to non 
sapmifiable material (NSF) and cholesterol. The inability of 
quse-treated homogenates to convert MVA to NSF is associated 
ith the failure to maintain edequate levels of ATP. Studies 
ith the Warburg respirometer show that RNAse-treated homo- 
lose the capacity to convert MVA to NSF (indicating a 
level of ATP) prior to interference with 02 consurption. 
erefore it appears that with RNAse pretreatment phosphory- 


‘Bistion is uncoupled prior to interference with respiration. 


polyanions prevent or reverse the RNAse inhibition. 

s with polyethylene sulfonate with molecular weights 
of 5,700; 12,9003 or 27,600 indicate the effect is dependent 
yon the number of charges since all are equally active on a 
ight basis. Poly-lL-aspartic or poly-L-glutamic acid pre- 

nt the RNAse inhibition while certain neutral poly amino 
gids such as poly-L-proline have no effect. The anionic 
amino acids are not inhibitors of RNAse in the Kunitz 
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‘Busaye A correlation exists between the capacity of control 
ad RNAse~treated homogenates to convert MVA to NSF and the 


_Bopecity to take up certain basic dyes such as toluidine 








tlue-O. (Supported by research grants from N.I.H. and N.S.F.) 





Biochemistry 


REVERSAL OF ELECTRON TRANSPORT AND MITOCHONDRIAL SHRINKAGE 
SMATES. By Lester Packer*. University of Texas Southwestern 
Wedical School, Dallas 35, Texas. 

"Mghtly-coupled" phosphorylating mitochondria manifest 
swelling, induced by electron transport and reversed with ADP. 
The extent of swelling-shrinkage was studied in rat heart and 
liver mitochondria using pyridine nucleotide (PN) substrates, 
mecinate, and ascorbate-tetramethyl phenylenediamine (TMPD), 
vhich have 3, 2, and 1 phosphorylation sites. Swelling, 
judged by time-recordings of 90° scattered-light showed more 
extensive decreases (20-30%) with succinate and ascorbate-TMPD 
than with PN substrates (8-12%). This would not have been 
predicted from the number of phosphorylations. However, the 
findings are consistent with the hypothesis that shrinkage is 
controlled by energy-linked intermediates, if some are formed 
through reversal of electron transport. Two-fold respiratory 
control with ADP during 0, utilization (vibrating electrode 
recordings) from ascorbaté-TMPD shunt show an ADP/O of 0.98. 
Simltaneous reduction of PN (measured by fluorescence record- 
ings, cf. Chance,B., and Hollunger,G., NATURE, 185:166, 1960) 
and swelling accompany activity through the shunt. Swelling 
and PN reduction are reversed by ADP. Antimycin A (1 ng/ml) 
blocks PN reduction and the extent of swelling is much dimin- 
ished. Thus, reversal of pathways of electron transport pro- 
vides a mechanism for regulating mitochondrial shrinkage. 


Biochemistry 


STUDIES ON THE RAPID FORMATION OF P22-COMPOUNDS FROM Pi BY 


MITOCHONDRIA. C.H. Suelter*, M. DeLuca*, J. B. Peter* and 
2. D. Boyer. Physiol. Chem., Univ. of Minn., Minneapolis. 


Over 99% of the P32 extractable from liver mitochondria by 
HC104 or (NH4)2S04 solution following 10-60 second incubation 
with low concentrations of p,32 under conditions favoring 
oxidative phosphorylation can be accounted for as P32 and 
ATP-ADP. A small amount of a labile P32 compound present in 
maximal concentration at 30 seconds (Fed. Proc. 18, 195, 1959) 
has been identified as carbamyl phosphate, and does not appear 
to be involved in oxidative phosphorylation. Another tech- 
nique employing a non-ionic detergent, urea, and ion exchange 
tesin, has shown with liver and heart mitochondria the rapid 
formation of a non-dialyzable P32 fraction apparently bound 
to protein or lipid components. This fraction amounts to 
0.16 + .05% of the total Py32 added, and, at 15°, reaches 
maximum concentration within 10 seconds, whereas the ATP 2 
maximum is observed at 30-60 seconds. Azide and 2,4-DNP de- 
Ctease the formation and promote the disappearance of the 
fraction. Addition of non-radioactive Py and ATP to incuba- 
tion mixtures after 10 seconds reduces the amount of P>* in 
the fraction, demonstrating that there is a dynamic inter- 
change with the Py-ATP. Crude cleavage tests indicate a half- 
life for Py release from the fraction at pH 7 and 77°, of 
about 22 minutes with cleavage more rapid at lower pH. 


ete ha 





A 
Ronald A. Butow* and Walter L. Nelson. 





Biochemisiry 


SITES OF OXIDATIVE-PHOSPHORYLATION BETWEEN CYTOCHROME C AND 
Op IN HEART SARCOSOMES. Jos¢ Ramfrez* and Adela Mijica.* 
Dept. of Biochem., Inst. Nal. de Cardiologta, México, D. F. 
It was suggested [J. Physiol., 147, 14 (1959)] that an 
extra phosphorylation site between cytochrome az and 00 
occurs in cardiac muscle in vivo. To study this problem, 
intact heart sarcosomes were prepared in KCl-Tris mediun. 
Oxidative phosphorylation was determined by measuring oxygen 
consumption with a platinum electrode in a KCl-Tris medium 
containing albumin. The esterified ATP was estimated by 
enzymatic procedures. The electron transport was blocked 
between cytochromes b and c with hydroxyl-heptyl-quinoline- 
N-oxime (HOQNO). Ascorbate was used as a substrate. In the 
presence of albumin no external cytochrome c was necessary 
to obtain respiratory activity. ATP/O and ADP/O ratios of 
0.9 to 1.7 and 1.1 to 2.0, respectively, were obtained. The 
respiratory control was between 2 and 5. Cyanide (10-40 uM) 
increased the ATP/O and ADP/O ratios to 2. Azide decreased 
these ratios. Sarcosomes with cytochrome c extracted in the 
presence of HOQNO and ascorbate have ATP/O ratios of vv 0.5 
but there is no respiratory control. External cytochrome c 
in this preparation increases the oxygen consumption but not 
the ATP/O ratio. These experiments ‘ndicate one phosphoryla- 
tion site between cytochromes c and a, and another between 
cytochrome a and Oo. 


Biochemistry 


STUDIES ON THE ENZYMATIC EXCHANGE OF OXYGEN BETWEEN INORGANIC 
PHOSPHATE AND WATER. Jerald L. Connelly*. Institute for 
Enzyme Research, University of Wisconsin, Madison. 

The participation of the 0*® exchange (P,-H,0) reaction in 
oxidative phosphorylation and the dependence of this reaction 
on the presence of high-energy bonds has been clearly demon- 
strated. Little differentiation has been made between the 
exchange reaction utilizing only endogenous ATP and that uti- 
lizing added ATP. During the investigation of this auestion 
the effect of pH on 0*® exchange by rat liver mitochondria 
was studied for systems with and without added ATP. In the 
presence of added ATP the loss of 0*® from Pi is maximal at 
pH 7.0 and drops to zero at pH 8.9. With no added ATP the 
principal maximum is located at pH 8.0, a minimum at pH 7.2 
and a second maximum below pH 6.5. The curve bears a strik- 
ing resemblance to the pH-ATPase curve of Swanson (BBA 20:85) 
both in maxima and minima location and quantitative rela- 
tionships . The exchange activity is affected by antibiotics 
known to inhibit oxidative phosphorylation and exchange re- 
actions occurring in the presence of added ATP. At pH 8.15 
both oligomycin and aurovertin at a concentration of 1.7y/ 
0.1 m mitochondria (1 ml = 1 gm liver) completely inhibit 
exchange. This activity is also inhibited completely by 
5x10"5M DNP. These facts strengly indicate that this activ- 
ity is involved in oxidative phosphorylation. 





Biochemistry 
NATURAL UNCOUPLING FACTOR OF OXIDATIVE PHOSPHORYLATION. 
Dept. of Biochemistry, 
Cornell University, Ithaca, N.Y. 

Previous work has shown that mitochondria obtained from 
guinea pig mammary glands during preparturient and retrogres- 
sed states are unable to couple phosphorylation to the oxida- 
tion of Kreb's Cycle intermediates (Ciaccio and Nelson, Fed. 
Proc. 17, 201, 1958). During these functional states, an un- 
coupling agent can be obtained from the microsomal fraction of 
guinea pig mammary homogenates, whose uncoupling activity can 
be reversed by the addition of bovine serum albumin. The fac- 
tor was isolated by sonic disintegration of the microsomes fol- 
lowed by centrifugation at 100,000xg, the factor being liber- 
ated into the supernatant fraction (sonicate). The sonicate 
was adjusted to pH 42 and a white precipitate I appeared which 
had 100% of the uncoupling activity of the sonicate. I has 
the characteristics of a lipoprotein, is electrophoretically 
homogeneous and shows no absorption peaks at 260 or 280 mi. 
Isooctane extraction of I releases all of the uncoupling acti- 
vity into the extract II. II was further extracted with pe- 
troleum ether under strong acid and alkaline conditions. All 
of the uncoupliag activity was contained in the acid fraction. 
Gas chromotography of this fraction showed the pr of 
long chain saturated and unsaturated fatty acids. These fatty 
acids combined with a specific protein, appear to regulate 
mammary gland oxidative ATP synthesis. 












Biochemistry 

SINGLE AND MULTISITE INHIBITORS OF ENERGY CONSERVING REACTIONS. 
B.Chance § G.Hollunger# Johnson Foundation,U.of Pa.,Phila.Pa. 

Inhibition of electron transfer by interaction with inter- 
mediates such as X~I(Chance,JBC 234:1563 1959) may explain, at 
least in part,the effects on DPNH oxidation of guanidine (w2mM), 
Amytal(~0.2mM)(Eiler & McEwen,Arch.Biochem.20:163 1949),and for- 
maldehyde(1mM),in tightly coupled mitochondria.These concentra- 
tions cause increased DPN reduction and cytochrome b oxidation, 
suggesting interaction with a site-specific intermediate such 
as XvIqg (Chance,ibid.). Site specificity as indicated by inhib+ 
tion of succinate oxidation varies (guanidine, undectable; Amy- 
tal (1.5mM); formaldehyde (1.3mM)). Thus 2-site effects can be 
demonstrated with the latter 2 agents.Reactivation of DPNH oxi- 
dation by uncouplers also differs (guanidine,nearly complete; 
Amytal,slight; formaldehyde,undetectable). Oligomycin(lardy et 
@1.ABB 78:587 1958)shares some properties with guanidine(Holl- 
unger,Acta Pharmacol.et Toxicol.11,Suppl.1 1955),DPNH being 
rapidly reduced;but cytochromes b and c are not oxidized and 
even ai6. may be reduced (c?.Chappel1 8 Greville,Nature,in press, 
multisite action of oligomycin compared to single site action 
of guanidine is in accord with the former's greater inhibitory 
effect on exchange reactions and ATP-electron transfer (Chance b 
Hollunger,Nature,in press). Possibly more energy conserving 
sites can be inhibited by oligomycin than have yet been iden- 
tified in oxidative phosphorylation. 








Biochemistry 


THE EFFECT OF CYANIDE ON THE OXIDATIC ACTION OF PEROXIDASE. 
Peter Wicholls.* Johnson Foundation, University of Pennsyl- 
vania, Philadelphia, Pa. 

Horse radish peroxidase catalyses the oxidation of dihy- 
droxyfumaric acid (DHF) by molecular oxygen (Swedin & Theorell, 
Nature 145:71 1940). The effect of cyanide on this reaction is 
different from its effect on the peroxidatic reactions. Using 
the decrease in absorption in the ultraviolet to follow the 
oxidation of 100 uM DHF in acetate, pH 4.6, at 20°, it was 
shown that addition of HCN stimulates both the spontaneous and 
the peroxidase-catalysed oxidations. The reaction rate in air 
is given by: v = kj [per] [DHF]+ ko [HCNJi(DHF) + 3 [HCN]ifper} (pHF] 
where kj} = 2 x 104 M-lsec-1, ko = 0.5 Mvisecl, k3 = 2.4 x 107 
nisec-1. It is suggested that the half-order kinetics ob- 
tained with cyanide support the theory of Yamazaki (Proc. 
Internat. Symp. on Enzyme Chemistry, Maruzen Co., Tokyo, 1958, 
p- 22h), that the oxidatic action is due to the production of 
free radicals from redogenic substrates. Under these circum- 
stances, cyanide may promote an oxidatic chain reaction. Only 
et much higher concentrations of DHF, where the reaction be- 
tween peroxidase and peroxide becomes rate limiting, can a 
typical inhibition of the peroxidase by cyanide be observed. 





Biochemistry 

DINITROPHENOL AND ARSENATE STIMULATION OF MITOCHONDRIAL 
OXIDATIONS. Ronald W. Estabrook. Johnson Foundation, Universi- 
ty of Pennsylvania, Philadelphia, Pa. 

The ability of DNP or arsenate to activate the oxidation 
of substrates by "tightly coupled" liver mitochondria has 
been reinvestigated and the following results observed, when 
succinate or B-hydroxybutyrate are employed as substrates 
with suboptimal concentrations of DNP: (1) the increase in 
the rate of oxygen uptake is directly proportional to the con- 
centration of DNP added; (2) this rate, d02/dt/DNP, is mark- 
edly affected by the pH of the reaction medium; (3) the rate 
differs for succinate and pyridine nucleotide-linked sub- 
strates; (4) the rate is independent of the concentration of 
inorganic phosphate present in the reaction medium; (5) the 
Presence of ATP does not alter the rate of oxygen utilization 
at suboptimal concentrations of DNP; and (6) an inverse rela- 
tionship can be demonstrated between the reaction of an inter- 
mediate with low concentrations of DNP and the rate of phos- 
Phorylatinn with ADP. The stimulation of oxygen uptake by 
arsenate is accentuated by pretreatment with ADP. The arsenate 
and DNP stimulation of respiration are additive although the 
locus of interception of the two reagents on the phosphoryla- 
tion sequence occurs at different sites. 
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Biochemistr, 

EFFECT OF UNCOYPLING AGENTS ON MITOCHONDRIAL OXIDATIONS  , 
J.B. Chappell. Johnson Foundation, Univ. of Pennsylvania, 
Philadelphia. k 

Both DNF and DBP (dibromophenol) stimlated the oxidation 
of certain substrates at rates in excess of those produced 
by ADP. This was true only when respiration was not Limite 
by events at the substrate leyel, e.g. the accumulation of 
oxaloacetate. Thus, with 16°" M-DNP, succinate oxidation 
in the presence of amytal or, in the presence of @ trans= 
aminating system, both succinate and malate oxidation, , 
occurred at rates 2-3 times greater than those obtained with 
ADP. When glutamate, isocitrate or a-ketoglutarate served 
as substrates rates obtained with ADP, DBP or DNP were the 
same, but under more alkaline conditions the DNP rate 
exceeded that of ADP. The pH-activity curve of the ADP | 
response of respiration was identical with that of the ATR 
exchange described by Lehninger and his colleagues i 
(Wadkins and Lehninger, J. Biol. Chem., 233:1589, 1958). 
It appears that in general respiration is limited by the 
activity of the enzymes catalyzing the phosphorylation 
reactions. The kinetics of changes in the components of th 
respiratory chain, under these conditions, will be discussej, 









Biochemistry 
ENZYMATIC WPORMATION OF A NAPHTHOTOCOPHEROL-LIKE INTERMEDIATE 
FROM VITAMIN Ky, P.J. Russell* and AF. Srodie. Dept. of fay 
Harvard Medical School, boston, Mass. 

Following the demonstration of a coenzymatic role for 
naphthoquinones in oxidative phosphorylation by extracts of 
Mycobacterium phlei, the reactions of this compound have been 
investigated. When the mixture capable of phosphorylation 
was incubated anaerobically two reduced compounds were formed 
and trapped by acetylation; one was identified as the di- 
acetate of vitamin K, and the other was similar to naphtho- 
tocopherol (NI) monoacetate. Ether extraction of the an- 
aerobic reaction mixture yielded only the NT-like compound, 
The rate of formation of this compound was found to be a 
function of the length of incubation, concentrations of 
vitamin K,, enzyme, and electron donor, and the degree of ate 
aerobiosis. The reaction is specific for naphthoquinones 
which are capable of forming a 3-chroman. Naphthoquinones 
which are structurally unable to form a chroman yield the di 
hydro derivative. The particulate and supernatant bacterial 
fractions are both necessary for maximal formation of the Nt. 
like compound and for oxidative phosphorylation. The enzymat- 
ically formed compound is spontaneously oxidized to vitamin 
with release of inorganic phosphate. The phosphorylation is 
variable and never exceeds the amount of compound formed. 








Biochemistry 


UNCOUPLING AND INHIBITION OF OXIDATIVE PHOSPHORYLATION IN 
HOUSEFLY MITOCHONDRIA. L. F. Remmert, C, R. Heisler* and 
Cc. 7. Gregg”. Dept. of Agricultural Chemistry, Oregon State 
College, Corvallis, Ore. 

Mitochondria can be isolated, from housefly flight muscle, 
which oxidize pyruvate rapidly, with high P:0 ratios, with 
marked dependence on the presence of ADP, and with no require 
ment for serum albumin. The mechanism of oxidative phos- 
phorylation in such particles has been investigated further. 
As in rat heart mitochondria, freshly prepared housefly 
particles exhibited a Mgt+-stimulated ATPase. Dinitrophenol 
(DNP) stimulated an ATPase, inhibited phosphorylation and 
inhibited the ATP-Pi exchange reaction but, anomalously, 
stimulated respiration only in the presence of ATP. At 104 
M the insecticide, 2,2-bis-(p-chlorophenyl)-1,1,1 trichloro- 
ethane (DDT), completely inhibited phosphorylation, the ATP- 
Pi exchange and the DNP-stimulated ATPase; Mg*t+-st imulated 
ATPase was not affected, The data permit a tentative 
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localization of the DDT-sensitive site, The mechanism of 
phosphorylation in these particles appears to resemble that 
proposed for mammalian mitochondria. (Supported by Contract 
No. DA-49-007-MD-426, Office of the Surgeon General, U.S. 
Army and by NIH research grant RG-7355). 
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Biochemistry 


FECT OF GUANIDINE DERIVATIVES ON MITOCHONDRIA. 
perton C. Pressman. VA Hospital and Univ. of Kansas. 

8 » Missouri. ‘ 

Inhibition of the respiration of actively phosphor- 
ylating rat liver mitochondria by high levels of guanidine 
02M) has been reported to have two key characteristics, 
reversibility by DNP and a definite time lag. We have 
qed the oxygen electrode to follow the development of 
inhibition induced by a series of alkyl guanidines, of which 
jexyl guanidine appears the most potent (1/2 max. inhibit- 
io, 0003 M). At higher levels, hexyl guanidine produces 
alnost total inhibition; a maximum of 70-80% is obtained 
with guanidine itself. All derivatives tested showed the 
characteristic time lag (ca. 2 minutes) and at least partial 
reversibility with DNP. Alkyl guanidine inhibitions differ 
from the DNP reversible respiratory inhibition induced by 
the antibiotic oligomycin, At higher oligomycin levels 
inhibition occurs instantaneously. The antibiotic inhibits 
both DNP induced ATP-ase and endogenous ATP-ase; alkyl guani- 
dines at levels inhibitory to respiration do not inhibit 
DWP induced ATP-ase, but do enhance endogenous ATP-ase. 
fese findings suggest that alkyl guanidines inhibit the 
sequence of mitochondrial phosphorylative reactions at a 
locus further removed from ATP than does oligomycin. 
(Supported by NIH Grant C-,715). 


Pharmacology 


VITAMIN K DEFICIENCY AND OXIDATIVE PHOSPHORYLATION, S.S. Par- 
mrt and J. Lowenthal*, Department of Pharmacol. & Therap. 
ihiversity of Manitoba, Faculty of Medicine, Winnipeg, Canada. 
Since the report of Martius and Nitz-Litznow (Biochim. et 
Biophys. Acta. 13:152, 1954) that Vitamin K deficiency in 
chicks results in a reduced efficiency of oxidative phosphor- 
ylation which can be reversed by the addition of Vitamin K), 
there has been continued interest in the role of Vitamin K, as 
a possible co-factor in oxidative phosphorylation. It has 
been shown recently (Experientia 16: 428, 1960) that 2-cbhloro- 
3-phytyl-1:4-naphthoquinone (I) is a competitive, reversible 
mtagonist of the effect of Vitamin K, (2-methy1-3-phytyl-1; 4- 
napthoquinone) on coagulation in intact animals. A dose of I 
was administered to rats sufficient to cause an increase of 
the prothrombin time to over 600 seconds as compared to a nor- 
mal value of 35-38 seconds. Liver mitochondria were isolated 
by centrifugation in 0.25 M sucrose and their P:0 ratios de- 
termined » ‘th B-hydroxybutyric acid, succinic acid and L-glu- 
tamic acid as substrates. Standard procedures for oxidative 
phosphorylation were employed with the hexokinase-glucose sys- 
tem to trap phosphate. There was no significant difference in 
the P:O ratios of mitochondria from the control and experimen- 
tal animals. These findings indicate that Vitamin K either is 
not a Cofactor or its role in oxidative phosphorylation is not 
antagonized by I. 


088 BIOLOGICAL OXIDATIONS—Pyridinoproteins 
Biochemistry 


FLUORESCENCE OF REDUCED PYRIDINE NUCLEOTIDE (PNH) IN RAT LIVER 
MITOCHONDRIA. Yoram Avi-Dor* and John M, Olson.* Grad. Dept. 
of Biochem,, Brandeis University, Waltham, Mass. 

Mitochondrial suspensions diluted in buffered isotonic su- 
crose were examined at 2°C to maintain a low metabolic state, 
Fluorescence was excited by irradiation of thin (2mm) samples 
with the 334 mp Hg line, Emission spectra were obtained from 
a spectrofluorometer for turbid suspensions. Freshly prepared 
mitochondria show maximum fluorescence at ca. 445 mu (Cond.I). 
This fluorescence decreases slowly (2-3%/min) under aerobic 
conditions, Addition of oxaloacetate (OAA) immediately accel- 
erates the rate of decrease to 8-11%/min. Even though OAA is 
added in excess of the mitochondrial PNH, the drop in fluores- 
cence reverts to the original slow rate by the time half the 
fluorescence has disappeared (Cond.II). Eventually the fluor- 
scence at 445 m: reaches a final low level (Cond,III). The 
fluorescence difference spectrum, I minus III, presumably re- 
Presents total mitochondrial PNH. Chemical determination of 
the total PNH content indicates that the fluorescence yield of 
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intramitochondrial PNH is 3.5-4.0 times higher than that of 
free PNH. The difference spectrum, I minus II, which may re- 
Present DPNH oxidized by OAA, has its maximum between 450 and 
455 m. The difference spectrum, II minus III, has its maxi- 
tum at ca. 435 m. This suggests the presence of a more tight- 
ly bound species of PNH not reacting with OAA. 
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Biochemistry 


6-HYDROXYBUTYRIC DEHYDROGENASE OF BEEF HEART MITOCHONDRIA. 
Peter Jurtshuk, Jr.* and Ichiro Sekuzu.* Institute for 
fnzyme Research, University of Wisconsin. 

The B-hydroxybutyric dehydrogenase can be extracted from 
beef heart mitochondria essentially free from cytochrome com- 
ponents. The $-hydroxybutyric-DPN reductase activities of 
such extracts are 5-6 times higher than that of mitochondria. 
In the process of isolation a heat stable, non-dialyzable 
component is lost and full restoration of activity can be 
achieved by the addition of this component to the enzyme 
system. A high degree of sensitivity of B-hydroxybutyric 
dehydrogenase to cadmium ion and arsenite (in the presence 
of BAL) as well as other properties suggest that a dithiol 
grouping is present in the enzyme complex which is essential 
for dehydrogenase activity. The available evidence suggests 
that 6-hydroxybutyric dehydrogenase is not a simple pyridino- 
protein but rather that it approximates in complexity the 
pyruvic or Q-ketoglutaric dehydrogenase complex. 


039 BLOOD 
Physiology 


STIMULATION OF PLATELET PRODUCTION BY SERUM OF BLED RATS. 
T. T. Odell, Jr. and T. P. McDonald*. Biology Division, 
Oak Ridge Natl. Lab., Oak Ridge, Tenn. 

About 40% of the blood volume (calculated as 5% of body 
weight) of donor rats was removed by heart puncture in the 
morning and an additional 25% that afternoon. One-half 
volume of saline was injected intraperitoneally after each 
blood removal. The following morning serum was collected 
and frozen. The serum was injected subcutaneously twice a 
day (morning and afternoon) for 2 days into untreated 
recipient rats in quantities of 1 to 12 ml per injection, 
and peripheral platelet counts were taken at intervals for 
several days. Relatively little change in platelet count 
was seen during the 2 days following the initial injection. 
Thereafter the platelet count rose rapidly to a peak on 
the 5th day of 150 to 160% of the original count, and 
returned to normal levels at about 8 days. Such responses 
were obtained after injection of bled serum in total 
amounts of 12, 24, and 48 ml. No response was observed 
after injection of 4 ml of bled serum nor after as much as 
40 ml of serum from non-bled, untreated donors. The results 
indicate the presence of a thrombopoietic agent in the serum 
of bled rats. 





Physiology 


RECRYSTALLIZATION TEMPERATURES OF SOME COMPONENTS 
OF BLOOD AFTER RAPID FREEZING. B. J. Luyet, P. M. 
Gehenio* and G. Rapatz. American Foundation for 
Biological Research, Madison, Wisconsin. 

It has been shown previously that, whereas blood 
rapidly frozen to very low temperatures and rapidly 
thawed contains close to 90% intact red cells, blood 
rapidly frozen and slowly thawed undergoes complete 
lysis. In a preliminary study of the possibility 
that the injurious action during slow rewarming be 
due to recrystallization of some blood components, 
we determined the temperatures of recrystallization, 
in vitro, of plasma and of the fluid components of 
erythrocytes, in ox blood, after rapid freezing. Re- 
crystallization, as indicated by an “irruptive" on- 
set of opacity upon rewarming, occurred in 10 sec- 
onds or less at -19° and above, in plasma, and at 
-6° and above, during the same time, in the fluid 
components of the erythrocytes. The addition of 
glycerol greatly lowers the recrystallization tem- 
peratures. The time-temperature curves of re- 
crystallization in vitro do not appear to be super- 
imposable on the time-temperature curves of hemoly-~ 
sis after slow rewarming. (Supported by research 
grant A-2303, from the Nat. Inst. of Health.) 














Biochemistry 
Studies on Serum Leucineaminopeptidase Levels and Their Signi- 
ficance. F, J. Behal* and C. B. Kanavage*, Medical College 
of Georgia, Augusta, Georgia. 

This study is part of a program which is directed to- 
ward clarifying the status of leucineaminopeptidase (LAP)lev- 
els in serum as a diagnostic tool. Some investigators have 
maintained that LAP levels are of specific value in diagnosing 
cancer of the pancreas, while others maintain that LAP levels 
are of no such value. In our laboratories, LAP serum assays 
have been performed on several hundred admissions to the teach 
ing hospital. A number of quite high LAP levels were observed 
in some of the patients on the psychiatric ward with no indica 
tions whatsoever of abdominal disorder of any kind. In order 
to explain the unusually high LAP activity in these patients, 
LAP assays were carried out on many different tissues. The 
erythrocyte is relatively rich in LAP activity and in human 
blood the erythrocytes contain at least 3 or 4 times the LAP 
activity in the plasma. Therefore, any condition that would 
give rise to even a small degree of red cell lysis cannot be 
overlooked as a possible mechanism for elevating serum LAP 
levels in certain instances at least. The results from a num- 
ber of animal experiments support this proposal. Supported in 
part by a grant from the Lederle Company. 


Nutrition 

IMPROVED METHOD FOR THE .TERMINAL BLEEDING OF EXPERIMENTAL RATS. 
C. H, Lushbough and Sheldon W. Moline*. American Meat Insti- 
tute Foundation, The versity of Chicago, Chicago, Illinois. 

At the conclusion of a recent series of experiments, it was 
essential to obtain maximum quantities of blood from each 
animal. Attempts were made to employ the tail vein bleeding 
and tail tip amputation techniques described by Porter (The 
U.F.A.W. Handbook on the Case and 


* «» 1957, DP. ; 

of Burhoe (J. Hered., 31: “#5, 1940); and the jugular 
technique of Kassel Levitan (Science, 118: 563, 1953). 
None of these methods provided adequate quantities of blood. 

An improved surgical technique was therefore developed to 
deliver satisfactory amounts of blood from the aorta. It was 
consistently satisfactory when used with animals ranging from 
100 gm. to adult body weight. The amount of uncontaminated 
blood obtained was related to the size of the animal, and 
approximated 3% of body weight. The surgical technique is 
simple, and readily completed within a period of six minutes, 
Following completion, organ and tissue samples may be removed 
from the carcass for subsequent study, This method, which 
will be described in detail, provides maximal quantities of 
uncontaminated blood, when the experimental design permits 
terminal bleeding. 





040 BLOOD—Coagulation 
Physiology 


AN INVITRO TEST Tv MEASURE HEPARIN RESISTANCE IN 
THE BLOOD OF THE ARTERIOSCLEROTIC PATIENT. 

Shirley A. Johnson. Henry Ford Hospital, Detroit, 
Michigan. and Marquette University College of 
Medicine, Milwaukee, Wisconsin. 

Reports are beginning to appear in the literature 
indicating that patients with arteriosclerosis 
neutralize heparin to a greater extent than normal 
individuals, that is the anticoagulant property of 
heparin is less evident in these patients. Crude 
assay procedures have been used in these studies to 
measure the anticoagulant property of heparin. In 
this present study a group of normal individuals 
and patients were inaependently evaluated for 
arteriosclerotic disease and the blood subsequently 
used in the following assay procedure. Defibrinated 
Plasma with platelets, calcium in imidazole buffer 
and heparin varying from 167 to 1.67 units per ml 
were added together in this sequence followed by the 
addition of purified prothrombin. The resulting 
thrombin was measured quantitatively. The activa- 
tion of prothrombin was inhibited much more by 
heparin in the presence of normal plasma than in 
the presence of the patients plasma. (Supported by 
a grant from the Michigan Heart Association. ) 





Physiology 

A Cellular Study of Prothrombin Synthesis Altered by Coumadin and 
Vitamin Ky. Marion |. Barnivart and Gordon F. Anderson*. Dept. of 
Physiology an cology, Wayne State University, Detroit, Mid), 

Information was obtained on biosynthesis of prothrombin and om 
the manner of its modification under coumadin or vitamin Kj treatmeni, 
Fluorescent anti-dog prothrombin was used to mark those liver cells 
containing adequate concentrations of prothrombin. In the normal dog, 
parenchymal cells engage in asynchronous cyclic production of pro= 
thrombin. Following drug administration concurrent studies were made 
on liver biopsies and on circulating coagulation factors. Data from 
prothrombin depleted dogs showed that the mechanism of action of 
coumadin is to block biosynthesis of prothrombin rather than promote 
its storage. With administration of vitamin Ky, prothrombin synthesis 
is resumed. By three hours essentially all parenchymal cells were 
producing prothrombin, However, circulating prothrombin was not ap- 
preciably increased. Finally, a release phase occurred during which 
the cellular fluorescence declined and the circulating prothrombin ap- 
proached normal. Vitamin Kj also synchronized the cyclic production 
of prothrombin in normal dogs, but only small amounts of prothrombin 
were added to the blood. A regulatory mechanism may monitor the 
blood and promote either storage, synthesis or release of prothrombin 


from the liver. (Aided by the Mich. Heart Association and USPHS 
Grant H4712). 


Physiology 
ANTAGONISTIC SFFECTS OF WARFARIN AND VITAMIN K ON FACTOR 
VII SYNTHESIS BY RAT LIVER SLICES. Judith G. Pool, Gerold 
Grodsky* and Uf “ Stanford University School of 
Medicine, Palo Alto, Calif. 

Characterization of the antagonism between coumarin com 
pounds and vitamin K may be begun now that an invitro sys- 
tem is available. The technique and the qualitative inhi- 
bition of Factor VII synthesis in rat liver slices by War 
farin added in vitro have been reported. The present quan- 
titative studies show that the percent inhibition is pro- 
portional to the log of the Warfarin concentration. Vita- 
min Kj emulsion added to the flask produces only slight, 
unpredictable reversal of the Warfarin effect. IV admini- 
stration, however, just before sacrifice of the rat results 
in more synthesis at each Warfarin concentration, as well 
as in tissue incubated without Warfarin. The Warfarin com 
centration producing 50% inhibition in control liver aver- 
aged 1.2 x 1073M; that producing 50% inhibition in liver 
from rats given 5 mg Mephyton IV # hr before sacrifice aver 
aged 1.8 x 1073M. If liver slices are allowed to synthesize 
Factor VII before addition of Warfarin, the added drug does 
not destroy the pre-formed factor, but inhibits further pro 
duction. These in vitro data support the hypothesis that 
the coumarin compounds, via antagonism of vitamin K, affect 
the synthesis, not the degradation, of Factor VII. 


Physiology 


DEVELOPMENT OF AN ANTICOAGULANT FOLLOWING 
INTRAVENOUS THROMBOPLASTIN IN THE DOG. 
Jessica H. Lewis. Univ. of Pittsburgh, Pittsburgh, Pa. 
The slow intravenous infusion of potent dog brain 
extract resulted in extensive coagulation changes usually 
of such severity as to cause incoagulable blood. Early 
changes included profound thrombocytopenia and defective 
prothrombin consumption. As the infusion continued, 
coagulation time lengthened, clot size decreased and often 
no clot at all was observed. Proaccelerin fell markedly and 
prothrombin and proconvertin moderately. AHF, PTC and 
Hageman factor also show moderate, progressive declines, 
The plasma-thrombin clotting time becomes progressively 
longer. This prolongation was due, at least in part, to the 
presence of an inhibitor which was partially purified by 
continuous flow electrophoresis. Clots which formed slowly 
in the presence of this inhibitor were clear gels even at 
pH 8.6, suggesting that fibrinogen polymerization was 
absent. Active fibrinolysin was not present although a fall 
in antifibrinolysin occurred in some dogs. 





bf 


REEQFEE 


gE TESE 


aakege 


i 











"hysiology Physiology Physiology 
din and GURACTERI ZATION OF BLOOD COAGULATION PRODUCT I: D.Zucker- 2-CHLORO-3-PHYTYL~1: 4-NAPHTHOQUINONE, AN ANTIVITAMIN OF VITA- 
ept. of fmmklin*, J.Javid*, and T.H.Spaet, Montefiore Hospital, New MIN K, (2-METHYL-3-PHYTYL-1: 4-NAPHTHOQUINONE), J. Lowenthal* 
rit, Mich, : and J.A, MacFarlane*, Dept. of Pharmacol, & Therap., Univ. of 
n and on Product I of Bergsagel was prepared from either rabbit or Manitoba Fac. of Medicine, Winnipeg, Canada. 
reatmen, grmn blood. Reagents consisted of partially purified AHF Previous work has shown that the size of electronegativity 
r cells from the euglobulin fraction of adsorbed plasma and of the substituent in the 2-position determines vitamin K-like 
| meentrated eluate from BaSQ},- adsorbed serum. A mixture of activity of 1:4-naphthoquinones. By changing either one of 
Mal dog, Hs) amounts of the undiluted reagents and of 0.025 M CaClp these factors, compounds can be obtained which show antivite- 
of pro dotted within 10-12 minutes. With the clot removed, the re- min K-activity. Thus 2-chloro-3-phytyl-1: 4-naphthoquinone, 
ere made Byining clear solution clotted lipid enriched substrate plasma the chloro analogue of vitamin K, (2-methyl-3-phytyl-1; 4- 
\ from ip 6-12 seconds. This substance was subjected to starch block naphthoquinone) inhibits the antidotal activity of vitamin 
in of dectrophoresis utilizing barbital buffer at pH 8.6 for 8 K, in the coumarin-treated animal, The inhibition is propor- 
romote firs. Product I migrated in the region of the a2 globulins tional to the concentrations and is reversed by vitamin K,. 
ynthesis men compared to whole serum. Considerable purification was The degree of inhibition of constant ratios of Vitamin K, and 
were yhieved without any loss of clotting activity. Protein con- the chloro analogue is constant over a wide range. In the nor 
not tant of the combined active fractions was reduced to about one mal animal the chloro analogue produces a clotting defect 
~ wif that of the starting material. Purification rendered which resembles that of a vitamin K deficiency. This effect 
| Which product I activity considerably more stable. Starch gel elec- is reversed by Vitamin K. The bromo analogue (2-bromo-3- 
bin ap- trophoresis utilizing borate buffer at pH 8.2 resolved Product phytyl-1:4-naphthoquinone) shows the same type of activity. 
duction #into four bands, only one of which showed activity. These compounds fulfil the requirements of a true antivitamin 
rombin and act as competitive reversible inhibitors. 
the 
rombin 
PHS 
ysiology Physiology Biochemistry 
STOR  |COPARATIVE STUDY ON THE ANTICOAGULANT ACTION OF CALCIUM ION OPTIMA FOR THROMBIN GENERATION IN FISHES. R.F. 
te AND THE ANTICOAGULANT FRACTION OF INCUBATED Doolittle* and D.M. on, Tenens Meds, Shack. Destene thes. 
col of J spRINOGEN (AFIF). D. C. Triantaphyllopoulos.* —S ae oaibes te Optimum, aseay Proees st nt y 
Department of Physiology and Pharmacology, blood coagulation in the smooth dogfish (Mustelis canis) and 
in com | iniversity of Alberta, Edmonton, Alberta. the tautog (Tautoga onitis), it was discovered that optimal 
2 sys~ The effect of addition of AFIF or TAMe into **7 for various assays were very much higher than physio- 
inhi- | jixtures of fibrinogen and thrombin was studied. ogical. In the case of recalcification of blood and plasma 
: Ware It was found that while TAMe was able to inhibit optimal +47 was 0-70 mM4/L for the dogfish and 20-10 m/L. 
| quan= {coagulation when added prior or shortly after for the tautog. Physiological total plasma [eat*7 were )-5 
me thrombin, it acted as procoagulant when added later. mM/L (sea water=10-11 mM/L). Dogfish one-stage 
Viter | mese procoagulant properties seemed to depend on (homologous tissue extract present) had a lower optimal 7, 
ht, the concentration and the time of addition of TAMe. 20-30 mM/L. The /Ca**7 optima were independent of /Ng** ’ 
mini- {the amount of fibrinogen clotted increased with the area7, and ionic strength. Two-stage thrombin genera _ 
esults J time interval between the addition of thrombin and wha were carcied ook under. coleiun ica. cenesebeekione. oxit~ 
well that of TAMe. AFIF acted exclusively as anticoagu- able for each mimal. At 25°, the dogfish thrombin generation 
n com flant, being effective when added during the first profile for whole blood ( +t =30 ) was almost identical 
veal 2/3 to 5/6 of the expected thrombin time. Whenever with a human control (/Ca*+7=8 mM/L). Tautog responses were 
MMe was added to mixtures of fibrinogen-AFIF- mach greater in magnitude and duration; unlike the dogfish 
shell fein. ats precoawal ans SeeOCs ps sohanes ae and human, anti-thrombin activity was essentially absent. 
dae tae “as er abolished depending on the Under optimal fal conditions, dogfish serum develops power- 
n. When, however, TAMe was added to mixtures ful inhibitory activity concomitant with an intense fibrino- 
ar pro | of fibrinogen-thrombin together with AFIF its lysis. Inhibition occurs at the thrombin-fibrinogen step or 
ped rig Ry sorheingy ofsig tthe Po during subsequent pelyeerisation. The thermolabiie inhibitor 
delay both the beginning and the general course of bo erty bop byrne Sine Rigas neutralised by toluidine 
polymerization. - ee - e 
ology Physiology Biochemistry 
FIBRINIZED SURFACES AND FIBRIN POWDER AS ANTICOAG~- 
G WANTS. A.L.Copley and E.E.Cliffton*. Hemorheology PROTHROMBIN REBOUND - A RESPONSE TO DICOUMAROL. Kent D, 
lab. Dept. Wevstet: & Pharmacol., N.Y.Med.Coll. and Miller and William L. Bayer*. Div. of Labs. & Research, New 
liv. Exp. Surg. & Physiol. Memorial-Sloan Kettering York State Dept. of Health, Albany, and Dept. of Pathology, 
Can er, ent Ee ecornel Uaiya Med . Coll,, New Yorkas, Albany Medical College. 
y f 1938 Proc. “Congr. Euro oR Siuceen 1988, Ska i A striking hyperprothrombinemia following the hypopro- 
er, 1961 }démonstrated ant ico guiant Sction of” fibrin- thrombinemic response of dogs to dicoumarol was indicated 19 
ce 2 Sustaces on pative DhgOG qnd. pi peme, ty qmploy- years ago in the data of McGinty et al. (Science 96: 540, 
es Bat Fa pnt native, blood OF. 1942). The same "rebound" response is now observed in man 
tesulted. L€ appears that the large fibrin surface and horse during studies on the mechanism of dicoumarol 
= povided by Fibrin pargicles noe gg the my action, with the use of, for sensitive quantitation, the 2- 
° stage prothrombin analysis and homogeneous rabbit antibody to 
id iat NIH" seb ouetane tthe epee h(ETe'E te 1. aM 00 prothrombin. Human and horse plasma prothrombin rebounded 20 
es, § grin ing t tg 2 ting paws Yr. 4 m rin pow- to 25 per cent above normal 3 to 4 days after recovery from 
ly A A asp Tact soup 38 oe 586 Sth the initial dicoumarol-induced hypoprothrombinemia. Hemato- 
es fibrin powder pote marke y pro onged and in eae crits were constant. The rebound phase was not reflected by 
tases coagulation did not_occur after 1 day.-5u/0.1 the l-stage prothrombin time. Prothrombin rebound may have 
\) throw fn added to equal unts oF suc lasma clinical impact (Acta Med. Scand. 158, suppl. 330, 1957; 
wly gelation times from 5-3 secs.Plasma exposed to Lancet 2:991, 1960), 
ibrin powder for 3 or more hrs. when transferred to 
plass tubes did not coagulate for 1 day. Investiga- 
1 ons are in be paged to determine what is being ad- 
sorbed onto fibrin surfaces as to inhibit coagula- 
tion. (Aided by NIH grants H-4793 and H-2867-) 
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Biochemistry 


THROMBIN CATALYZED HYDROLYSIS OF NITROPHENYL ESTERS. 
and NeGe Rule”, Dept. Chemistry, 
Northwestern University, Evanston, Il. 
thrombin 


Though is known (Martin et. al., J. Biol. Chem, 
234, 1718, 1959) to be a good catalyst for hydrolysing the 
p-nitrophenyl ester of carbobenzoxy(CBZ)-L-tyrosine (I), it is 
a much poorer enzyme for p-nitrophenylacetate (II). The dif- 
ference might be explained by one or more of the following. 
(I) contains a N, q to the ester, rendering it more suscepti- 
ble to hydrolysis. The carbobensoxy residue, amide, phenyl 
side chain or phenolic OH present in (I), but absent in (II), 
could add to binding with thrombine To discover which of 
these effects was dominant, we synthesized the p-nitrophenyl 
esters of iodoacetate, acetyl- and CBZ-glycine, acetyl-I-leu- 
cine, CBZ-L-phenylalanine, and studied their rates of hydro- 
lysis with and without thrombin. For the enzymatic reactions, 
Michaelis: constants and turnover numbers were calculated. It 
appears that, though all factors mentioned contribute to the 
difference in substrate quality between (I) and (II), the 
phenyl side chain present in phenylalanine 
most important for catalysis by thrombin. 

H-2212 from NIH). 


Pharmacology 


POTENTIATION OF ANTICOAGULANT ACTIVITY OF PHOSPHATIDYLSERINE 
BY TRACE AMOUNTS OF HEPARIN. M.J.Silver*,D.L.Turner*, R. R. 
Hol burn*, |.Rodalewicz*,L.M.Tocantins*, Depts.of Med.and Phar- 
macology and Cardeza Fdn., Jefferson Med.Coll. Phila., Pa. 

The anticoagulant activity of phosphatidylserine (PS) from 
brain may be strongly potentiated by heparin in vitro. in our 
antithromboplastin test (ATT) (Am. J. Physiol.,190,6, 1957) 2.5 
micrograms of heparin (24 sec.clotting time by itself) when 
mixed with 25 micrograms of PS (37 sec.clotting time by itself) 
produced a clotting time greater than 1200 sec. (control clot- 
ting time 15 sec.). While | microgram of heparin added to the 
incubation mixture of the thromboplastin generation test pro- 
duced no anticoagulant effect and 5 micrograms of PS was weak- 
ly inhibitory, the combination blocked thromboplastin forma- 
tion for 14 minutes. Adequate solubilization of PS appears ng- 
cessary to obtain these results. Incubation of plasma at 37 C 
with a mixture of 2.5 micrograms heparin and 5 micrograms of 
PS (34 sec.clotting time in ATT) before brain thromboplastin 
and calcium were added, gradually delayed coagulation of the 
mixture until it became incoagulable after 20 minutes incuba- 
tion. This incubation effect may result from |)slow solubili- 
zation of the PS to produce a more potent antithromboplastin 
or 2) gradual conjugation of PS with a plasma cofactor simi- 
lar to’or identical with heparin cofactor. 








Pharmacology 


EFFECT OF EXPERIMENTAL GRADED HYPOVOLEMIA ON THE COAGULATION 
MECHANISM. A, W. Ulin*, E. Ehrlich* and $, Gollub*. Blood 
Coagulation Laboratory, Department of Surgery, Hahnemann 
Medical College and Hospital, Philadelphia, Pennsylvania. 


The short term effect of acute blood loss on the 
coagulation mechanism was investigated on a series 
of mongrel dogs. Hight, eighteen and thirty-six 
percent of theoretical blood volume was removed 
from three groups of six animals each. Serial sam- 
ples of arterial blood were completely analyzed 
for coagulation factors. s#xtensive control pro- 
cedures were employed. An accentuation of one 
stage prothrombin times were found which were in- 
versely related to the amount of blood loss. An 
increase in fibrinogen values, directly related to 
the degree of hypovolemia, was found. Other coagu- 
lation factors remained stable. Irreversible hypo- 
volemic shock did not occur. Resusitating fluids 
were not employed. The loss of blood in moderate 
amounts appeared to result in compensatory changes 
in coagulation, which however, were delayed for 
several hours and of no immediate benefit to the 
animal. Supported in part bya grant from US Army. 





Patholop, 
THROMBOPLASTINAS# AS AN ANTITHROMBOTIC AGENE® 
Abramo Ottglenghi*, J. Rutman*, S. Gollub*, 


A.W. Ulin*. amuel P. Mandell Laboratory, Albe 


#instein Medical Center, Philadelphia, Penna, 


The bacterial enzyme Thromboplastinase (Otto 
lenghi et al. Fed. Proc. 19:1, March 1960) has> 
been shown to destroy the thromboplastic potency 
of tissue extracts and blood products in vitro, 
experiments were designed to investigate the in 
vivo counterpart of this phenomenon in rabbits s) 
the prevention of the lethal thrombotic effects 
injected thromboplastin. Studies with apparently 
non-toxic adequate crude enzyme doses completely. 
prevented the morbid and lethal effects of a su} 
sequent I.V. injection of thromboplastin. : 

Detectable levels of enzyme persisted two or | 
more davs in the circulation after a single int 
venous injection. Weekly intravenous injection 
enzyme for a period of several months failed in 
our hands to produce anti-enzyme antibodies. Th 
site of action of Thromboplastinase on blood 
coagulation was found to be the thromboplastic 
mechanism. 

Supported in part by a grant from N.I.H. 


Patholog 


ACCELERATION OF THROMBUS FORMATION BY FATTY ACIDS, W 
E, Connor*, C,V, Res, Labs,, Dept, of Int. Med,, State 8 
of Iowa, Iowa City, Iowa, ; 
By the Chandler+ technique "thrombi" can be made from 
in vitro, These thrombi have a platelet-leucocyte head ami 
fibrin tail, They closely resemble thrombi found in humag 
thromboembolic disease, In this study sodium salts of fatty 
acids (pH8) in physiological concentrations were added to i 
man blood and the thrombus formation time determined, : 
teen subjects were tested on 37 different occasions, Venom 
blood was collected without syringes and processed in a com 
pletely siliconized system, NaCl (pH8), the control additia 
produced no shortening of the thrombus formation time (mean# 
8.6 min.), Saturated fatty acids from C6 to C22 caused a 
gradual acceleration of thrombus time as the chain length 
creased; i,e,, C6 (8.4 min,), C8 (7.5'), C10 (7.4'), C12 
(6.9'), C14 (5,2'), C16 (4,.6'), C18 (3.2'), C20 (2.8'), anf 
C22 (2.4'), Unsaturated, long chain fatty acids had no ef 
fects: oleic (8,4 min,), elaidic (8.6'), linoleic (8.5"), 
and linolenic (8,2'), Soybean phosphatide produced no 
eration, Glass particles, bentonite, and kaolin had the 
accelerating effects as did C18, C20, and C22, The mech 
whereby certain fatty acids shorten the thrombus formation 
time may be through activation of the Hageman factor, 
+ Lab, Invest. 7, 110, 1958, 


Patholog 


SPONTANEOUS HEMORRHAGIC DIATHESIS IN INBRED MICE DUE TO 
THROMBIN COMPLEX" DEFICIENCIES. Hans Meier, Warren G. 
and Robert C. Allen*. Roscoe B. Jackson Memorial Laboratory, 
Bar bor, Maine. 3 
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Prompted by the spontaneous occurrence in certain inbred #t 


strains of mice of a hemorrhagic syndrome characterized by © 
hemothorax with or without multiple old and recent bleed 
elsewhere we have investigated the factors involved in the ™ 
clotting of mouse blood. The "sick" mice were found to 
suffer from single or multiple prothrombin-complex defic! 


cies, specifically affecting Stuart-Prower factor (X), PI | 


(IX), SPCA (VII) and prothrombin; Ac-G (V) and Hageman fi 
were normal. Details of component assays and substit i 
analyses (using "test" reagents, normal and factor-defic: 
human plasma and serum, normal mouse plasma and serum and 
"purified" fractions of normal mouse serum obtained by co 
tirmous flow curtain electrophoresis), liver function 

as well as etiology of the hemorrhagic disorder will be p 
sented, (Supported by a grant from the National Institute 
of Health, U.S.P.H.S. C-691.) 
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Nutrition 


gg EFFECTS OF FEEDING A VITAMIN K DEFICIENT RATION TO RATS, 
ts AND DOGS. Elwood F. Reber and Om P. Malhotra.* College 
of Veterinary Medicine, University of ITlinois, Urbana, 


Mlinois. 


A vitamin K deficient ration containing irradiated beef 
(2.79 megarads) was fed to 12 male weanling Sprague-Dawley 
mts. Nine of the rats died due to hemorrhages by the end of 
the 12th week. Five blood samples from this group of rats 

ai prothrombin times longer than 20 seconds. Twelve rats 
were fed a ration containing nonirradiated beef. None of the 
mts in this group died due to hemorrhages and none of the 27 
hood samples analyzed showed prolonged prothrombin times. 

me vitamin K deficient (for rats) ration was fed to 3 male 
cats and 3 male dogs for 40 weeks. The ration containing 
mnirradiated beef was fed to 1 male cat and 2 male dogs for 
thweeks. None of the cats or dogs died, all gained weight 
mi prothrombin times of the blood remained normal throughout 
the study. The data indicate a species difference in the 
susceptibility to vitamin K deficiency as produced by feeding 
gration containing irradiated beef. 








Nutrition 


fi EFFECTS OF METHIONINE ON BLOOD COAGULATION IN RATS FED A 
WUAMIN K DEFICIENT RATION. Om P. Malhotra* and Elwood F. 

Reber. College of Veterinary Medicine, University of Illinois, 
fana, Illinois. 
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Rations containing 35% nonirradiated (BO) or irradiated 
(5.58 megarads) beef were fed to 67 weanling and 25 adult male 
Sprague-Dawley rats. The rations containing irradiated beef 
(86) were supplemented with 0, 0.17, 1 or 2% DL methionine. 
Coprophagy was not prevented. At the end of 8 weeks the 
preentages of the rats in each group that died due to hemor- 
O and 80 (BO), 94 and 100 (B6), 90 ana 80 
(86+0.17%), 31 and 80 (B6+1%) and O and O (B6+2%) for weanling 
mi adult rats, respectively. The incidence of prolonged 
prothrombin times in the groups of rats was similar to the 
incidence of deaths due to hemorrhages. The addition of 2% 

IL methionine depressed the growth of weanling rats. Adult 
tats were more susceptible to the vitamin K deficiency than 
wanling rats. The addition of 2% DL methionine to the 








accel‘ Vitamin K deficient ration completely protected the rats 





aginst prolonged prothrombin time and none died due to 





je Demorrhages. 
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Nutrition 


00D COAGULATION AND PROTHROMBIN TIMES IN CHICKENS. Paul 
inger and Hans Fisher. Rutgers University, New Brunswick, 


In the course of a study of nutritional influences on 
therogenesis in adult chickens, blood coagulation and pro~ 
thrombin times were determined four times at six-month inter- 
ls on several hundred adult chickens. At each sampling 
d whole blood of males clotted faster than that of 
fmales. Little difference, on the other hand, was noted for 
lama prothrombin times. Among the dietary treatments only 
rol supplementation influenced both measurements at all 
ling periods. Since prothrombin and clotting times of 
lations of chickens are asymmetrically distributed, it 
Necessary to transform the data before they could be 
for evaluation and statistical comparison. Reciprocals 
t@ used for the prothrombin time data, whereas the 
™ceiprocals of the square roots were employed for the clotting 
tims. (Supported by the Quartermaster Corps and the N. J. 

rt Association. ) 
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Physiology 


BLOOD CLOTTING CHANGES IN ANTICOAGULANT THERAPY 
S. Gollub*, Wm. Likoff*, Blood Coagulation 

aboratory, Dept. o edicine, Hahnemann Medical 
College and Hospital, Philadelphia, Pennsylvania. 

Coumarin anticoagulants are known to affect at 
least four distinct coagulation factors, and to 
depress the thromboplastic mechanism as well as 
prothrombin conversion. The clinical signifi- 
cance of this complex effect on coagulability was 
examined in normal individuals and hospital 
patients. A variable response of the thrombo- 
plastic mechanism was found. The mode exhibited 
a delayed depression to different levels. In 
some patients wide fluctuations in thromboplastic 
depression occurred during relatively stable pro- 
thrombin levels. Independent assays of factor 7 
and of Stuart factor showed them to be sensitive 
indices of drug effect. Depression of the thrombo- 
plastic mechanism avpears to be an important, 
variable and unassessed factor in hyvocoaculabil- 
ity achieved during clinical anticoagulant 
therapy. 


Supported in part by a grant from U.S. PHS. 


Physiology 


Physical Chemical Properties of Bovine Thrombin. C.R. Harmison*, 
R. H. Landaburu*, and Walter H. Seegers. Dept. of Physiology and 
Pharmacology, Wayne State University, Detroit, Michigan. 

The physical chemical properties of bovine thrombin were deter- 
mined as follows: the sedimentation constant at infinite dilution was 
3.76 S; the diffusion constant was 8.76 x 10-/cm2/sec.; the in- 
trinsic viscosity was 0.0376 ml/g; the partial specific volume was 
0.69 ml/g. From these measurements the mol. wt. was found to be 
33,700. From the amino acid composition (Miller et al, Thromb. 
Diath. haem. 3, 362, 1959) the mol. wt. was found to be 33,980. 
From the relative increase in specific activity when a large portion of 
prothrombin is discarded in the conversion of prothrombin to thrombin 
the mol. wt. was found to be 33,580. The mean of these three val- 
ues is 33,750, and this is suggested as the mol. wt. of bovine 
thrombin. The frictional ratio relative to the equivalent anhydrous 
sphere was 1.16; the viscosity increment was 5.5, and the axial 
ratio for the anhydrous particle was 4.2. If the molecule contains 
25% water of hydration per g of protein the axial ratio is 2.8,wheth- 
er calculated from viscosity studies or from sedimentation and diffu- 
sion studies. As a prolate ellipsoid thrombin is 84A long and 30 A 
in diameter. The value 68,520 is a revised figure for the mol. wt. 
of bovine prothrombin. (Supported by USPHS Grant 3424 NIH). 





Physiology 


THE PROBLEM OF REACTOR AND NON-REACTOR 
RABBITS WITH DICUMAROL by G.J. Millar * and L.B. 
Jaques (Dept. of Physiology & Pharmacology, University 
of Saskatchewan, Saskatoon, Canada. 

700 rabbits were tested with a standard dose of 5 mg. of 
dicumarol per Kg. by determining the prothrombin time on 
days 0,1,3,5 and measuring the area under the curve. On 
the basis of the areas animals were separated into four 
populations (non-reactors, poor reactors, reactors, hyper- 
reactors), each of which gave a frequency distribution that 
was similar to the statistical "normal" curve. The 
frequency distribution for all animals combined was skewed. 
On repeated dosage, animals remained in the population 
characterized on the original test.. Non-reactors could be 
converted to reactor rabbits for a short time by the 
administration of ACTH or STH, but not of any corti- 
costeroids. The prothrombin time of non-reactor rabbits 
after dicumarol was markedly lengthened by heparin. While 
reactor rabbits on dicumarol show decreased levels of pro- 
thrombin and Factors VII and X, non-reactor rabbits show 
a decrease in prothrombin and an increase in X, (Supported 
by USPH Service and N.R.C, of Canada.). 






Physiology 
Increased Factor VII Activity Resulting During Intrinsic 


Coagulation. Charles L. Johnston, Jr. and Peter F. ere 
Physiology Dept., Univ. of North Carolina, pe. 9 Nelo 
and Med. Avd. A., Rikshospitalet, Oslo, Norway. 

The development of increased Factor VII activity was 
studied during the clotting of normal and factor deficient 
blood in the presence and absence of tissue thromboplastin. 

A standard, specific assay utilized Factor VII deficient 
substrate plasma. Results of 5 normals were compared with 

1 Factor V-, 1 Factor VII-, 5 Factor VIII-, 5 Factor Ii-, 

1 PTA-deficient, and 3 thrombocytopenic patients. Studies 
were performed on lyophilized Hageman and Factor X deficient 
sera, since specifically deficient patients were not available 
for study. It was shown that the development of increased 
Factor VII activity was not due to non-specific reactions. 

In the absence of tissue thromboplastin, the developed activ- 
ity was found to depend upon the presence of Hageman, PTA, 
Factors VII, VIII, and IX, and calcium. Platelets, Factor V, 
and Factor X did not appear to be necessary for the reaction. 
Thus factors important in intrinsic coagulation are shown to 
be involved in the development of increased Factor VII 
activity, previously considered to be an "extrinsic" reaction. 
Such may suggest an initial common pathway for intrinsic 

and extrinsic clotting during spontaneous coagulation. 


Physiology 


THE EFFECTS OF EXERCISE ON THE COAGULATION AND FIBRINOLYTIC 
SYSTEMS. Ted P. Bond,* D. R. Celander™ and M. Mason Guest. 
Certer Physiology laboratory and Depsrtment of Biochemistry, 
University of Texas Medical Branch, Galveston, Texas. 

Coagulation and fibrinolytic studies were carried out on 
blood from male subjects, ranging in age from 22 to 78 years, 
before and after exercise. The exercise consisted of walking 
on a treadmill for 15 minutes at 75% of the subject's maximal 
work capacity. Fibrinolytic activity, as measured by the cold 
fibrinolytic test as well as other methods, increased -in all 
subjects during exercise. Urokinase was increased in urine 
semples obtained immediately efter exercise. The partial 
thromboplastin time decreased only slightly after exercise, 
but the Stypven time decreased significantly. Conditioning 
the subjects over a period of 3 to 5 weeks by daily exercise 
of 15 minutes at 75% of maximal capacity did not alter the 
responses mentioned above; no differences were observed in 
either the fibrinolytic potential or coagulation assays when 
either different age groups or the unconditioned and condi- 
tioned subjects were compared. 

Supported in part by USPHS Grant H-3717(C1) and USAF 
contract 41(657)-28. 





Physiology 


COAGULATION ABNORMALITY IN PATIENTS WITH THROMBOSIS. John A. 
Spittel, Jr.,* Chris A. Pascuzzi,* John H. Thompson, Jr.* and 
Charles A. Owen, Jr. Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

Hypercoagulability of blood often has been suspected in 
patients with thrombotic tendencies. We found (Proc. Mayo 
Clin. 35:37, 1960) a significant acceleration in the 
thromboplastin-generation test (IGT) in certain patients, 
particularly those with arteriosclerosis obliterans 
associated with thrombosis. Further study suggests that the 
hypercoagulability resides in a nondialyzable fraction of 
oxalated plasma; it is not adsorbed by barium sulfate, it is 
partially adsorbed or inactivated by aluminum hydroxide, and 
it does not persist in serum left at room temperature for 24 
hours. Electrophoretic analysis of adsorbed plasma indicates 
that the hypercoagulable activity is associated with the beta 
globulins; normal adsorbed plasma shows definite, but less, 
activity. Factors V and VIII, which are also present in 
adsorbed plasma, are distinctly more labile at 56 C. than is 
the hypercoagulability factor. We suggest that this factor is 
present in normal plasma, is in excess in the plasma of 
certain patients with thrombotic tendencies, and is not 
identical with previously defined coagulation factors. We 
propose "Thromboplastin Generation Accelerator" (TGA) to 
designate this new factor. 





Physiology 
PARTIAL PURIFICATION OF VASCULOKINASE 
Marvin Murray* From: Department of Pathology, Medical Scho 
University of Louisville, 
Intr. Malcolm Stanley 


It has been demonstrated that a thrombin-like factor ca, 
be extracted from the walls of human aortas. This factor 
has been demonstrated in the walls of beef aortas. Washed 
and dissected beef aortas are ground in a commercial meat 
grinder and then blended in a Waring blendor in equal 
of pH 4.6 acetate buffer, The mixture is stored for 24 
in the cold, The supernatant is precipated with 30% W/V amu. 
ium sulphate. The precipitate is collected and 
against water. This material is lyophilized. The resultant 
preparation has strong thrombin-like activity when dissolved 
in glycine buffer pH 9. 


The material is heat labile showing partial deterioration 
at 44° C and complete loss of activity at 70°C. Activity is 
lost by storage at temperatures of -30° C, 


Physiology 


"CONTACT" FACTOR, FACTOR IX, AND SERUM THROMBOTIC 
ACCELERATOR (sta} ACTIVITY. Stanley M. Reimer* and Stanford 
Wessler. Beth Israel Hosp,, and Harvard Med. School, Boston, 
Mass. 

Human STA activity arises early in coagulation, and, as 
reported previously, is distinct from Hageman Factor, plasma 
thromboplastin antecedent, Factor X, and thrombin, Using a 
quantitative rabbit assay as a measure of STA activity (J, 
Appl. Physiol. 1:93, 1959), infusates of serum rendered de- 
void of "contact" factor by exposure to 37° C in silicone for 
4 hours (Waaler, 1959) were found to contain STA activity, 
Serum adsorbed with bentonite or activated alumina, as well 
as serum from dicumarolized patients showed impaired Factor 
IX activity, but retained their thrombus-inducing potential, 
STA is precipitable from serum at pH 5, by neutral salts, ani 
from plasma by cold ethanol. STA is non-dialyzable, cannot 
be assayed after exposure to 56° C for 15 minutes, and has an 
electrophoretic mobility resembling that of gamma globulin, 
These data suggest that the coagulation moiety designated 
STA is not identical with "contact" factor or with Factor I, 
and exhibits properties of a protein. (Supported by a grant 
from the National Institutes of Health.) 


Biochemistry 


LABILE FACTOR (FACTOR V) IN SERUM. Armand J. Quick, Dept. 
of Biochemistry, Marquette University School of Medicine, 
Milwaukee, Wis, 

With the one-stage assay method using stored human plasm 
as the testing medium, the concentration of labile facter is 
found to be 5 to 10 times higher in dog, cow and sheep blood 
than in human, and 50 times greater in rabbit blood. Labile 
factor remaining in the serum when blood of these species is 
clotted at 20°C. is roughly proportional to the initial con- 
centration in the blood. Platelet-poor plasma yields a serum 
richer in labile factor, than does the corresponding whole 
blood. The decrease in labile factor appears to be due partly 
to its consumption during the clotting reaction and partly to 
the destructive action of thrombin. During clotting, an ac- 
celerator, distinct from labile factor but acting synergisti- 
cally with it, is activated. It causes a marked shortening 
of the prothrombin time in the assay procedure; therefore, 
to obtainatrue quantitative value of labile factor in serum, 
the accelerator is removed by adsorption with Ca3(PQ,)2 prior 
to the assay. These findings suggest that labile factor does 
exist in an active state in blood and participates in theclot- 
ting reaction as a reactant. Its apparent accelerating ac- 
tivity in serum as tested by the one-stage assay method is 
due to a separate factor which is activated by thrombin. 
(Supported by a USPH grant H-1612 Clk) 
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Biochemistry 


gi mNZYME INVOLVED IN INSOLUBLE FIBRIN FORMATION. Ariel G. 
.* Haverford College, Haverford, Fennsylvania. 

The calciun-activated factor responsible for the formation 
of insoluble fibrin has been purified 8000 fold with 60% 

lds. This preparation has two components which can be 
qgerved in gel diffusion, immunoelectrophoresis and sedi- 
pntation. They have been identified as the factor (molecular 
wight 300,000) and its three subunits. In plasma the factor 
ig firmly bound to fibrinogen. When fibrinogen which is free 
of factor activity is used the factor can form several 
thousand times its own weight of insoluble fibrin. Three 
foms of fibrin can be distinguished by their solubility 
properties at pH 8.0. (1) "Soluble fibrin", formed in the 
aysence of the factor, is soluble in 1M urea. (2) "Stabil- 
jd fibrin", formed in the presence of the factor and 
10" M cysteine or sulfite, is insoluble in 6 M urea but 
gluble in 5x10~* M sodium dodecyl sulfate (SDS). (3) "Insol- 
ule fibrin", formed spontaneously from "stabilized fibrin" 
or by the action of the factor on "soluble fibrin", is 
insoluble in 8 M urea and 1M SDS even at 45° C. It is 
suggested that the factor causes structural alterations which 
bring about closer association of the fibrin monomers and is 
followed by spontaneous disulfide exchange reactions. 
(Supported by grants from the National Heart Institute and 
the National Science Foundation.) 


Biochemistry 


WNTICEPHALIN ACTIVITY OF NORMAL AND HEMOPHILIC ALPHA LIPOPRO- 
TEIN FRACTIONS, L.A.Kazal,O.P.Miller*,R.T.Carroll*, and a 
Tocantins*,Cardeza Fdn. Jefferson Med.Col!. Phila. Pa. 

Lipoprotein fractions (density:1!.006,1.019,1.063,1.21)were 
prepared by a slight modification of an ultracentrifugal tech- 
nic of Del Gatto et al,Anal.Chem.31,1397(1959). Recentri fuged 
and dialyzed citrated fractions were tested for anticephalin 
activity (L.A.Kazal et al,Fed.proc.19, (1960). Active fractions 
fron normal and hemophilic plasma were obtained at density 
1,006 and 1.21,when incubated with plasma and cephalin suspen- 
sion at 37 C. The 1.21 fraction was also active when incubated 
with cephalin alone. Two distinct,apparently related phenome- 
na,accompanied the reaction of cephalin and the |.21 fraction: 
\)prolongation of the clotting time of normal substrate plas- 
na and 2)solubilization of the suspension(measured as reduc- 
tion in turbidity:0.D.at 500 and 650 mu, Beckman DU).Since Phos 
dhaditylserine (PS)is the principal component of cephalin, the 
anticephalin activity of plasma may be primarily the result of 
the interaction of alpha-! lipoprotein(or an agent in the 1.21 
fraction)and cephalin, leading to partial solubilization of PS, 
telease of its anticoagulant action and prolongation of the 
clotting time. Since similar fractions from a Grade 1V hemo- 
philiac with high anticephalin activity were more potent than 
those from normal plasma,this mechanism may explain the high 
aticephalin activity of hemophilic plasma. 








Biochemistry 


ROTEOLYTIC, THROMBOPLASTIC, AND OTHER INTERACTIONS IN ACTIVA- 
T10N OF FACTORS II (PROTHROMBIN), V, VII, X. Liberto Pechet* 
and Benjamin Alexander, Beth Israel Hosp. and Harv. Univ. 
Factors VII and X can be activated by trypsin, papain, and 
T-Cat+, but not by thrombin. In contrast, Factor V is mr- 
kedly activated by thrombin, only moderately by TPL-Cat+, but 
wt by trypsin. Availability of purified preparations permit- 
tel study of thrombin formation with various combinations. 
Optiml kinetics and thrombin yield occurred in the presence 
TPL (inosithin), Ca++, V, and trypsin-activated (Tr-A) VII 
aaX. No thrombin formed without Cat+. Omission of any of 
the other components retarded kinetics considerably. Substi- 
tution of Tr-A VII and X by their non-activated counterparts 
also retarded kinetics. Preactivation of V with thrombin had 
Winfluence. TPL activated VII, X or V induced early accel- 
fation but not to the same degree as did Tr-A VII and X. 
light or more trypsin U per ml. activate prothrombin directly, 
Without Ca++. Smaller amounts, inert on prothrombin, activ- 
tte VII and X, thus accelerating thrombin formation via the 
TL-Cat++ mechanism. The observations underscore the simi- 
rity between the TPL-Cat+ and proteolytic pathways. They 
tlso indicate the essentiality of several of these components, 
the complexities, and the conditions required, for most rapid 


feabin, formation from its poe. 
by Public Health Service, Grant No. H-656.) 








Pharmacology 


ABSORPTION OF ORAL HEPARIN AND SULFOPOLYGIUCIN. Emanuel 
Windsor* and Georg Cronheim, Riker Laboratories, Inc., 
Northridge, California. 

Absorption of oral or sublingual heparin has been claimed 
by a few, but could not be confirmed by most investigators. 
In the present study in fasted rats and dogs, oral heparin at 
a dose of 100 ng/kg did not produce measurable changes in 
whole-blood clotting time or lipemia-clearing activity. When 
EDTA as an alkali salt was added at 50 mg/kg to the heparin, 
the clotting time was significantly prolonged and clearing 
activity rose to high levels. Similar results were found with 
sulfopolyglucin (SPG), a synthetic sulfated polysaccharide. 
Oral SPG alone was absorbed by dogs to a small extent, in 
contrast with heparin alone. but the addition of EDTA increased 
the absorption several fold. The response was dose-dependent 
and influenced by the amount of Versene. Other sulfated poly- 
saccharides such as amylose sulfate, amylopectin sulfate, and 
dextran sulfate, as well as polyethylene sulfonate, given 
orally with EDTA to dogs or rats, were absorbed to a much 
greater extent than when given alone. The calcium or magnesium 
chelates of EDTA were ineffective as oral atijuvants. Intra- 
venous EDTA as an alkali salt was ineffective in increasing 
absorption of oral SPG. 





Pathology 


PLASMA ANTIHEMOPHILIC FACTOR (AHF) INCREASE AFTER ADRENALINE 
INFUSION IN MAN. G.1.C. Ingram. * Dept. Path., Univ. North 
Carolina, Chapel Hill, N. C, 

Infusion of adrenaline has long been known to hasten the 
clotting of blood. In nine normal males, this was investi- 
gated with 10-min infusions of adrenaline (10-16 pg/min), nor- 
adrenaline (10-20 pg/min) and isoprenaline (2-4 g/min), which 
were followed by mean increases in plasma AHF levels of 176, 
110 and 116% respectively (only the first being significantly 
up), a pattern of responses similar to that of blood lactate. 
The adrenaline finding is comparable with the increased AHF 
reported in hyperglobulinemia and also with resting levels in 
the Australian aboriginal and Bantu races, In further inves- 
tigations, the magnitude of the effect was not correlated with 
the degree of fibrinolytic activity also released by the in- 
fusions; an increase in AHF level followed the infusion of 
adrenaline in mild and moderately affected hemophilics but 
not in severely affected subjects; and plasma from an infused, 
severely affected hemophilic did not increase the apparent 
AHF activity of normal plasma in vitro. It is possible that 
the present results are due to a non-specific augmentation of 
the assay system, but the findings in the hemophilics suggest 
that the effect is related to true AHF. (Author on leave 
from Louis Jenner Laboratory, St. Thomas's Hosp. and Med. Sch., 
London, England, where this work was carried out.) 


Pathology 


MODIFIED ONE-STAGE ANTIHEMOPHILIC FACTOR (AHF) ASSAY AND ITS 
USE IN TESTING HUMAN AHF FRACTIONS. W. W. McLendon*, E. M. 
Barrow*, J. P. Hurt*, F, T. Bryan*, and R. H. Wagner*, Univ. 
of N. C. School of Medicine, Chapel Hill, N. C. 

Small amounts of normal dog plasma added to hemophilic 
human plasma cause a shortening in the partial thromboplastin 
time (PTT). On the other hand, addition of normal human 
plasma to hemophilic dog plasma has little effect on the PTT. 
By increasing the ionic strength of hemophilic dog plasma the 
PTT is further prolonged and the plasma is then sensitive to 
small added quantities of human antihemophilic factor (AHF). 
Using a substrate of hemophilic dog plasma diluted with an 
equal volume of 1.7% sodium chloride solution, the one-stage 
AHF assay of Langdell et al. (J. Lab. Clin. Med. 41:637, 1953) 
was modified so that human AHF could be assayed without using 
human hemophilic blood for the substrate. This method has 
been used to assay fractions of human AHF made by an exten- 
sion of the methods of Wagner et al. (Fed. Proc. 13:445, 1954; 
15:537, 1956). These fractions are fibrinogen poor, have a 
yield of from 20-100% (average 60%) of the original AHF, and 
are purified up to 300 times compared with the starting plasma, 
The in vitro assay of the human AHF fractions has been com- 
pared with the in vivo antihemophilic activity of these frac- 
tions. (Aided in part by Grant H-1648, NIH, USPHS.) 
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Physiology 
STUDIES ON THE PURIFICATION OF STREPTOKINASE. 
John L. Gray*, William F, Blatt* and Howard A. Segal*. 
Biochemistry Division, US Army Medical Research Labora- 
tory, Fort Knox, Ky. 

Previous studies from this laboratory have suggested 
interaction between human plasmin and streptokinase in the 
activation of human and of bovine plasminogen. For the 
analysis of this interaction by physico-chemical techniques, 
it was necessary to purify the components, Crude strepto- 
kinase (Varidase, Lederle Laboratories) was subjected to 
paper curtain electrophoresis followed by chromatographic 
separations on DEAE cellulose, Ultracentrifuge and dif- 
fusion patterns were obtained on the purified product. De- 
terminations of activator potency were made using thrombe- 
lastography with a standard human fibrinogen-plasminogen 
mixture as the substrate, This method demonstrated that 
the overall increase in activity by purification was approxi- 
mately 4-fold. This potency was comparable to that of puri- 
fied streptokinase obtained from Lederle. An apparent 
association occurred between streptokinase and a purified 
plasmin preparation as demonstrated by a proportional 
inhibition of proteolytic activity. 





Physiology 


ABSORPTION, DISTRIBUTION AND EXCRETION OF 
EPSILON AMINOCAPROIC ACID (EACA). G. P. McNicol*, 
A. P. Fletcher,N. Alkjaersig* and S. Sherry. Dept. Med., 
Washington Univ. School of Med., St. Louis, Mo. 

With the demonstration of the effectiveness of EACA in 
the control of disordered fibrinolyti= states, it has become 
important to study its absorption, distribution and excretion. 
Such studies have been hampered by the lack of an adequate 
assay technique for EACA in plasma. A suitable technique 
has been developed using a modified chromatographic method 
with ion exchange resin (Amberlite I-R 120) loaded paper 
developed in acetate buffer; plasma levels of 10°* M (approx- 
imately 1 mg%) can be determined with an error of less than 
25%. EACA is quickly absorbed after oral administration, 
and peak plasma levels are attained in about 2 hours. Plasma 
concentrations (exceeding 10-3 M) adequate to procure sus- 
tained inhibition of plasminogen activation can be maintained 
by intravenous infusion or oral administration. Urinary 
excretion is rapid and the major part (80-90%) of an admin- 
istered dose is recovered unchanged in the urine. No local, 
or systemic toxic effects were apparent after IV infusion 
(40 patients 2-26 gm) or oral treatment (6 patients 10-100gn). 
The almost quantitative urinary recovery suggests that 
EACA does not participate in amino acid metabolism. 





Physiology 


INHIBITION OF FIBRINOLYSIS IN RAT TUMORS BY EPSILON AMINO- 
CAPROIC ACID. William F. Bale, Irving L. Spar, Ruth L. Good- 
land*, and Mary J. Izzo*. Dept. of Radiation Biology, Univ. 
of Rochester School of Medicine & Dentistry, Rochester, N.Y. 
Tracer studies with 1231 fibrinogen have shown that fibrin- 
ogen deposited in some types of tumors as fibrin is in turn 
quite rapidly removed by fibrinolytic mechanisms, Further 
studies indicate that €-aminocaproic acid ( EAC) given orally 
is effective in reducing the rate of lysis of labeled fibrin 
deposited in the transplantable Murphy-Sturm rat lympho- 
sarcoma, In one experiment the biological half-life of 1131 
given intravenously as 1131 fibrinogen to tumor-bearing rats 








was approximately 41 hours in rats receiving 2% EAC ad libitum 


in drinking water or as a 10% solution by stomach tube com- 
pared with 26 hours in untreated control animals. Scanning 
studies showed that tumor localization of 1151 2 and 3 days 
after injection was considerably greater in EAC treated ani- 
mals, and represented a large share of the retained radio- 
activity. In contrast, other experiments showed that in non- 
tumor-bearing rats the half-life of injected 1151 fibrinogen 
was 24 hours and was not influenced by administration of EAC. 
Dr. Ralph W, Helmkamp synthesized the EAC. Work supported by 
the Atomic Energy Commission. 








Physiology 
PROMOTION OF FIBRINOLYTIC ACTIVITY BY SYNTHSTIC COMPOUNDS By 
N.von Kaulla & RL.Smith*, Dept.of Med. University of Colona 
School of Medicine & Belle Bonfils Memorial Blood Bank Denver, 
Various urea and urethan derivatives were observed which enhangs 
the urokinase induced dissolution of standardized preformed x. 
calcified human plasma clots(von Kaulla; Nature 184, 1320, 1959) 
at concentrations between 2=5%. Ethyl urethan (most effective 
derivative found) lowered the threshold for susceptibility ¢/ 
these clots for urokinase activity appr.3 times. Dissolved iq 
human plasma 4% ethyl urethan and certain other derivatives at 
comparable concentrations, will dissolve the preformed human 
standard plasma clot slowly in the absence of activators, 4 
human plasma clot containing 2% ethyl uretian will dissolve in 
appre24 hours. Ethyl urethan is ineffective on standard boving 
fibrin clots or on bovine fibrin plates unless human plasma,but 
not bovine plasma is present. Concentrated human serum 
bulins are activated when incubated for 3 hours with 1-2/ etiy] 
uretaan. In most test arrangements, preincubation enhanced the 
induction of fibrinolytic activity by the derivatives. There are 
structural relationships to the clot dissolving abilities,i.e, 
a C,H.-group in position 1 or S in 2 will increase activity, 
Furthér studies of the structural relationship to lytic activiy 
may lead to the development of synthetic thrombolytic agents, 
(Supported by grants-in-aid of the Am.Heart Ass. and Belle 
Bonfils Mem.Blood Bank, Denver. 





Physiology 
The Effects of Surface on Plasminogen Activation. S. G. 
Iatridis”. Physiology Dept., Univ. of North Carolina, Chapel 
Hill, Ne C. 

To determine whether wettable surfaces have any effect on 
plasminogen activation, a study of normal and Hageman de- 
ficient plasmas, as well as the euglobulin fractions from 
these plasmas, was made. Fibrinolytic activity was based on 
euglobulin lysis time. Plasminogen and antiplasmin activities 
were estimated by a caseinolytic method. Results showed that 
Hageman deficient plasma has a normal amount of plasminogen 
and an abnormally high content of antiplasmin. Conversely we 
found no increase in antiplasmin activity in Hageman deficient 
euglobulin, It also was shown that Hageman deficient euglo- 
bulin reacts somewhat differently from the normal. lysis 
times of both normal and Hageman deficient euglobulins were 
prolonged when tested in siliconized tubes and reduced when 
a wettable surface (glass powder or kaolin) was provided. 
Whereas the lysis time of Hageman deficient euglobulin was 
affected by this contact, it consistently was longer than 
that of normal euglobulin. Thus, it seems possible that 
Hageman factor and wettable surfaces known to have an im- 
portant role in the early phases of blood coagulation 
mechanisms also may have a role in the so-called "spontaneous 
plasminogen activation." (Supported by Visiting Research 
Scientist (NAS) appointment and USPHS Research Grant H2510(C7}) 


Physiology 


THE EFFECTS OF NICOTINE INFUSIONS ON FIBRINOLYTIC 
PARAMETERS IN THE DOG, L.Feinberg*, H.Sandberg*, G, 
Tsitouris*, S,Bellet, and J.Schraeder*, Div. of 
Cardiology, Philadelphia General Hospital, 
Previous reports have shown that nicotinic acid, 
and epinephrine, produce fibrinolytic activity in 
vivo, Since nicotine has sympathomimetic properties 
and is structurally similar te nicotinic acid it 
was decided to investigate this drug for fibrinolytic 
activity. The plasma of 9 dogs receiving chronic in- 
fusions of nicotine were studied for fibrinolytic 
activity before and after the daily infusions as 
follows: 1) The lysis time of a standard fibrin clot 
by undiluted plasma; 2) The lysis time of a stan- 
dard fibrin clot by plasma diluted 1:10 and 1:20 in 
imidazole-saline buffer; 3) The euglobulin lysis 
times; 4) The anti-thrombolytic lysis times against 
serial ditions of streptokinase activated fibrin- 
Olysin; 5) The plasma fibrinogen concentrations, . 
It was found that the lysis times were shorter 
in all instances after the infusion of nicotine, 
The plasma fibrinogen concentrations also decreased. 
It was therefore felt that nicotine infused intra- 
venously into dogs is capable of producing fibrino- 
lytic activity in their plasma, (Supported by NIH-H5279). 
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Physiology 


fig ANTI-FIBRINOLYTIC PROPERTIES OF SEROTONIN. H. 
erg,*G. Tsitouris*, S. Bellet, J. Schraeder*, 
nd L.Feinberg*. Div.of Cardiology, Phila,Gen. Hosp. 

Investigations of the in-vitro effects of serot- 
opin on blood coagulation and fibrinolysis have re- 
gited in contradictory reports, 

We have studied the effects of serotonin on fib- 
pinolysin in the following manner, Solutions of a 
streptokinase activated human fibrinolysin in a PO4- 
gline buffer were incubated with and without solu- 
tions Of serotonin for 30 min, at 37°C, 0,03 cc, 
jrops Of these mixtures were then placed on mposite 
sides Of a fibrin plate, The plates were incubated 
for 18 hours and the areas of the zones of lysis 
gre measured, Similar solutions were also placed 
om heated fibrin plates, The areas of the zones of 
lysis on both types of plates produced by the solu- 
tion containing serotonin were 84% of those produced 
by the control solution, 

Studies in which human plasma was also added to 
the above mixtures gave similar results, It was 
therefore felt that serotonin acted primarily as an 
antiplasmin in-vitro and showed little if any in- 
hibition to the plasminogen activators used in this 
study. (Supported by a grant from NIH - H5279). 


Physiology 


ASIMPLIFIED METHOD FOR THE DETERMINATION OF ANTIPLASMIN AC- 
MVITY IN HUMAN SERUM, Dennis Adamis , Mario Stefanini and 
fio Gagliano" (St, Elizabeth Hosp. and Tufts Univ.School of 
led,, Boston, Mass, ) 

ae CIPLE, Treatment of serum with acetone wider standard 

tions and resuspension of the precipitate remove the 

alpha-l electrophoretic fraction of serum containing mich 
mtiplasmin activity. This reagent may be optimally activa- 
ted with SK-SD, obtaining a reagent suitable for testing of 
mtiplasmin activity of human serum, REAGENTS (a) acetone 


treated serum, Ten volumes of acetone are added to fresh hu- 
tm serum, mixture evaporated and residue resuspended in 1 
wl, veronal buffer, pH 7.8; (b) activated reagent. 200 units 
%-SD in 4 vol, imidazole buffer are added to 1 vol. of re- 
suspended acetone residue and incubated for 1 hr, at 37.C.3 
(c) fibrinogen _solution(bovine, 300 mgs.%); (d) thrombin_ 
solution (bovine, 500 NIH units/ml .saline), TEST In test 
tube at 37 C, are added 0.5 ml, of activated reagent and 

0.1 ml, of serum to be tested for antiplasmin, After 15', 
lal, of fibrinogen and 0.1 ml’, of thrombin solution are 
added. Time of complete lysis of the clot is recorded. Con- 
trol tube contains saline instead of serum tested, Stability, 
reproducibility and results in normals and in patients with 
various disorders will be discussed, 


Physiology 


CHEMICAL DETERMINATION OF EPSILON AMINOCAPROIC ACID, AN INHIB- 
TR OF PLASMINOGEN ACTIVATION. Alan J. Johnson* and Lorant 
fkoza*, NYU-Bellevue Medical Center, New York, N.Y. 

The need for a simple, chemical, spectrophotometric deter- 
slntion of epsilon aminocaproic acid (EACA), In biological 
fluids, has been emphasized by Its unique effectiveness as an 
Inhibitor of pathological fibrinolysis In vivo. The method 
tweloped depends upon the coupling of EACA with the Sanger 
Neagent (Dinitrofluorobenzene) after the removal of alpha 
amino acids by chelation with copper and the removal of other 
reactive amines by lon exchange resins. These procedures ser- 
ved to eliminate nearly all the contaminating, dinitrofluoro- 
benzene-reactive compounds from the trichloracetic acid filt- 
tate of blood plasma. Successful recovery of EACA was per- 
formed In filtrates from blood plasma over a range of 10-100 
ticrograms of material. Chromatography of the coupled com- 
punds, following this procedure, Indicated the presence of a 
single component. After the Injection of EACA in man, the 
blood levels compared favorably as measured both by this 
Wthod and by the fibrinolytic technique. The compound was 





tleared very rapidly from the blood stream following Its In- 

tfvenous Injection In man as previously described by Nilsson, 
id was excreted primarily In the urine. (Supported by grants 
ffm the U.S. Public Health Service, National Heart Institute, 
aoerie Laboratory Division,Amer.Cyanamid Co.,Pear! River, 
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Physiology 


ASSAY OF COMMERCIAL PREPARATIONS OF HUMAN FIBRINOLYSIN FOR 
COMPONENTS OF FIBRINOLYTIC ENZYME SYSTEM. D. R. Celander* 
and M. M. Guest. U. of Texas Medical Branch, Galveston. 
Human fibrinolysin preparations marketed by two manufac- 
turers (A and B) were tested for direct lytic activity against 
a 0.4 mg profibrinolysin-free human fibrin clot, for direct 
activator activity against bovine profibrinolysin, and for 
potential activator activity (proactivator) elicitable by 
added streptokinase. Lysis of a profibrinolysin-free clot 
by 0.1 mg. of Preparation A required over 90 min. (37°C., pH 
7.25), indicating a fibrinolysin content of¢0.25 Guest units 
per mg (J. Clin. Invest., 1954). The preparation contained 
approximately 5 Celander activator units per mg(Arch. Biochem., 
1955); the activator activity of an entire vial being equal 
to that generated under optimal conditions in 0.2 ml pooled, 
human plasma. Proactivator content of an entire vial of 
Preparation A was approximately equal to that of 2 ml of 
pooled human plasma. Lysis of a 0.3 ml human plasma clot by 
0.1 mg of this preparation required 40 hours at 37° C. Thus, 
three units of human plasma would virtually inactivate the 
entire contents of a vial. Preparation from manufacturer B 
was less potent in all respects than that of A. Detailed 
analyses of these and other preparations will be presented. 
(Supported by USPHS Grants A-557(C7) and H-3717(C2). ) 


Physiology 
STUDIES ON THE HETEROGENEITY OF STREPTOKINASE-INDUCED 
PLASMIN. Gabor Markus*end William C. Werkheiser* Ros- 
well Park Memorial Institute and University of Buffalo Med- 
ical and Graduate Schools. 

The time course of development of streptokinase-induced 
activity of human plasminogen against TAMe (p-Toluene 
sulfonyl-L-arginine methyl ester) was investigated. It was 
found that the apparent rate of development of activity de- 
pends on the TAMe concentration used for the assay. Con- 
centrations below 0.03 M indicate “slow-activation" described 
previously (G. Markus and C.M. Ambrus J. Biol. Chem., 
235, 1673, 1960). This activity reaches its maximum in 
5-10 minutes and stays constant during the 30 minute obser- 
vation period. TAMe concentrations in the range of 0.2 M 
demonstrate very fast appearance of high activity. Analysis 
oi the data suggests the presence of more than a single TAMe- 
hydrolytic activity in streptokinase-activated plasminogen. 
Fluctuations in the level of activity tested at high TAMe con- 
centrations during the 30 minute period give the appearance 
of a rapidly changing enzyme population. Efforts to identify 
these forms by physical methods are in progress. This study 
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Physiology 


FIBRINOLYTIC ACTIVITY OF VASCULAR INTIMA. Dale Messer™, D. R. 
Celander*, and M. Mason Guest. U. Texas Med. Br., Galveston. 
The external jugular veins of a dog, from which the adven- 
titia had been removed, were taken out and washed in cold 
saline. The veins were attached to a stainless steel rod, 
everted and then immersed in a buffered bovine fibrinogen 
solution. Thrombin was added and the fibrin formed was wound 
out on the intimal surface of the vein and then incubated in 
phosphate buffer at 37° C. At appropriate intervals, aliquots 
of the incubation medium were removed and analyzed for soluble 
Folin-Ciocalteu reactive substances. The increase of such 
substances with time was taken as a measure of fibrinolytic 
activity and was found to be significantly greater (P<0.001) 
in systems containing vein and fibrinogen as compared to those 
containing vein or fibrinogen alone. This fibrinolytic activ- 
ity was inhibited by epsilon-aminocaproic acid (P <0.001), 
Preliminary experiments indicated that the veins remain viable 
throughout the experiment; addition of oxygen to the medium 
was without effect. (Supported by USPHS Grant H-371.7(C2).) 














Physiology 


EFFECTS OF EPSILON-AMINOCAPROIC ACID ON THE POST-MORTEM 
FLUIDITY OF BLOOD. Richard G. Cooper,* D. R. Celander,* and 
M. Mason Guest. Univ. of Texas Med. Br., Galveston, Texas. 

When previously unstressed dogs are killed by exposure to 
a simulated altitude of 50,000 feet (reached in 2.5 min.), the 
blood in the vascular system does not clot although the 
fibrinogen disappears. The fibrinogen disappearance is 
retarded and massive intravascular coagulation occurs in the 
presence of exogenous intravascular antifibrinolysin (Jess 
McKenzie, Dissertation, University of Texas, 1960). When 
epsilon-amino caproic acid (EACA) (200mg/kg) was substituted 
for antifibrinolysin, massive coagulation was observed in five 
out of six experimental animals. It was not possible, with 
the techniques employed, to differentiate the results obtained 
in EACA-treated animals from those in antifibrinolysin-treated 
animals. The findings are in harmony with the suggestion that 
EACA acts as an inhibitor of fibrinolytic activity. Estimates 
were made of the plasma levels of proactivator, profibrinoly- 
sin, and antifibrinolysin both before and after terminal 
stress. The cold fibrinolytic potential, total prothrombin 
(two-stage technique), clotting time, thromboplastin genera- 
tion, and reactivity to partial thromboplastin of these 
samples were also determined. The relative effects of 
antifibrinolysin and EACA under the conditions described above 
will be compared. (Supported by USPHS H-3717(C1).) 





Biochemistry 


PURIFICATION AND ACTIVATION OF PLASMINOGEN, Karl H. Slotta, 
Donn Keels”, H, Mich]” and B, G. Santos*. Univ. of Miami, 
School of Med., Dept. of Biochenistry, Coral Gables, 
Florida. 

For the purpose of finding the natural activator of plas- 
minogen, Cohn fraction III from human plasma was extracted 
with lysine-contsining saline at pH 9. The proteolytic 
activity of the resulting plasminogen solution was tested 
after addition of streptokimase on TAME, casein, and fibrin 
clot. It was found that not only streptokinase but also 
glutathione and cysteine activate this extract. Plasminogen 
prepared according to Kline (J. B. C. 20k: 949 (1953)) 
could also be activated by glutathione to about 30% of the 
activity obtainable with streptokinase. From the alkaline 
extract of fraction III, salt and lysine were removed on 
a column of crosslinked dextran gel (Sephadex). This pro- 
cedure, removed inhibitory as well as stabilizing proteins 
from the enzyme. The freeze-dried main fraction was about 
10 times more active than the solution prior to chromato- 
graphy. It retained, however, its activity only if parts 
of inactive fractions were added. (Supported by U.S.P. H. 
grant H-l,889). 





Biochemistry 


FURTHER STUDIES ON MOLECULAR CHANGES IN PLASMINOGEN. Ubaldo 
Rifé* and Sidney Shulman. Department of Biophysics, 
University of Buffalo School of Medicine, Buffalo, N. Y. 

Activation of human plasminogen by streptokinase at pH 7.6 
in phosphate buffer involves certain molecular changes. The 
appearance of released acid-soluble material can be followed 
by analysis of the supernatant derived from adjustment of 
the mixture to 1 M in NaCl and 1 N in HCl. Along with the 
gradual development of full caseinolytic activity, there is 
a gradual increase of acid-soluble material, both curves 
reaching a maximum at the same time. If, however, an in- 
cubation is performed under the same conditions except for 
the absence of streptokinase, there will be manifested a 
somewhat similar increasing release. However, this curve is 
always lower than the streptokinase curve. The material 
released in both procedures has been dialyzed free of salt, 
re-concentrated, and further characterized. The patterns 
from optical electrophoresis at pH 2 show three major 
boundaries, but there are several differences in the two 
types of product. Fractionation on columns of cross-linked 
dextran gels has permitted separation of the peptides. 
(Supported in part by a Research Grant H-1792 from the 
National Heart Institute, P.H.S.) 








Biochemistry 


PREPARATION OF HUMAN THROMBIN-E AND EFFECT OF INFUSION Ing puRIF 











DOGS. B. E. Sanders*, M. N, Richard*, E. V. C. Smith*, of Ut 
L. I. Priester*, S. A. Herczeg*, and L. S. Watson*, Merck Bl 
Institute for Therapeutic Research, West Point, Pa. grain 

Preparation of human prothrombin by calcium phosphate ables 
adsorption of Cohn III-2, activation, precipitation and on @ | 
chromatography will be discussed. Elimination of bulk of obtai 


Thrombin-C(lotting) by modification of acetic anydride meth § sd 
of Landaburu and Seegers (Can. J. Biochem. Physiol. 37, 19 § sytin 
(1959), Science 131, 76 (1960)) leaves Thrombin-E(esterage), | cover: 
Results of injection of Thrombin-E derived from 50,000 to norma 
100,000 Thrombin-C units into anesthetized dogs were follow § lose: 
by several fibrinolytic tests, including fibrinogen levels, carbo 
A Thrombin-E preparation was termed active if after injectip, § fer # 
into a dog whole blood clots lysed dramatically, plasma incre 
euglobulin lysis time was shortened and reduction in fibrin. § a - 
gen over control levels. In our hands there was an extremly sodiui 
narrow margin of safety between a dose in which the prepara. 25-10 
tion was active or inactive or on the other hand when death were | 
followed. A comparison between fibrinolysin, Thrombin-C any § wich 
Thrombin-E preparations after infusion“into dogs will be mm, § colum 
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Pathology 

STABILITY OF FIBRINOGEN AND FIBRIN. William S. Medart*, PLAS 
Dept. of Pathology, Washington Univ. Med. School, St. Louls, Mo, § 19 
The possibility that a continuous deposition and lysis of fibrin Soa 
vascularly (Astrup) is important in the development of atherosclerosis P 


has stimulated interest in this laboratory in the stability of fibrinogen 5 
and fibrin towards proteolytic enzymes. Previous studies by the author 
have shown that Cat+ and other divalent cations stabilize fibrinogen prod 
so as to increase its resistance to trypsin and chymotrypsin. It hasnow # iy pi 
been shown that trypsin and chymotrypsin are active toward fibrinogen § sctit 
in urea concentrations as high as 4.5M, The effect of urea is opposite § tise 
to that of Ca++; it increases the susceptibility of fibrinogen to proteee § 7 
lysis. Cat+ and urea are mutually antagonistic; in the absence of Cat tne 
urea begins to increase the susceptibility of fibrinogen to proteolysis at ( 
3.2M, whereas in the presence of 1o-3M, Cat+, urea does not increase wh 
the rate of proteolysis until a concentration of 4.4M urea is attained, § 20M 
The activity of trypsin in the presence of high concentrations of urea aotir 
permits the study of factors affecting the stability of fibrin in a homog- @ Plate 
enous aqueous medium. Bovine fibrin, prepared from purified fibrinogen § 7 *! 
in the absence of Cat+ and fibrin-stabilizing factor and dissolved in tree 
4.5M urea, was found to be susceptible to trypsin. Under these con- slog! 
ditions, 0.05M Ca++ did not appreciably reduce the proteolysis of 
fibrin. (Supported by USPH Grants Nos. CRT-50I7 and H-4089.) 


Pathology 
EFFECTS OF ASPERGILLIN O IN HYMANS . Mustafa Karaca™ x, CHANG: 
Mario Stefanini and Rose Mele’. Saint Elizabeth Hosp. and 30D 
Tufts Univ.School of Med., Boston, Mass. vet) 
Aspergillin 0, a fibrinolytic agent from Aspergillus wi B 


oryzae B-1273(Lancet 2,443,1959) was administered to 18 pa th 
tients of cerebral vascular accidents and terminal carcino- 
ma at a total dose of 25,000 to 60,000 units/kiloweight, 
(Proc.Soc.Exp.Biol. & Med. 102,201,1959), Late fever and 
chills were observed when high doses were used. Effects of 
average doses were: (a) no change in white cell and plate 

















let count; (pb) shortened clotting time of recalcified plas 9 > 
ma without acceleration of the generation of thromboplastin, jj ‘mg 
In most cases, also: (c) decreased plasma activity of pro- daxtr 
thrombin and factor V (20 to 40% of original value) and of t bl 
plasma fibrinogen (25%); (d) decreased yield and speed of tres 
thrombin generation; (e) spontaneous lysis of whole blood utic 





and plasma clot, paralleled by the ability of serum to at- 
tack BBRe and BAMe. Effects seemed due predominantly to 
Aspergillin O in the circulating blood, since levels of 
plasminogen, proactivator and antiplasmin were unchanged. 
There were no demonstrable effects in four patients with 
disseminated carcinoma. ‘The association of a lytic effect 
with delayed thrombin generation in patients receiving As- 
pergillin 0 emphasize its potential therapeutic use. Clin- 
ical results will also be discussed, 
















Nutrition 


PURIFICATION OF HAGEMAN FACTOR. Paul Didisheim.* University 
of Utah College of Medicine, Salt Lake City, Utah. 
Electrophoresis of normal plasma.or serum by the starch 
grain block (Kunkel) or starch gel (Smithies) technique en- 
gles eight- to ten-fold purification of Hageman factor (HF) 
ma protein basis. Eluates from 1 cm. wide gel strips are 
obtained by freezing them at -20° C. for 3 hours, thawing, 
gad expressing their contained fluid through a siliconized 
sytinge - HF is found between y and B globulins. Higher re- 
covery and purification is achievable by chromatography of 
normal BaSO4 adsorbed serum on columns of substituted cellu- 
lose. HF is adsorbed onto either diethylaminoethyl (DEAE) or 
carboxymethyl (CM) cellulose, using .01M sodium phosphate buf- 
fer and pH 7.0. Keeping pH constant and with a gradient of 
increasing ionic strength, HF is eluted from DEAE between .01 
gd .03M sodium phosphate, and from CM between .03 and .10M 
sodium phosphate. Purification of HF from DEAE columns is 
25-100 fold; from CM columns it is 100-400 fold. Such eluates 
yre dialyzed, lyophilized, and electrophoresed on starch gels, 
yaich were then stained with amido black. Eluates from DEAE 
columns stained as B and y globulins; eluates from CM columns 
stained only in the y globulin area. Substrate for assay of 
was the plasma of a previously reported subject with 
fageman trait (Fed. Proc. 18: 1, 1959). 
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Physiology 


PIAZELET VISCOUS METAMCRPHOSIS PRODUCED BY CONNECTIVE 
MSSUE PARTICLES, Zuc! *, 
Sloan-Hettering Institute, New York, N.Y. 

Platelets adhere to cut blood vessels and collagen fibers 
so rapidly (Hugues, Roskam) that thrombin cannot be solely 
msponsible. Twenty-fold diluted saline extracts of ground 
comective tissue such as tendon, fascia or subcutaneous fat 
produce VM in 2 minutes when shaken with citrated or EDTA+ 
i platelet-rich plasma. Skeletal and heart muscle were also 
ative; other tissues were negative. Activity of connective 
tissue extracts was: sedimented at 20,000 g; not destroyed 
ly hyaluronidase, thromboplastinase or proteolytic enzymes 
including collagenase and elastase; not inhibited by DFP or 
¥ destroyed by 50% alcohols; precipitated by acetone or 
(Xt 250,; adsorbed by BaSQ,. Unlike thrombin, extracts did 
wt decrease platelet ATP, Effect was abolished by Hg’’, 
ETA and benadryl. Washed platelets in pH 7.7 buffer were 
wtive, as well as platelets in native platelet-rich plasma. 
Platelets from patients with pseudohemophilia or AHG, PIC 
PTA deficiency reacted, but platelets from patients with 
thrombasthenia did not clump. This property of connective 
tissue and muscle may be important in physiologic and path- 
dlogic platelet aggregation. 


Physiology 


GANGES IN HEMOSTATIC POTENTIAL AND MECHANICAL SUPPORT OF THE 
HOOD VESSEL WALL PRODUCED BY DEXTRAN, ANTICOAGULANTS, 
MAWRONIDASE, AND MOCCASIN SNAKE VENOM. Herbert J. Berman* 
mi Blaine Rosen*. Boston University, Boston, Mass. 

Thrombus and fragility thresholds were determined in hamster 
theek pouch vessels and correlated with bleeding times obtained 
y tail puncture, cutting, and electrical rupture of pouch ve-: els. 
fresholds were defined as the minimal electric stimuli producing 
tither a thrombus or a hemorrhage. Infusion of dextran increased 
te bleeding time and the threshold for platelet thrombosis. The 
tunges varied with the infusion procedure, concentration of 
dextran in plasma, and type of dextran infused. Replacing 3 ml 
tf blood with B-512 dextran produced a 6 fold increase in thrombus 
tteshold, Topical applications of increasing concentrations of 
uticoagulants progressively increased the thrombus threshold 
mi decreased the fragility. Beyond a certain concentration 
tirombi did not form, but the wall continued to weaken. Hyaluron- 
liase and moccasin snake venom produced no significant change in 
tte thrombus threshold but weakened the wall. Dextran slightly 
lwered the fragility threshold, sometimes significantly. Its 
liluent, isotonic saline, also lowered the fragility threshold 
lightly, (Aided by the Dept. of the Army, OSG, and the Nat'l. 
kart Inst., PHS. 
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Pharmacology 


EFFECTS OF RESERPINE AND THROMBIN ON PLATELET SEROTONIN. 
J, R. Gaintner*, D, P, Jacksonand E, W, Maynert, Depts. of 
Med. & Pharmacol., Johns Hopkins Univ., Baltimore, Md, 

Others have shown that reserpine and thrombin release 
serotonin from platelets and that reserpine blocks serotonin 
uptake by platelets. In the present study twice-washed hu- 
man platelets suspended in phosphate-buffered saline (pH 7.6) 
containing physiological amounts of potassium and glucose were 
incubated for 1 hour at 37°C with reserpine or bovine thrombin 
in the pr or ab of added serotonin. Serotonin 
content of the treated platelets was determined spectrophoto- 
fluorometrically and related to platelet protein. Dose- 
response curves revealed that 0.01 ug/ml of reserpine or 1 
unit/ml of thrombin were maximally effective for both the 
release and inhibition of the accumulation of serotonin. 
Reserpine (1 pg/ml) released only 37%, whereas thrombin (10 
units/ml) released 73% of the platelet serotonin; p =< 0.01. 
Reserpine blocked 82% of the uptake of serotonin (14 ug/ml 
in incubation medium), whereas thrombin not only blocked 
accumulation completely but released 10% of the endogenous 
amine; p =¢€0.01. Reserpine released 23% of the serotonin 
in 5 min., 28% in 15 and 33% in 60 min. However, thrombin 
caused maximal release (82%) in 5 min. Platelets depleted 
of serotonin by either reserpine or thrombin were able to 
concentrate the amine after one washing. 





Pathology 


DISTURBANCES OF PLATELET VOLUME IN DISEASE, CORRELATION WITH 
ULTRASTRUCTURAL ABNORMALITIES. JeWe Rebuck, JM. Riddle* and 

B *, Henry Ford Hosp., Detroit, Mich. and American 
Optical Co., Southbridge, Mass. 

An apparatus and method for the determination of mean 
platelet volume were devised which permitted reading of the 
relatively small platelet column heicht after centrifugation 
of platelet rich plasma. A graphical computer section on a 
reader plate converted the eyepiece scale readings to a per 
cent reading. Mean platelet volume in control and disease 
states was Correlated with platelet ultrastructure. In idio- 
pathic thrombocytopenic purpura, macroglobulinemia of Vialden- 
str8m, Hegglin's syndrome and leukemia there was an increase 
in mean platelet volume but deficient pseduopodial formation. 
Thrombocytopathy A revealed a mean platelet volume within nor- 
mal limits But a marked increase in intermediate and spread 
forms and VM(viscous metamorphosis). Pernicious Anemia prior 
to treatment presented deficient ee pseudopodial form- 
ation and an increased mean platelet volume whereas in remiss- 
ion spread forms and VM were increased with an accompanying 
decrease in mean platelet volume. Patients suffering from 
polycythemia vera with normal platelet counts or with thrombo- 
cytosis revealed an increase in abortive derdritic forms, 
spreads and VM and platelet Wtianel low normal values) which 
did not reflect the structural deviations. 


Pathology 


FAMILY STUDY OF A QUALITATIVE PLATELET DISORDER (GLANZMANN) 
M. A. Pittman* and John B. Graham. Pathology Dept., Univ. of 
North Carolina School of Medicine, Chapel Hill, N. C. 

The family consisted of mother, 6 sisters and 4 brothers. 
The adult daughter not studied and the dead father had not 
bled excessively. The mother and 7 of the sibs were normal 
clinically and by test. Tests included bleeding (B1.T.) and 
clotting times (Cl.T.), tourniquet test (TT), clot retraction 
of whole blood and isolated platelets, prothrombin (PT) and 
partial thromboplastin times (PTT), prothrombin utilization 
rate (PUR) and platelet counts. Three girls who bled excess- 


the population, the normal parent(s), the parental consanguin- 
ity and the ratio of affected:normal (3:7) strongly suggest 
the disorder is caused by a rare recessive autoswnal gene. 
All 3 affected persons were females. This might indicate sex 
limitation or an abnormal sample. The chance probability was 
calculated at 4.07%. Although this approaches significance, 
the sex ratio among cases in the literature approximates 1. 
This suggests that sex limitation is not significant in 
Glanzmann's disease and that our sample is abnormal. 





Pathology 


THROMBOCYTE ALTERATIONS DURING COAGULATION: MICROSCOPIC 
OBSERVATIONS OF THIN SECTIONS, N. F. Rodman, Jr.*, 
R. G. Mason*, N. B. McDevitt*, and K, M. Brinkhous. 
N. C. School of Medicine, Chapel Hill, N. C. 

The fine structure of blood platelets before and during co- 
agulation is presented as seen in electron micrographs of thin 
sections. Citrated platelet-rich human plasma is recalcified 
and at intervals buffered Os04 is added. The suspension is 
centrifuged, and the platelets are dehydrated in ethanol and 
embedded in methacrylate. Before recalcification the plate- 
lets are oval-shaped with occasional short, stubby projec- 
tions. Granulomere structures are randomly distributed. 

After recalcification the shape becomes irregular with a wavy 
external border and elongated pseudopods. The body of the 
platelet appears smaller, and granulomere structures are with- 
in the body, frequently with a more central location. Vacu- 
oles appear. Some of the platelets then fit together as the 
pieces of a jigsaw puzzle, with intact limiting membranes. At 
this stage fibrin strands are observed, frequently in juxta- 
position to platelets. Small platelet masses assume a more 
intricate pattern with interposition of pseudopods with limit- 
ing membranes. Fibrin strands are between some of these 
Structures. The platelet masses enlarge with varying patterns 
of the aggregates. (Supported by USPHS grant 2G-92). 


Univ. of 
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INTERACTION OF Hg+* WITH HUMAN ERYTHROCYTES, R,I,Weed™, Univ. 
of Rochester Med, Sch,, Rochester, N, Y. 

The interaction of Hg** with red blood cells has been 
studied by measuring the uptake of Hg?03 by red cells under 
a variety of circumstances, These studies were undertaker 
to define the nature of the binding and the relation of the 
latter to K* loss and changes in osmotic fragility. The 
significant features of the binding are: 1) rapid achieve- 
ment of equilibrium (3-5 minutes); 2) prevention of b 
at low concentrations of Hg** (2,5 x 10-7 to 5.0 x 10-° M) 
by release of a complexing material from the cells them- 
selves; 3) induction of K* loss and concomitant decrease in 
osmotic fragility over the range of concentrations from 
1 x 10-17 to 1 x 10-5 moles » Well below Hg** concen- 
trations that approach saturati-~ of the cellular binding 
sites, The % K*-loss is depena int on the amount of Hg bound/ 
RBC; 4) prevention of Hg** binding by cysteine, glutathione 
penicillamine and EDTA but not by imidazole or histidine; 5} 
binding of Hg** in amounts up to 4 times the glutathione con- 
centration before combination with glutathione itself; 6) 
binding primarily to hemoglobin SH groups (79%) and to a 
small number of stromal SH groups but also to other non-SH 
cellular ligands after saturation of the SH groups, 


Physiology 


THE CONTRIBUTION OF SIALIC ACID TO RBC MOBILITY. M.A. Madoff* 
and E.H. Eylar™. New England Center Hospital and Harvard Med. 
School, Boston, Mass. 

The release of sialic acid from pig, cow, horse, and chick- 
en RBC and stroma by pneumococcal neuraminidase was measured 
by both the resorcinol and Warren methods. The total sialic 
acid was determined by treatment of the stroma with 0.05N 
250, at 80° for 1 hr. For each species of RBC and stroma it 
was found that the enzyme released 90-100% of the total sialic 
acid content which is 5.8, 11.2, 13.6 and 1).8x10° molecules/ 
RBC for pig, cow, horse and chicken respectively. The neur- 
aminidase treatment greatly reduced the electrophoretic mobil- 
ity in each case except the horse RBC. The mobility was re- 
duced from a3 3° 37> -13.7 to 2.7; -18.0 to -1.h, and 
-12.1 to -3.1x10 /wolt/sec for pig, cow, horse and chick- 
en RBC. Thus the RBC sialic acid in these species must be 
peripherally located and primarily responsible for the high 
negative surface charge. For the horse RBC, the release of 
sialic acid does not produce a correspondingly significant 
reduction in mobility. The sialic acid from pig, cow and 
horse RBC contains a large % of N-glycolylneuraminic acid. 
(Supported by H. H. Whitney Foundation.) 








Biochemistry 


NEURAMINIDASE ACTION ON HUMAN RBC. E.H. Eylar*, 
0.V. brody ond JeLe Oncley. Harvard Med. School, m 
Human were trea with purified pneumococcal 
dase. 95-10% of the total RBC N-acetylneuraminic acid wag ry, 
leased. The electrophoretic mobility in phoephete~spliae buf. 
fer yer 6.4, 'Y2 0.072, was reduced from -15.1xl0™ to 2.2 
10-5 em¢/volt/sec. The in RBC isoelectric point from 
low pH to pH 5-6 showed that N-acetylneuraminic acid makes 
major contribution to the negative surface charge. Pro 
neuraminidase treatment revealed a straight line relationship 
between % of the N-acetylneuraminic acid released and the % 
reduction in mobility or total surface charge. Because of the 
known specificity of the neuraminidase, the reduction in mobi]. 
ity is attributed to a loss of negatively charged N-acetylneur. 
aminic acid (pK 2.7) and not to the uncovering of cationic 
groups. The total N-acetylneuraminic acid content was found 
to be 130 pg/ml packed RBC or 2.lt0,.1x107 molecules/RBC (found 
by enzymatic action on RBC or stroma or hydrolysis of strom 
in 0.05N HS0, at 80° for 1 hr). The change in RBC surface 
charge at pH 6.4, calculated from the mobilities, is 0.9x10! 
charges/RBC. Reasons for the inequality between the change in 
charge and the number of N-acetylneuraminic acid molecules re. 
moved will be discussed. When 15-50% of the N-acetylneuraminic 
acid was removed by action of neuraminidase or influenza PR-§ 
virus, the RBC became immune to further virus attact. 





Pharmacology 

ESTIMATION OF INTRACELLULAR BINDING OF DRUGS IN ERYTHROCYTES, 
Jean M. Johnson* and Lewis S. Schanker. Natl. Insts. of 
Health, Bethesda, Maryland 

Human erythrocytes were suspended in Tyrode's solution 
(pH 7.4) containing 1-4 mmol/1 of a drug, and the suspensions 
shaken at 37° C. At the steady state, the cell water/extra- 
cellular water concentration ratios of three neutral mole- 
cules were: ethylene glycol-Cl4, 1.0; p-nitroaniline, 4.4; 
and sulfaguanidine, 2.2. The ratio of an anion, phenol red, 
was 3.2. Assuming that unbound neutral molecules would have 
a concentration ratio of 1.0, and unbound anions, like the 
chloride ion, a ratio of 0.7, the calculated degrees of cell 
binding are: ethylene glycol, 0 %; p-nitroaniline, 77 %; 
sulfaguanidine, 55 %; and phenol red, 78 %. For a direct 
estimation of intracellular binding, red cells previously 
incubated with a drug were ruptured by sonic oscillation and 
diluted to varying degrees with drug solution. The result- 
ing suspensions were subjected to ultrafiltration through 
cellophane, the degrees of binding plotted graphically, and 
the binding for undiluted cells determined by extrapolation 
of the data. The binding values obtained were in close 
agreement with those estimated above: ethylene glycol, 0 % 
p-nitroaniline, 77 %; sulfaguanidine, 52 %; and phenol red, 
76 %. Nearly all of the intracellular binding is accounted 
for as binding to hemoglobin. 





Pathology 


MECHANISM OF ANEMIA IN MALIGNANCY. Roy Korson. Univ. of 
Vermont Coll. of Med., Burlington, Vermont. 

One hypothesis offered to explain the anemia associated 
with malignant tumors is the presence of a circulating “tox- 
in". To test for evidence of such a humoral factor, mice were 
joined parabiotically, union being established between the 
animals' ekin, subcutaneous tissue and muscle, while their 
peritoneal cavities remained intact. Ehrlich ascites tumor 
was introduced into one member of the pair and hemograms were 
obtained from both partners. Initially erythrocyte counts, 
hemoglobin values, and microhematocrits were recorded daily; 
in later experiments microhematocrits analyzed every other 
day served to evaluate anemia. Not only did the tumor-bear- 
ing mice show a fall in hematocrit from a normal value of 47% 
to levels of 15% or less, but the non-tumor-bearing partners 
showed a corresponding anemia, coextensive in time and degree. 
The anemia so induced in the tumor-free parabionts, apparently 
by a humoral mechanism, was reversible if the animals were 
separated. Return of hematocrits to normal did not start im- 
mediately, as might be expected if the anemia were due solely 
to exchange transfusion of altered erythrocytes from the can- 
cer-bearing to the tumor-free animals. Instead there was & 
lag period, in some cases up to 16 days, before recovery 
started. The latter is suggestive of a bone marrow depres- 
sion. (Supported by USPHS Grant C-3910). 
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Immunology 


tif PROTEIN "PROFILE" OF HUMAN ERYTHROCYTES. H. Markowitz, 

_§. Hill, Jr.,* G. E. Cartwright and M. M. Wintrobe. 

tniversity of Utah, College of Medicine, Salt Lake City, Utah. 
femolysates of human erythrocytes have been chromato- 

d on DEAE-cellulose columns, prepared in the phosphate 
form. Hemoglobin and carbonic anhydrase are not adsorbed on 
the column. Other non-hemoglobin proteins are retained and 
can be eluted by a phosphate buffer gradient. In this manner 
g many as thirteen ultraviolet absorbing peaks can be ob- 
tained and the resulting chromatogram is termed the "non- 
hemoglobin profile" of the erythrocyte. Ome to five antigenic 

mts were noted in each peak. Blood from normal human 
gults and patients with polycythemia vera and umbilical cord 
plood were used. Stroma free hemolysates were placed on the 
column and eluted successively with distilled water, a phos- 

buffer gradient (-*0.2 M, pH 5.2) and a NaCl-phosphate 
wffer gradient. Twelve normal hemolysates gave essentially 
similar results with a broad complex of peaks eluted at low 
ionic strengths, a few peaks at higher ionic strengths and 
a further complex obtained with NaCl-phosphate. Several ad- 
ditional peaks, eluted by water, were present in hemolysates 
of fetal cells. Profiles of erythrocytes from patients with 
polycythemia vera differed from both normal and fetal cells. 
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Pharmacology 


HYDROGEN PEROXIDE DETOXIFICATION AND DRUG-INDUCED HEMOLYTIC 
WNEMIA. Gerald Cohen* & 1H *, Columbia University, 
New York. 


Erythrocytes suspended in buffered (pH 7.4) 0.9% saline 
were subjected to low-level, steaiy state concentrations of 
yo by means of a simple diffusion technique. When glucose 
yas omitted from the incubating medium, a steady loss in 
reduced glutathione (GSH) was observed, demonstrating a 
functioning GSH peroxidase system in the presence of large 
amounts of erythrocyte catalase. throcytes subjected to 
diffusing H202 (0.5 - 1.5 umoles/nr.) for prolonged periods 
of time exhibited progressive methemoglobin formation, 
increased osmotic fragility, and eventual lysis. In the 
presence of glucose, normal erythrocytes regenerated GSH 
presumably via the production of TPNH from the hexose mono- 
phosphate shunt; thus, the GSH peroxidase mechanism of 
detoxifying H202 could be maintained. It is suggested that 
hemolysis induced by drugs such as pamaquine, acetylphenyl- 
hydrazine, etc., in individuals with erythrocytes deficient 
in glucose-6-phosphate dehydrogenase, may be related to an 
inability to protect against the toxic effects of H202. 


Pharmacology 


THE ACTION OF AUTOXIDIZABLE COMPOUNDS IN INDUCING ERTHROCYTE 
HEMOLYSIS. Paul Hochstein* and Gerald Cohen*. Columbia Univ., 
New York. 

The biochemical mechanism underlying the sensitivity o7 
G-6-P dehydrogenase-deficient erythrocytes to a disparate 
number of hemolytic agents has not yet been clarified. In 
the present experiments, the hemolytic effects of a large 
series of dihydric phenols and their corresponding quinones, 
&9., hydroquinone, menadione, etc., were studied. These 
Compounds function in reversible oxidation-reduction systems 
and generate hydrogen peroxide, as may be shown by coupled 
oxidations with peroxidase. When incubated with erythrocytes, 
they produce a striking increase in osmotic fragility, pre- 
teded by a fall in the level of reduced glutathione, and 
accompanied by increasing methemoglobin formation. Their 
action mimics that of more classical hemolytic drugs such as 
primaquine and acetylphenylhydrazine, as well as that-of 
hydrogen peroxide when it is added in low-level, steady-state 
concentrations by diffusion techniques. Despite the seeming 
Paradox of the presence of catalase, the data to be presented 
indicate that hydrogen peroxide may play a key triggering role 
in red cell lysis, and that the variety of well-known hemo- ‘ 
lytic agents may have in common the conversion to auto- 
tidizable derivatives. 














Pathology 


POSITIVE DIRECT COOMBS' TEST IN TRYPAN BLUE INDUCED HEMOLYTIC 
ANEMIA, David V. Brown and Lorna M. Norlind*, Department of 
Pathology, VA Hospital and University of Washington School of 
Medicine, Seattle, Washington. 

An anemia characterized by a positive Coombs' test was ob- 
served in rats following the subcutaneous injection of trypan 
blue solutions. There was a marked drop in hematocrit by the 
10th day after injection with spontaneous recovery by the 
16th day if no further dye was given. Subsequent bi-weekly 
doses were less effective and eventually the hematocrit sta- 
bilized at about the 40% level. A shortened red cell survi- 
val time, increased osmotic fragility, reticulocytosis and 
hyperplasia of the bone marrow were observed in the anemic 
animals, Survival studies indicated an extrinsic mcchanism 
of erythrocyte destruction. Direct and indirect Coombs' 
tests were positive when the anemia was most severe. A pro- 
nounced splenomegaly and lymphadenopathy were associated with 
widespread erythrophagocytosis., In vitro studies suggested 
that the dye acted as a prosthetic group in binding serum 
protein constituents to the erythrocytes. It was concluded 
that the hematologic alterations could best be attributed to 
the protein-binding propensities of trypan blue rather than 
to toxic or immunologic mechanisms, 

(Supported in part by Grant No. C3309 from NIH) 


Pathology 
ANEMIA IN THE RAT PRODUCED BY METHYL CELLULOSE. Donald A. 
Rowley, Frank W. Fitch and Inger Bye.* Dept. of Pathology, 
University of Chicago, Chicago, Illinois. 

Repeated bi-weekly intraperitoneal injections of 50 mg of 
methyl cellulose (m.c.) produced in the rat an hemolytic 
anemia characterized by splenomegally, decreased erythrocyte 
survival, and bone marrow hyperplasia. Splenectomized rats 
receiving equivalent doses of m.c. had less severe anemia and 
normal erythrocyte survival. After several injections of m.c. 
the serum from intact or splenectomized rats contained m.c. 
in concentrations of 50 to 100 mg%. Serum containing these 
concentrations of m.c. aggregated erythrocytes. The agere- 
gation was due entirely to m.c. The spleen removed aggre mted 
or injured erythrocytes from the circulation; an enlarged 
spleen was more effective than a spleen of usual size. As 
injections of m.c. were continued, the sem a concentration of 
mec. fell to levels which did not cause aggregation of 
erythrocytes; this occurred in part because of development of 
severe renal damage characterized by urinary excretion of m.c. 
and marked proteinuria. Renal damage was equivalent in 
intact and splenectomized rats. Thus, the aggregation of 
erythrocytes by circulating m.c., splenic removal of erythro- 
cytes, and renal damage were important in the pathogenesis of 
the anemia. The role of each of these factors varied during 
different stages in the development of the anemia. 


Pathology 


ERYTHROCYTE SURVIVAL IN THE TUMOR BEARING HAMSTER 

UTILIZING IN VIVO CHROMATION. P. E, ae 

C. P, Emerson* and G. H. Friedell#. Depts. of 
emat. an ath., Mass. Mem. Hosps. and Boston 

Univ. School of Med., Boston, Mass, 

The determination of erythrocyte survival in 
normal and tumor-bearing golden hamsters has been 
accomplished with a simplified in vivo teebptaue, 
using intraperitoneally administered Naocr 104. 
The erythrocyte survival has been shown to be 
shortened to varying degrees in hamsters bearing 
tumors of two types, a methylcholanthrene-induced 
sarcoma (MCP), and a hamster melanoma (MM2), The 
sites of Crd deposition, which are presumed to 
represent the principal sites of RBC destruction, 
have been determined by counting samples of organs 
obtained at the death of the animal. The liver and 
spleen have consistently ogee tape apa. large 
amounts of the administered Cr2+, while little has 
been found in the tumor itself or in other organs. 
Pathological examination demonstrates extramedul- 
lary hematopoiesis and varying degrees of hyper- 
plasia of the reticulo-endothelial system in the 
liver and spleen, related to the degree of anemia, 


on the pupor-bearing animals. Supported by grant 











Pathology 


EFFECT OF INFLAMMATION ON IRON FROM TRANSFUSED NON-VIABLE 
ERYTHROCYTES . *, J. F. Ross, and B ter*. 
Dept. of Biophysics & Nuclear Medicine, School of Medicine, 
University of California, Los Angeles, California. 

Using radioiron, the influence of sterile turpentine- 
induced inflammation on the iron of the Reticulo-Endothelial 
System is being studied. From 20 min. to 6 days following the 
transfusion of labelled senile red cells, the subsequent dis- 
tribution of radioiron was followed in the liver, spleen, 
marrow, red cells and plasma of normal and abscessed male rats. 
After tran8fusion of the non-viable red cells containing less 
than 0.02 mg Fe/100 gm rat, there was, in the abscessed ani- 
mals, a decreased incorporation of radioiron into new erythro- 
cytes and an increased retention of radioiron in the liver 
and spleen. The radioiron content of the plasma rose in both 
cases to @ maximum by 2 hours and then fell, but was consi- 
derably less in the abscessed rats. These data indicate that 
during inflammation iron from transfused non-viable erythro- 
cytes may be retained in the liver and spleen so that subse- 
quent transport of the released iron to the marrow is, in con- 
sequence, reduced. These experiments confirm and extend the 
observations of Freireich, Miller, Emerson and Ross, Blood 12, 
972, 1957. (Supported by Contract AT(04-1)GEN-12 between the 
Atomic Energy Commission and the University of California.) 


046 BLOOD—Erythrocytes—Metabolism 
Physiology 


ACTIVATION OF GLUTATHIONE REDUCTASE (GSSGR) IN HEMOLYZATES BY 
STROMATA. P. E. Carson*, W. K. Long* and C. E. Ickes*. Dept. 
of Med. Univ. of Chicago, Chicago, I11l. 

Hemolyzate of washed human erythrocytes made by freezing 
was diluted to 6-8 Gms. Hgb./100 ml with 0.067M phosphate 
buffer. Half was twice centrifuged 1 hr. at 28000g, 4°C. Part 
of this stroma-free supernatant was kept cold (I). The other 
part (II) and the uncentrifuged hemolyzate containing stromata 
(III)were each heated for 1 hr. at 45° C. III was then also 
centrifuged twice. Each of these hemolyzates at 0.21 Gms . Hgb/ 
100 ml was assayed for GSSGR by determination at 340 mp of 
TPNH oxidized at 37° C. Assays contained Tris. 0.13M, pH 7.6; 
EDTA 0.065 M; TPNH 3x107? M; GSSG 4.5x107 M. Average maximum 
rate of TPNH oxiduzed/ml./min. was I and II,2.4x10~°; III, 
2.8x10-8 JIII/I=16.7%. Activation of III occurred in 9 hemo- 
lyzates assayed including 2 from primaquine-sensitive erythro- 
cytes. DPNH in place of TPNH was oxidized at a rate of 1.2x10 
-? M/ml./min. and was also activated in III. Results are con- 
firmed by another method, i.e., determining GSH formed. Simut- 
taneous inactivation of G-6-PD was also observed. Protection 
of G-6-PD in III by addition of TPN (10% M) did not prevent 
activation of GSSGR. Under these conditions activation of 
GSSGR occurs in the presence of stromata but not in their 
absence. (Supported by grants from 0SG,DA-49-007-MD-968 and 
NIH, USPHS H 4516 (CL) 


Biochemistry 
INCORPORATION OF LABBLED MANGANESE INTO DUCK ERYTHROCYTES, 
we Raymond Klein and G, E. Norris.* Biology Depts., 


Brookhaven National Laboratory, Upton, N. Y., and Denison 
University, Granville, Ohio. 

Duck erythrocytes in vitro reversibly take up labeled 
manganese (Mn>*) added to blood, Following x-irradiation of 
the animal the uptake decreases to a low level, Thus, the 
uptake is a function mainly of the reticulocytes in the blood. 
Heme preparations from blood containing labeled cells and 
hemin preparations from such celis contain no more Mn°” than 
preparations from suitable controls, Intravenously-adminis- 
tered Mn>4 appears in erythrocytes presumably as a function of 
the uptake observed in vitro and of incorporation during cell 
formation a maturation in bone marrow. Some of the Mn°>4 of 
cells labeled in vivo is recoverable in association with 
preparations of heme and hemin, This indicates that the 
state of a portion of the manganese entering the cells in vivo 
differs from that obtaining in vitro and supports the hypothe- 
sis (Borg, D. C., Cotzias, G. C., Nature, 182, 1677, 1958) 
that erythrocyte manganese is present as a porphyrin complex. 
(Supported by the U. S. Atomic Bnergy Commission) (*Supported 
by a grant from the Education Committee of the American 
Physiological Society). 














Biochemistry 
EFFECTS OF VARIOUS CHEMICALS ON THE METABOLISM OF 
PHOSPHATE COMPOUNDS IN ERYTHROCYTES, Gordon C, Mills, 
Dept. of Biochem. and Nutr., Univ. of Texas Med. Br., Galvesto, 

Anion exchange analysis has been utilized to determine changes 
in phosphate compounds of normal erythrocytes during incubation in 
vitro. The effects of addition to erythrocytes of ascorbic acid, 
acetylphenylhydrazine, azide, fluoride and iodoacetate have been 
studied. The first two of these compounds bring about a rapid hemg. 
ysis of primaquine-sensitive erythrocytes. Azide brings about a 
marked formation of methemoglobin, while fluoride and iodoacetag 
are inhibitors of the glycolytic pathway. Neither azide, ascorbic 
acid nor acetylphenylhydrazine appreciably affected levels of varigy 
organic phosphates. Apparently, conversion of hemoglobin to 
methemoglobin brought about by azide has no adverse effect on the 
main metabolic pathways of erythrocytes. Ascorbic acid and 
phenylhydrazine undergo a coupled oxidation with oxyhemoglobin to 
yield H O,. Protective mechanisms of normal erythrocytes 
apparently destroy any H 0, before it affects enzymes of the major 
metabolic pathways. Anfon exchange profiles obtained after incul- 
tion of erythrocytes with fluoride and iodoacetate are consistent with 
the view that the primury sites of inhibition of these agents are att, 
enzymes enolase and slyceraldehyde-3-phosphate dehydrogenase, 
respectively. (Supported by USPHS Grant H-2579). 


Biochemistry 

INCORPORATION OF NICOTINIC ACID INTO PYRIDINE NUCLEOTIDES @ 
ERYTHROCYTES AND RETICULOCYTES OF RABBITS IN VITRO. 
Jaffé* ani Edwin B. Gordon* Dept. of Med., Albert Einstein 
College of Medicine-Bronx Municipal Hospital Center, New Yor 

Mammalian erythrocytes can synthesize pyridine nucleotide 
when incubated with appropriate substrates. Washed rabbit 
erythrocytes were incubated at 37°C for 4 hours with nicotini 
acid-7-C~” (NA), glucose, glutamine and inorganic phosphate, 
The pyridine nucleotides were isolated by ion exchange colm 
chromatography and were characterized by fluorometric ani em 
zymatic methods, as well as by paper chromatography before ai 
after hydrolysis. The nicotinamide portion of DPN obtained 
from mature erythrocytes was labelled, but no radioactivity 
was observed in TPN. Reticulocytes, obtained from rabbits 
made severely anemic by administration of acetylphenylhyin- 
zine, yielded DPN with a specific activity 3 to 8 times that 
of DPN isolated from mature erythrocytes, and significant 
radioactivity was present in the ZPN. A small admixture of 
leukocytes in the erythrocyte preparations could not account 
for the observed incorporation of NA into pyridine nucleotide 
These studies indicate that incorporation of NA into DPW 
greatly exceeds its incorporation into TPN and that the abili- 
ty to incorporate NA into DPN and TPN declines with maturation 
of the erythrocyte. (Supported by grants AEC-AT(30-1)1855 
and USPHS H-2803, A-7598.) 


Biochemistry 





"RELATIONSHIP BETWEEN GLYCOLYSIS AND THE 


NUCLEOTIDE PATTERN IN INCUBATED HUMAN BLOOD. 
Charles Bishop. Univ. of Buffalo School of Medicine, 
Buffalo, N.Y. 

Previous work from this laboratory has shown that when 
human blood is incubated at 37° for 2 hrs. with various inhi- 
bitors of glycolysis, some or all of the ATP is converted to 
AMP, IMP, or hypoxanthine. The type and magnitude of the 
changes vary with the inhibitor used. Since blood stored at 
4° or incubated at 37°C undergoes similar nucleotide changes 
(but more slowly), it seemed pertinent to correlate glycoly- 
sis in incubated blood with its changing nucleotide pattern. It 
ACD solution, approximately half of the glucose disappeared 
within 48 hrs. at 37°, and lactate produced was less than2 
moles per mole of glucose utilized. When heparin was used 
as an anticoagulant, and the same amount of glucose as in 
ACD solution was added, all the glucose disappeared. Under 
anerobic conditions lactate production was approximately 2 
moles per mole of glucose. Added lactate did not affect the 
rate of glycolysis but added lactic acid did retard it. Main- 
tenance of ATP level is dependent on continuing glycolysis. 
Both processes are adversely affected by citrate. 
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Biochemistry 


4 POSSIBLE FUNCTION OF 2,3-DIPHOSPHOGLYCERATE IN THE ERYTHRO- 
qm. John M. Foster*, Leonard S. Bushnell*, and Fabian J. 


lionett a. Dept. of Biochemistry, Boston Univ. Sch. of Med., 
, Mass. 


3ephosphoglycerate (3-PGA) and 2,3-diphosphoglycerate (DPG) 
were isolated from human erythrocyte ghosts incubated with in- 
gsine and P 2 by ion exchange and paper chromatography, and 
their specific activities measured. DPG was appreciably less 
radioactive than 3-PGA because of endogenous DPG. The spe- 
sific activities of the two phosphates of DPG as determined 
iy hydrolysis were found to be equal. This suggests that 
the P32 is introduced by an exchange with PGA catalyzed by 
Mlemutase, since synthesis directly from 1,3-DPG would in- 
lve the unlabeled intracellular P; pool and would produce 
asymmetrically labeled DPG. Enzymatic measurement of phos- 
toglycerate synthesis showed that 3-PGA was synthesized in 
sroportion to the initial inosine concentration, but the DPG 
level remained unchanged. This is in marked contrast to the 
rapid synthesis of DPG from inosine in intact erythrocytes 
depleted of DPG by prolonged preincubation (Mills and Sumers, 
irch. Biochem. & Biophys., 34, 7, (1960)). These observations 
suggest that DPG functions not only as a coenzyme for PGA- 
mtase but also participates in a storage mechanism for carbo- 
yyirate and inorganic phosphate in the erythrocyte. 
(Supported by NSF Grant G-6394 and USAEC Grant AT-30-1 (1845)) 


Biochemistry 


PURIFICATION AND PROPERTIES OF THE FORMATE ACTIVATING-ENZYME 
FROM HUMAN ERYTHROCYTES. J.R. Bertino*, B. Simmons*, and 
DM. Donohue*. Univ. of Washington, Dept. of Medicine and 
King County Blood Bank, Seattle, Washington. 

The demonstration by Lowy and Williams (J. Biol. Chem., 235 
22h (1960)) that rabbit erythrocytes can incorporate C1*-for- 
mte into purines suggests, by analogy with the well-studied 
wian liver system, that N+°-formyl tetrahydrofolate is the 
actual C; donor. Accordingly, erythrocytes were examined for 
the formate-activating enzyme which carries out the reaction: 
formate + ATP + tetrahydrofolate — N?°-formyl tetrahydro- 
folate + ADP + Py. The enzyme has been detected in human 
erythrocytes and purified from hemolysates by precipitation 
vith ammonium sulfate. The pH optimum (TS); requirements 
for both a divalent cation (Mg ) and a univalent cation 
(at or NH,*), and the values of the Michaelis constants for 
MIP, formate and tetrahydrofolate are similar to the corres- 
ponding properties of the enzyme from other tissues. ADP and 
i, products of the reaction, inhibit the enzyme activity at 
concentrations of 10°° M. The‘level of activity in hemoly- 
sates from mature cells is approximately 40 wmoles per hour 
per g of hemoglobin, and in younger erythrocytes the value is 
severel-fold higher. 





Pharmacology 


THE INDUCTION OF ALCOHOL OXIDATION BY INTACT MAMMALIAN ERYTHRO- 
ES. T. R. Tephly*, Ge J. Mannering and R. E. Parks, Jr. 
Dept, of Pharmacology, Univ. of Wis. Med. School, Madison, Wis. 

Since erythrocytes have a high catalase content they should 
be capable of oxidizing alcohols and other substances via the 
coupled peroxidative mechanism of Keilin and Hartree (Biochem. 
J, 39: 293, 1945). However this normally does not occur, prob- 
ably because of insufficient generation of hydrogen peroxide 
within the normal intact red cell. Hemolyzates will oxidize 
formate if cysteine or glutathione are added (Rappoport et al., 
atch, Biochem, and Biophys. 63: 343, 1956). Brin and Yonemoto 
(J, Biol, Chem. 230: 307, 1958) observed that when methylene 
dlue was added to intact human erythrocytes, the oxidation of 
glucose was increased as the result of stimulation of the pen- 
ese shunt. This suggests that flavin enzymes present in the 
ttythrocyte may be activated with the concommitant generation 
of hydrogen peroxide. The hydrogen peroxide evolved would be 
Wailable to complex with erythrocyte catalase and ethanol, It 
Mas been possible to induce the oxidation of these alcohols in 
intact, washed mammalian erythrocytes by addition of methylene 
‘ue and glucose. Rates of oxidation approximating 2.4 ymol/ml 
tf blood/hr have been recorded using this system. Other dyes 
‘ith similar redox potentials are equally effective. When as- 
‘orbic acid was used with methylene blue and glucose, rates up 
10 umol/ml of blood/hr were observed. 








Pathology 
EFFECT OF PYRUVATE ON METABOLISM OF INOSINE BY ERYTHROCYTES. 
T.J. McManus* and T.A. Borgese*. Department of Medicine, 
Harvard Medical School, Boston, Mass. 

10% suspensions of human erythrocytes in phosphate buffered 
media (0.07 M in P) containing inosine (0.005 M) were incubated 
90 minutes at 37 C with and without added pyruvate (0.01 M). 
There was net disappearance of pyruvate with the production of 
increased amounts of lactate in the system fortified with pyr- 
uvate (Fed. Proc. 16:220, 1957). Acid-soluble phosphate com- 
pounds were analyzed by ion exchange chromatography. All 
values are expressed pM per ml cells. In the system containing 
inosine alone, fructose diphosphate was elevated almost 200 
fold (16 pM/ml), while 2,3-diphosphoglycerate remained at con- 
trol levels (3.3 pM/ml). Cell inorganic phosphate was elevated 
considerably (10 pM/ml), reflecting high levels in the medium. 
Although the extent of the breakdown of inosine to hypoxanthine 
was identical in the two systems, the cells to which pyruvate 
had been added showed fructose diphosphate levels increased 
only slightly (0.15 pM/ml). On the other hand, diphosphoglycer- 
ate was increased 4 fold (13.9 pM/ml), and inorganic phosphate 
was down (4.2 pM/ml). The addition of pyruvate appears to pro- 
mote the conversion of fructose diphosphate to diphosphoglycer- 
ate: and lactate with an increase in net phosphate esterification. 
The most likely mechanism for this would be stimulation of 
triose dehydrogenase by an increased rate of reoxidation of 
DPNH via lactic dehydrogenase. 





Nutrition 


STUDIES ON HEME AND PORPHYRIN FORMATION IN NUCLEATED ERY- 
THROCYTE FRACTIONS. Vishwanath M. Sardesai*, Sally A. 
Doehr*, and James M. Orten. (From the Department of 
Physiological Chemistry, Wayne State University College 
of Medicine, Detroit. 

The amounts and C14-activities of the major porphy- 
rins and of heme separated by silica gel chromatography 
from intact chicken erythrocytes and from sub-cellular 





fractions incubated with labeled precursors have been 
determined. The primary site of porphyrin synthesis 
appears to be inthe mitochondria, at least from the 


delta-aminolevulinic acid stage. The effects of vita- 
min B,, and of erythropoietin preparations on porphyrin 
and heme formation will be discussed. (Supported by a 
grant from the Nutrition Foundation, Inc. ). 


Nutrition 
THE CARBON@MONOXIDE CONTENT OF BANK RLCOD. Arthur A. Altman,* 
Frank A. Oski,* and Lewis A. Barness. Hosp. © Unive © 








Pa. and Med. School of the Univ. of Pa., Phila., Pa. 

Carbon monoxide may be produced by the hemolysis of red 
blood cells3 one mole of hemoglobin yields moles of carbon 
monoxide. In patients with many types of hemolysis serum 
carbon monoxide is elevated. It is known that infants with 
erythroblastosis fetalis respond better to fresh than to old 
bank blood. Carbon monoxide levels were systematically stu- 
died in bank blood from the time of bleeding to the time of 
use. At bleeding, wide variability was noted in the levels 
of carbon monoxide. As biood aged in the cold in the bank, 
the level of carbon monoxide rose. Carbon monexide in bank 
blood may be a source of deleterious effects in recipients of 
whole blood, especially infants who are more susceptible to 
the effects of carbon monoxide. (Supported in part by Grant 
No. A=2231, Natl. Inst. of Arthritis and Metab. Dis., USPHS.) 
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Biochemistry 


URINARY SUBSTANCE WITH BLOOD-GROUP ACTIVITY. 
M. L. Fielden*, J. S. King, Jr.*, and W. H. Boyce. * 
Bowman Gray School of Medicine, Winston-Salem, N. C. 

A substance derived from the nonultrafiltrable, Veronal 
buffer soluble portion (RS-1) (J. Clin. Invest. 37, 1658-65) 
of the nondialyzable solids of pooled urine has been isolated 
using DEAE-cellulose. Both electrophoresis at pH 8. 6 and 
ultracentrifugation gave a single peak with this substance. 
Analysis: (% of lyophilized weight) N 7.4, hexose 27.4, hexo- 
samine 15.9. Galactose, mannose and fucose were identified 
chromatographically. Specific anti-A and anti-B hemagglu- 
tination inhibitory activity was observed in the most potent 
preparation at concentrations of 156 and 20 pgm/ml, 
respectively. Material with similar properties was in the 
supernatant when an aqueous solution of sub-fraction RS-1C 
(J. Clin, Invest. 38, 1520-4)was saturated with (NH4)2S04 
at pH 3.7. Analysis: N 5.5, hexose 26.7, hexosamine 18. 3, 
sialic acid 4. 8, and hexuronic acid 4.9%. Sub-fraction 
RS-1C before being treated with (NH4)2S0,4 was a potent 
agglutinin of types A, B, and O cells. (Supported by USPHS, 
Helen Hay Whitney Foundation and John A. Hartford 
Foundation. ) 











Pathology 


BLOOD GROUP ANTIGEN DISTRIBUTION IN BREAST LESIONS. M, Tellem*, 


H, R, Plotkin* and D, R, Meranze*. Albert Einstein Medical 
Center, So. Division, Philadelphia, Pennsylvania. 

Ir native antigens, eege, blood group substances 
are altered in malignant or pre-malignant tissues, a 
description of these alterations may yield clues bo 
the process of carcinogenesis. The distribution of 
several blood group antigens was studied in a series 
of malignant and —— breast lesions by hemagglut-~ 
ination-inhibition(HI) and fluorescent antibody(FA) 
technics. Comparisons are made of the HI antigen tie 
ters in benign hyperplasia, malignancy, and tissues 
adjacent to but uninvolved by malignancy, Preliminary 
data on 65 tissues shows a lack of ABHI activity in 
39% of adjacent in contrast to 11 & 8% in malignant 
and benign areas. The D(Rho) antigen appeared to be 
lacking more often in malignant and adjacent tissues 
than in the benign groupe Non-specific HI, unrelated 
to RBC type, was seen in the malignant and benign 
more often than in adjacent tissues. Antigen stains 
(FA) gave similar results. The adjacent and malig- 
nant groups show more native antigen distortion than 
benign processes. (Supported by The American Cancer 
Society-Grant # 318), 


Immunology 


FURTHER EXPANSION OF THE A SYSTEM OF BOVINE BLOOD GROUPS. 
one Stormont. Dept. Microbiol., Univ. Calif., Davis, Calif. 
e A system of bovine blood groups has been regarded for 
years as a two-blood-factor (A and H), tfour-allele, rour- 
phenotype system. In a recent note from this laboratory, it 
was pointed out that D, the most highly frequent of all 
blood factors in Bos taurus, belongs to the A system rather 
than to a separate system by itself. It is now found that 
Z', the rarest of all blood factors in Bos taurus, also 
belongs to the A system rather than to a separate system by 
itself. By inclusion of D and Z', and on recognition of two 
subtypes of A as well as one variant of D, the A system in 
Bos taurus has rather suddenly become expanded to a 9-allele, 
T2=phenotype system. The 9 phenogroups controlled by those 
alleles are designated A,, D, AD, AcD, A,H, DH, A,DH, 
A2DH and A,D22'. 








Immunology 


THE SPECIFICITY OF URINARY BLOOD GROUP SUBSTANCES. Harold 
Baer and Allan Kliman* Division of Biologics Standards, 
Natl. Insts. of Health, Bethesda 14, Maryland. 

Blood group A, B, O (H) activity of urine was assayed by 
the test for inhibition of hemagglutination employing anti-4 
end anti-B sera and Ulex extract and washed human erythro- 
cytes. A and B activity and secretor status as determined 
from urine was identical with that obtained with saliva. 
Ability of the urines to inhibit Ulex extract became evident 
only after concentration; the reactions were specific for and 
limited to specimens from individuals of group 9. Urine 
specificity, therefore, differs from saliva since Ulex 
extract may be inhibited by saliva from individuals of all 
blood groups. The reactions were unaltered irrespective of 
whether the urine was from normal individuals or from 
patients with a variety of diseases from which the urines 
showed variations in pH and specific gravity. 


Immunology 


A "NEW" SUBGROUP OF A. Kurt Stern. Depts. of Path., Chi. 
Med. Sche, Mt. Sinai Hospe, and U. Ill. Coll. Med., and Mt, 
Sinai Med, Res. Foundne, Chicago Th. 

In the serun of a blood donor (V.B.) of group B the expected 
isoagglutinin anti-A was demonstrable only with some red cells 
of group A. 300 specimens of human red cells of groups A ani 
AB were tested in parallel with V.B. serum, high-titered and 
low-titered anti-A and anti-Aj. With V.B. serum, 21 of 2164 
specimens were negative, 133 gave only microscopic aggluti- 
nation, and 62 macroscopic agglutination. None of 39 Ao specie 
mens tested were agglutinated; of 35 A,B specimens, 11 were 
negative, 21 microscopically and 3 macroscopically positive, 
No irregular antibodies were present in the V.B. serum. 
Presence of Lewis factors in red cells wes not related to 
their reactivity with V.B. serum. It is proposed that the 
anti-A of the V.B. serum reacts only with an A agglutinogen 
that bears a similar relationship to A, as does A) to Ao. Thus 
Ay blood specimens may be subgrouped into those with or withat 
a "strong" A agglutinogen, designated Ag. Absorption experi 
ments supported this assumption: when anti-A serum of randm 
origin was absorbed with V.B.-negative A; cells, the remaining 
antibody reacted similarly to the V.B. anti-A. As may be 
related to the A agglutinogen detectable by some plant 
agglutinins (Krtipe and D8tzer, 1956). (Supported in part bya 
grant from the NIH, RG=5539). 


Immunology 


A CAUCASIAN FAMILY WITH THE MINUS MINUS PHENO- 
TYPE, Lu(a-b-). Tibor J. Greenwalt, Mary N. Crawford* 
Ruth Sanger* and R. R. Race.* Milwaukee Blood Center, 
Milwaukee, Wis., Children's Hospital, Philadelphia, Pa. 
and Lister Institute, London, England. 

Minus minus blood group phenotypes are characterized by 
the absence of any detectable phenotypic representation of the 
alleles expected at the determining gene loci. Double minus 
phenotypes have been found in most blood group systems but 
all individuals thus far tested for the Lutherar factors have 
been Lu(at+b+), Lu(a-b+) or Lu(atb-). Six individuals with 
the hitherto undisclosed blood group Lu(a-b-) were found in 
three generations of this Caucasian family. None was found 
to have anti-Lutheran antibodies. The Kidd blood groups also 
are anomalous. The father of the proposita is Lu(a-b-), 
Jk(a-b+) and the mother is Lu(a-b+), Jk(atb-) and yet she 
and her two brothers are Lu(a-b-), Jk(a+b-). These phendo- 
types may be due to as yet silent alleles at each of the loci 
involved or may be the effect of suppressor genes. 
(Supported by NIH Grant H-5006). 
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Immunology 
OLIGOSACCHARIDES OF BLOOD GROUP A SUBSTANCE FROM 
OVARIAN CYST FLUID. G. Schiffman* and E. A. Kabat. 
Neurologicai Institute, COlumbia Uhiversity, New York. 

The dialyzable components of Blood Group A substance ob- 
tained by sequentially hydrolyzing at pH 1.9, 1.75 and 1.6 
were chromatographed on Darco-Celite using an ethanol gra- 
dient. All three dialyzates were qualitatively similar. In the 
oligosaccharide region there were 6 main peaks, 3 of which, 
in2 mg quantities, gave more than 40% inhibition of A-anti-A 
precipitation. The two most active fractions, and As, were 
fractionated further. Ag yielded N-acetylgalactosaminoyl- 
galactose (AgI,) and two isomeric galactosyl-N-acetylgluco- 
samines (AgII and AgI,), only one of which gives a positive 
N-acetylhexosamine reaction. As yielded two fractions; one 
was a trisaccharide of N-acetylgalactosamine, galactose and 
N-acetylglucosamine; the N-acetylglucosamine is the only 
constituent reducible with NaBH4. The other fraction (AsI) is 
amixture and has not been further resolved. AgIa, AsII and 
AsI are active inhibitors; AzI}, and AgII are inactive. (Aided 
by the National Science Foundation (G-5208) and the 
William J. Matheson Commission). 


“48 BLOOD—Hematopoiesis 
Physiology 


A) IN VITRO EFFECT OF INSULIN AND THYROXINE ON INCORPORATION 
(F AMINO ACIDS INTO PROTEIN OF RABBIT BONE MARROW. Thomas F, 
lecheles.* Depts. of Med. and Physiol., Argonne Cancer Res. 
fosp.,* Univ, of Chicago, Illinois. 

Bone marrow is under hormonal control in vivo; these ex- 
periments test for a direct response to thyroxine or insulin 
inyitro. Bone marrow slices from young rabbits were in- 
mbated for 1 hour in Krebs-bicarbonate buffer containing 
bistidine-a-Cl+; the protein was then isolated. Insulin, 

0,01 unit/ml, gave 25.9 + 1.2 (mean + S.E.) % stimulation; 
insulin inactivated by alkali was without effect, as was 
aidition of exogenous glucose or amino acids. ‘Thyroxine, 

WT M, elicited a 49,0 + 2.1% increase in incorporation of 
mino acid; triiodothyronine acted similarly, but diiodothy- 
ronine was without significant effect. The response to 
ttyroxine had a sharp optimum at 10°! M, It is concluded that 
these hormones have a direct effect on peptide synthesis in 
tone marrow. (tOperuted by the University of Chicago for the 
hited States Atomic Energy Commission, ) 


Physiology 


TRANSFER OF A THROMBOPOIETIC FACTOR. Bertram Spector* 
Sloan-Kettering Institute, New York, N.Y. 

Platelet levels are maintained constant for prolonged per- 
iods of time despite the relatively short life span of plete- 
lets, implying regulation. Thus, thrombocytopenia should in- 
duce thrombopoiesis. 15 rabbits, 4 previously splenectomized, 
Meeived plasma from rabbits made thrombocytopenic by Myleran 
@anti-platelet serum. Doses varied from 1.9 to 8&1 ml/kg 
aministered intravenously. As controls, 15 rabbits, 4 prev- 
lously splenectomized, received sma from normal rabbits. 
Doses varied from 5.9 to 81 - Platelet counts were 
taken for 1 week on 9 untreated rabbits, 3 of which had been 
@lenectomized. Average initial counts of these 9 rabbits 
were 514000 platelets/mm blood. Average deviations never ex- 
seeded 5%°5.D.18%. Plasma from normal donors produced a sig- 
uficant depression to 88%*25% of initial recipient platelet 
comts 3 days following transfer (0.05>p>0.02). Plasma from 
thrombocytopenic donors produced thrombo sis in recipients 
wth an average peak of 166%%44% 4 days following transfer. 
When compared to either control group, the results were highly 
significant (p*0.001). No difference in response of splenec- 
tized recipients was noted. The results demonstrate trans- 
fer of a thrombopoietic factor found in the blood plasma of 
thrombocytopenic rabbits. (Supported by AEC Contract AT (30- 


1)-2138, In partial fulfillment of the requiremnts for the 
xB from Sloan-Kettering Division, Corneil University). 





Physiology 
IN VIVO HEME SYNTHESIS IN RABBITS, Ward D. Noyes* aud 
Clement A. Finch, Dept. of Medicine, Univ. of Washington 


School of Med., Seattle, Washington. 

The rate of radioiron incorporation in vivo into heme with- 
in the erythroid marrow has been studied in twenty rabbits. 
Iron supply to the marrow was determined from plasma iron 
(mean value 162 ug. per cent), T 1/2 of plasma radioiron dis- 
appearance (80 minutes), and the proportion of iron leaving 
the plasma which appears in the total skeleton (80 per cent). 
This supply approximates 0.97 mg. of iron/day/100 ml. whole 
blood. Radioiron appeared in marrow heme within minutes after 
intravenous injection and activity continued to rise through 
the four hour study period, The activity found in crystalliz- 
ed heme during the period 15 to 240 minutes was approximately 
81 per cent of the total skeletal activity. The non-heme pool 
of 19 per cent was reletively constant and is consid:red to 
represent a separate iron compartment rather than a precursor 
pool, These data provide a basis for the description of iron 
kinetics in erythropoiesis. 


Physiology 


EFFECT OF FASTING AND BILE RETENTION WITH INANITION ON BONE 
MARROW CELLULARITY AND SODIUM AND POTASSIUM LEVELS IN THE 
RABBIT. James W. Archdeacon, William R. Markesbery*, and 
Bailey R. Binford*. Dept. of Physiology, University of 
Kentucky, Lexington. 

Supravital staining technique was employed in examination 
of femur marrow from fasted and bile duct ligated rabbits for 
nucleated cells and reticulocytes as evidence of mitotic 
activity and erythropoiesis. In both groups body emaciation 
was a common factor since urge to eat was curtailed severely 
in the chronic bile duct occluded animal. Nucleated cells 
decreased 52% in the fasted and 37% in the occluded rabbit 
indicating both treatments constituted marked stressful situa- 
tions. However, the concentration of reticulocytes in the 
marrow of the rabbit with bile retention was about five times 
as great as in the marrow of the fasted rabbit indicating an 
erythropoietic stimulus in the jaundiced condition. Analyses 
of raw femur marrow showed an increase in sodium and potassium 
in the bile duct occluded versus the fasted and control 
rabbits. Plasma potassium was elevated in the occluded rabbit 
probably as a result of hemolysis of red cells with potassium 
release. 
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THE EFFECT OF BATYL ALCOHOL ON HEMATOPOIESIS IN THE 
RHESUS MONKEY. F. EB. NEWSOME* A. H. Tuttle} C. H. 
Jackson*, and R. R. Overman. Dept. Clin. Physiol. 
and Dept. Pediat., Univ. of Tenn., Memphis, Tenn. 

Batyl alcohol, which is thought to be related to 
the thermostable, ether-soluble plasma erythro- 
poietic factor, produced erythrocytic hyperplasia 
in the bone marrow of rhesus monkeys without 
increasing the hemoglobin concentration or the 
hematocrit of the peripheral blood during a 12 week 
period of daily subcutaneous injections. Serial 
osmotic fragility tests indicated that a fraction 
of red cells with greater than normal resistance 
was present throughout this period. From the 
fourth to the eighth week however a larger fraction 
of the cells were more fragile than normal. The 
effect of Batyl Alcohol on the hematopoietic system 
of rhesus monkeys is thus similar, for a period, to 
its effects on other animals. Some individuals 
were x-irradiated with 550r during the eighth week 
of treatment. Their hematological response differed 
somewhat from that of the untreated animals. 
(Supported by a grant from the A.E.C.) 











Physiology 
IMPROVFD SCHEME FOR CHROMATOGRAPHIC PURIFICATION OF HUMAN 
URINARY ERYTHROPOIETIC STIMULATING FACTOR (ESF). J. Winkert*, 
A.S. Gordon, and A. Rauch*. New York University and New York 
Medical College, New York. 

Rambach et al (1958) introduced the use of DEAE-cellulose 
for the chromatogravhic purification of rabbit erythropoietin. 
These workers utilized a double acid to alkaline and ionic 
strength gradient for elution of ESF from the DEAE. Human 
urinary ES? was found to be inactivated by this method. Since 
Winkert anc Gordon (1950) have found human urinary ESF to be 
acid labile, the Rambach procedure was modified in order to 
eliminate the pH gradient. ESF precipitated from urine by h 
volumes of methanol or ethanol was dialyzed ) days acainst 
0.005 M NagHPOQ), - pH 7.1; and applied to a 6 em X 1 cm DEAE 
column.. An ionic strength gradient resulted in the elution of 
5 active components. The most active one was isolated from the 
rest by the introduction of a preliminary batch adsorption 
onto DEAE and elution with 0.12 M NaCl - 0.005 M NaoHPOQ), = pH 
7h. Although chromatogravhically homogeneous, the isolated 
component was demonstrated to be heterogeneous by spectro- 
photometric analysis, and by biological assays. The bioassays 
indicated that ESF or ESF bound to a carrier protein was the 
principle constituent. The addition of a second preliminary 
batch removal of a pigmented contaminant onto DEAE from ESF in 
9.16 M NaCl resulted in a final homogeneous preparation. 
\Supnorted by U.S.P.H.S. grant H-3357.) 
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IMPLICATIONS OF CELL FLOW BETWEEN MORPHOLOGIC COMPARTMENTS ON 
H3THYMIDINE LABELING INDEX (LI) VARIATIONS IN HUMAN BONE MAR- 
ROW.P.G, Reizenstein* E,P.Cronkite, V.P.Bond, T.M.Fliedner*, 
J.S.Robertson ,Med.Res.Center Brookhaven Natl.Lab. ,Upton,N.Y. 
Previously published (Bond et al.) LI in red cell precursors 
after single dose of H3-thymidine was analyzed. Analysis was 
based on magnitude and timing of changes in LI in 4 different 
morphologic compartments. LI increases when a) labeled ceils 
enter a compartment, or b) during the time of transition,when 
labeled cells in a compartment are dividing. LI falls when la- 
beled celis leave a compartment, and LI in the subsequent com- 
partment rises simultaneously, Analysis assuming that morpho- 
logic transformations occur on a random basis failed, but was 
possible when assuming a “pipeline” system, Only the first few 
generative cycles after labeling were analyzed because of in- 
creasing spread around the average time parameters. No assump- 
tions were made regarding intra-marrow cell death, length or 
type of mitosis, or length of DNA synthesis. Data and analysis 
indicate that meaningful information of cell-flow between com- 
partments can be obtained this,way, but were too few and uncer- 
tain to even attempt to establish typical human times, With 
this reservation, mitotic, DNA-synthesis, transition, and total 
generation times, respectively, are given (hours): proerythro- 
blasts:9.13,2.5,1.2,5.2; basophilic:0.4,4.5,1.4,7.3; polychro- 
matic:1.3,9.2,1.5,23; orthochromatic (nondividing) 25. 
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TRANSFER OF IRON FROM SYNTHETIC IRON-BINDING CHELATES " 
TO RABBIT RETICULOCYTES. J. V. Princiotto, G. Shashaty, 
E. J. Zapolski* and M. Rubin* Georgetown University 
Schools of Medicine and Dentistry, Washington, D.C. 





The transfer of iron from the iron-binding protein 
(IBP) of plasma to immature red cells has been well 
established. Jandl has shown that chelated iron (EDTA: 
iron, molar ratio of two or more), inhibits iron 
uptake by the reticulocytes. Utilizing reticulocyte- 
rich rabbit cells in physiologic media, and incubating 
these suspensions with either IBP or varying ratios 
of chelate:iron, we have demonstrated the ability of 
synthetic chelates of different iron-binding strengths 
to deliver iron to immature cells. Intracellular iron 
in concentrations equal to or greater than that 
achieved with IBP was noted, using these chelates, 
some of which are homologues of EDTA. The relationship 
between their ability to deliver as much, more, or less 
iron than IBP appears to be related to their physico- 
chemical properties including solubility, molecular 
structure and iron-binding strength. (Supported by a 
grant from NIH, USPHS, No. A-4447). 











Biochemian 
THE EFFECT OF ETHANOL ON THE URINARY EXCRETION OF PORPHY. — 
RINS AND PORPHYRIN INTERMEDIATES IN HUMAN SUBJECTS. Her- 
bert Johnson*, Arthur Pappas*, and James M. Orten. (Fron 
the Department of Physiological Chemistry, Wayne State 
University College of Medicine, Detroit). 

Previous studies in this laboratory (Bond, C. F., and 
Orten, J. M., Fed. Proc., 18, 517 (1959)) have demonstra- 
ted than an increased amount of coproporphyrin Type III 
and of delta-aminolevwulinic acid and porphobilinogen 
appear in the urine of severe alcoholics as compared with 
control human subjects. The present investigation was 
undertaken to determine whether or not the increased ex- 
cretion of coproporphyrin and of porphyrin intermediates 
disappears with a cessation of alcohol ingestion. Analy- 
sis of the urine of 35 former severe alcoholics who have 
abstained completely for periods varying from 2 months 
to 2 years indicate that this is not the case. The in- 
creased excretion of coproporphyrin Type III persisted, 
Further work is in progress, on the excretion of porphy- 
rin intermediates. (Supported by a grant from the Michi- 
gan State Board of Alcoholism). 
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STUDIES 0% TYE ACTION OF ERYT!OPOIETIE (ESF). Siepmund 
Fischer” and Irving M. London, Dept. of Medicine, Albert 
Einstein College of Medicine, New York. 














ally in 2 injections at intervals of 2) hrs. to 3 groups of 
rats starved for days (3 rats per group’, and the activitioll tumin 
of thymidylate kinase and of delta amino levulinic acid dehy. 
drase were assayed in homorenates of their bone marrow 16 hn, 
after the first injection. TP kinase activity was found to 
be 2.2-7.0 times creater than in the controls, and ALA dehy 
drase activity wes 1.7-1.8 times the control values; the com ™ te 
trol rats (in 3 groups, 3 rats per group) received (9% Naf], i chara 
Following the administration of single doses of FSF to 
froups of rats starved for ) days, Fe?” clearance from the vas m 
plasma and Fe?? uptake by the erythrocytes, tibiae, spleen ai megak 
liver were determined at 6,12,18,2h,35 and 42 hours and com of pla 
pared with results in 0.9% NaCl-trested controls. Si oni fica jected 
increases in the plasma clearance of Fe’? and in the uptake d 
Fe? by erythrocytes ani tibiae were observed in the "SF trai Mima 
ed groups as early as 12 hrs., as vell as at the subsequent leuker 
time intervals after ESF administration. megak 
The significance of these .ghanres in enzymatic activities & metho 
and in the utilization of Fe’” in relationship to the time Of I ou 9 


administration of ESF will be considered in terms of the tions « 
mechanism of action of ESF, from ' 
9 | 

Pharmacology 
ERYTHROPOIETIN PRODUCTION BY THE SITU PERFUSED KIDNEL- CHEMT 
James W. Fisher* and Ben J. Birdwell, Degh & noc 





of Pharmacology, Univ. of Tennessee Med. Units, Memphis, Tem Din 
Seven recipient dog kidneys were perfused in situ for 4 
mean time of 2.1) hours with donor dog blood containing 10" attio 
cobalt chloride per ml. The blood from the kidney was circh § ..4,, 
lated through an isolated dog lung for oxygenation. This evil 
blood contained 1.5 mg papavarine Hel per ml for maximal dile§,,, ; 
tation of the renal blood vessels. Eight isolated donor 40g & in. , 
lungs were perfused alone for 2 hours with blood containing § other 
cobalt. Plasma from the perfusion systems was assayed for immed 
erythropoietin by measuring Fe°? incorporation into red blow). , 
cells in starved male Sprague-Dawley rats before and after the p 
perfusion. Plasma from the kidney-lung system after 2-14 havin 
hours perfusion stimulated significantly (P< .0L) more Fe? 
incorporation (11.2+1.28) in starved rats than plasma from § },,, 
the same blood before perfusion (6.3+-48), No significant § 11; 
difference was found between the mean Fe?? incorporation in ine 
red cells of rats receiving pre-perfusion plasma (5.05+.97) 
and the plasma from blood following perfusion through the denen 
lungs for 2 hours (5.55+1.39). These studies provide posi ahs 
tive evidence that the dog kidney, when perfused in situ,wa 
stimulated with cobalt to produce an erythropoietic factors 
(Supported by USPHS Grant A-2973 C-1, Nat. Inst. Arthritist 
Metab. Dis. & USPHS SF=)63.) 
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Pharmacology 
mg EFFECTS OF VINCALEUKOBLASTINE, STREPTONIGRIN 

4) EPONATE ON THE HEMATOPOIETIC SYSTEM OF MAN. 

i,k. Bierman and G.J. Marshall* Inst. for Cancer & 





Bslood Research, Beverly Hills, Calif. 





yincaleukoblastine (VLB), Streptonigrin and Epon- 
ate have been shown to have antineoplastic proper- 
ties. The simultaneous effects on the hematopoietic 
stem in patients with neoplastic processes, or in 
tients with hematopathologic states have been in- 
vestigated during chemotherapeutic trials. Fifty 
tients with lymphomas, leukemias and neoplasms 

nave been studied 1 to 8 months following single or 
ated intravenous, intracavitary and oral admin- 
istration of these antineoplastic agents. VLB in 
ninimal to moderate doses causes a Gepression of 
granulocytes with minimal to no effect on erythro- 
poietic or thrombopoietic elements. Eponate and 
streptonigrin are less selective in their effect 

amd produce a generalized hematodepression which 
varies in severity with dose and host response. 
Mechanism of action, PMN life span, marrow regener- 
ation times and specific cell line resistance have 
been measured and compared with values obtained with 
other antineoplastic agents. 








Pathology 











MECHANISM OF HEMOCYTOPOIESIS: PLATELET REGULATION, 
NORMAL AND IN LEUKEMIA. Bernhard Steinberg, Frank H. Cheng* 
md Ruth A. Martin. * Toledo Hosp. Inst. of Med. Res., Toledo, O. 

Five hemocytopoietic regulators associated with normal serum al- 
bumin were reported by us previously. This study presents a sixth 
regulator which increases platelets in rabbits, in normal man and in 
certain phases of leukemia. This regulator (Thrombopiesin) is asso- 
cated with a highly mobile albumin component. A previously repor- 
ted regulator, megakaryopiesin, associated with bulk albumin, has a 
characteristic U. V. absorption spectrum. It increased marrow meg- 
tkaryocytes in rabbits and in patients with leukemia, whose marrow 
was markedly deficient in megakaryocytes. Studies indicated that 
megakaryopiesin and thrombopiesin were required for normal content 
of platelets in normal and leukemic people. Serum from animals in- 
jected with thrombopiesin stimulated production of platelets in other 
inimals. Injection of serum fractions into rabbits from patients with 
leukemia showed variable degrees of deficiency of thrombopiesin and 
megakaryopiesin. Separation of the regulators was achieved by 
nethods including sodium tetrametaphosphate, zinc acetate, continu- 
ous flow electrophoresis and ammonium sulfate under certain condi- 
tions of concentration, temperature and pH. (supported by a grant 
from The John A. Hartford, Foundation, Inc.) 
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CHMICAL MODIFICATION OF THE PROPEPTIES OF CHLOROCRUORIN AND 
HMOCYANIN, Clyde Manwell.* Physiol. Dent., Univ. of 
Minois, Urbana. 

Studies by Riggs have shown that the heme-heme inter- 
ations and the Bohr effect of mammalian hemoglobins can be 
tediced or eliminated by -SH binding agents. The oxygen 
‘ilibrivm of chlorocruorin from tre nolychaeteSchizobranchia 
tas two linear phases in a log [y/(100 - y)] vs. log p plot, 
me of which has slone (n) of 1.00 (no interactions) and the 
other showing n = 2=5, depending on the pH. PCMB causes 
imediate metchlorocruorin formation, whereas N-ethylmaleimide 
tas no effect on the oxygen equilibrium. 6 M Urea inverts 
the pH relationship of the positive interaction phase, though 
taving no effect on the interactionless initial phase; in 
addition, vrea decreases markedly the Bohr effect of both 
thases, inverting the oxygen affinities and Bohr effect 
tamitudes of the two ohases. Sulfhydryl-blocking agents 
lave no effect on the interactions and the reverse Bohr effect 
of gastropod Fusitriton hemocyanin; instead, these phenomena 
feend on the presence of calcium ion, PCMB and urea elimi- 
tate the Bohr effect and oxygen-binding center interactions 
of dialyzed Octopus hemocyanin, though Octopus blood is less 
Nadily affected. Hence, configurational changes, rather 
tan any specific chemical group, are the explanation for 
sch intramolecular interactions. (NIH and NSF supvort) 
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DENATURATION OF HEMOGLOBIN H IN AGED ERYTHROCYTES: RELATION TO 
ENZYME AND GSH CHANGES. D. A. Rigas and R. D. Koler.” Div. 
of Exp. Med., Univ. of Oregon Medical School, Portland, Oregon. 
The in vivo rate of denaturation of hemoglobin H increases 
abruptly when the erythrocytes reach an age of about 45 days; 
this leads to their destruction (Rigas and Koler, Blood, in 
press). Accumulation of methemoglobin also begins in normal 
erythrocytes of this age (Waller et al. Klin. Wchnschr. 37, 
898, i959). Oxidation of hemoglobin H to methemoglodin great- 
ly accelerates its denaturation. Enzymes which prevent in vi- 
vo accumulation of methemoglobin, such as glucose-6-P dehydro- 
genase, TPNH- and DPNH-dependent methemoglobin reductases, 
catalase, and the GSH stability were investigated in 2 patients 
with hemoglobin H. Assays were performed on unfractionated 
erythrocytes and following fractionation according to age by 
ultracentrifugation. The results show that hemoglobin H ery- 
throcytes are not deficient in these enzymes. With the excep- 
tion of catalase, their enzyme content decreases as they age. 
In contrast to normals, their GSH content also decreases as 
they age but retains its stability. It is concluded that de- 
naturation of hemoglobin H in aged cells is not due to a 
deficiency in these enzymes but to its high susceptibility to 
oxidation. A low 'evel of such enzymes and GSH no longer suf- 
ficient to prevent oxidation and precipitation of hemoglobin 
H is apparently reached at a cell age of about 45 days. 
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SPECTHOPHOTOMETRIC CHARACTERIZATION OF MODIFIED FORMS OF 
NORMAL HUMAN ACIDIC METHEMOGLOBIN. B.F.Cameron* and P, 
G e, Univ. of Penn., Philadelphia, Pa. 

‘actors influencing the spectrum of acidic MetHb have become 
important because a group of abnormal hemoglobins, classed as 
Hb M, show systematic abnormalities in this form. During a 
study of Hb M, minor but distinct changes were sometimes ob- 
served in the spectrum of normal acidic MetHb. Investigation 
has shown that these changes, a relative increase in 0.D. at 
540 and 570 m, can be produced deliberately, as by dialysis 
against distilled water, exposure to pH<6.0, or adsorption on 
CM-cellulose. Since a common feature might be conformational 
changes, the effect of 4M urea was examined in 0.1M PO, buffer 
pH 6.0, at 25°C. After 4 hrs. the visible spectrum showed a 
change as noted above; within 12-18 hrs. there was only a sin- 
gle peak at 535 m and a shoulder at 630 m. At this time the 
spectra of the reduced compound and its CO-derivative were 
qualitatively normal. Although care mst clearly be exercised 
in interpreting the spectrum of an acidic MetHb, it is never- 
theless significant that these changes do not resemble those 
which characterize the several types of Hb M now known. This 
modification of the normal MetHb structure may involve inter- 
action of a different group with the Fe in the sixth coordina- 
tion position; spectral characteristics suggest a nitrogenous 
base. (Supported by USPHS Research Fellowship HF-11,508; and 
USPHS Research Grant RGA3187). 


Biochemistry 


THE PARTIAL STRUCTURE OF THE ALPHA-CHAIN OF HUMAN HEMO- 
GLOBIN. Wm, Konigsberg* and R, J, Hill.* 

In a recent ¢ cation (J, Biol. Chem,, in press), we 
reported the order of attachment of the tryptic peptides in 
the alpha-chain of human hemoglobin, In subsequent studies 
we have been able to account for all of the amino acid 
residues in the alpha-chain after digestion with chymotrypsin 
and pepsin, By using carboxypeptidese, Edman degradation 
and redigestion of isolated peptides with pepsin and papain, 
we haye obtained additional sequence date, The alpha-chain 
(2 gm.) was digested separately with chymotrypsin and pepsin, 
The digests were first fractionated by C.C.D, in the nol, 
ethanol, HCl system (J, Biol, Chem., 2 PC 21, 1960). Cuts 
were taken and chromatographed on a x 0.9 cm, column of 
Dowex 1-X2 using an N-ethylmorpholine-acetate gradient of de- 
creasing pH and increasing ionic strength, The purity of 
peptides obtained in this way were tested by paper electro- 
phoresis at pH 5.6 and 7,9. Those peptides which were eluted 
as mixtures were rechromatographed on 20 x 0,9 cm, colums of 
Dowex 50-X2 using a pyridine-acetate gradient of increasing 
PH and ionic strength, In this wey we obtained all of the 
chymotryptic and peptic peptides necessary to formulate a 
partial structure of the alpha-chain that includes all of the 
data in a unique fashion, 
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AN OXYGEN-COMBINING HEME-PROTEIN IN PLASMA. Jonathan B. 
Wittenberg. Albert Einstein College of Medicine, New York 61, 
N.Y. 

A heme-protein has been found in the blood plasma of 
teleostean and holostean fishes in concentrations up to 
1075 Molar, sufficient to color the blood yellow. It is 
shown spectrophotometrically to exhibit the reactions typify- 
ing hemoglobin. The ferrous protein exists in deoxygenated 
(maxima 426, 528, 557 mu), oxygenated (maxima 413, 543, 578, 
620) and carbon monoxide (maxima 420, 537, 567, 611) forms. 
In contrast to fish erythrocyte hemoglobin the plasma protein 
is very rapidly oxidized to the ferric form (maxima 408, 535, 
574, 630) by oxygen. The ferric form reacts with cyanide. 
The prosthetic group is protoheme (reduced alkaline pyridine 
hemochromogen). The absorption spectra of the plasma heme- 
protein differ markedly from mammalian or fish hemoglobin. 
The reduced form exhibits a two-banded spectrum in the visible, 
and in addition the Soret maximum is 10 mu toward shorter 
wavelengths than in hemoglobin. The reduced oxygenated and 
carbon monoxide forms exhibit three-banded spectra in the 
visible. The ferric form lacks the conspicuous broad band 
at 502 m exhibited by hemoglobin. This new heme protein 
appears to serve a specialized function. 
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SOME PROPERTIES OF HEMOGLOBIN H. Reinhold Benesch, Helen M. 
Ranney* and Ruth E. Benesch. College of Physicians and 
Surgeons, Columbia University and Albert Einstein College of 
Medicine, New York. 

Hemoglobin H has been shown to contain only the 6 chains 
of normal hemoglobin, but no q@ chains (Jones, R. T., et al., 
J. Am. Chem. Soc., 81, 3161, 1959). It was found to differ 
from hemoglobin A in several important respects: 1. The oxy- 
gen affinity of hemoglobin H is approximately 10 times greater. 
2. It lacks oxygenation linked acid groups, since no Bohr 
Effect wes observed at physiological pH. 3. The number of re- 
active -SH groups, as determined with 3 different reagents 
(iodoacetamide, N-ethyl maleimide and p-mercuribenzoate at pH 
7), was found to be 2 per chain. This is in contrast to hemo- 
globin A, where the 6 chains contain 1 reactive and 1 unreac- 
tive -SH group. These findings suggest that some of the func- 
tions of normal adult human hemoglobin, such as the heme-heme 
interaction and the Bohr Effect as well as the masking of half 
of the -SH groups on the 6 chains, are fundamentally related 
to a@ 6B chain interactions. (Supported by grants from the 
National Science Foundation, the National Heart Institute 
(H-2733) and the National Institute of Arthritis and Metabolic 
Diseases (A-4502) U.S. Public Health Service and the Health 
Research Council of New York City (U-1039). 
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ANALYSIS OF PORPHYRIN IN HEMOSIDERIN BY MICROSPECTROPHOTOMETRY. 


C.L. Wells*, Department of Pathology, J.J. Wolken*, Biophysics 
search, and Ear Hospital, University of Pittsburgh, 
School of Medicine, Pittsburgh, Penna. 

A microspectrophotometer (Strother and Wolken, Science 130: 
1084, 1959) has been applied to the study of pigments in 
tissue cells. Prompted by the recent data suggesting that 
hemosiderin consists of more than aggregated ferritin mole- 
cules, we have performed "in situ" microspectrophotometric 
analyses of hemosiderin granules in fresh frozen tissue and 
in formalin fixed, lipid extracted, paraffin embedded tissue. 
Absorption curves with typical porphyrin peaks were demon- 
strated in both. This is in agreement with the work of 
Shoden and Sturgeon (Shoden and Sturgeon, Acta. Hematol. 23: 
376, 1960) who dissolved extracted hemosiderin in mercapto- 
acetic acid ani by spectrophotometric analysis demonstrated 
the presence of porphyrin. However, our spectra extend these 
studies to the identification of porphyrins in tissue cells. 
Our spectra will be presented and the uses of microspectro- 
— in pigment analysis of tissue cells will be 

scussed. 
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STUDIES ON THE MECHANISM OF CHROMATE RINDING TO HEMOGLOBIN gt 
A.J. Samuels} F.G. Ebaugh,Jr., and F, Watson,*Dartmouth Med. Se 
ical School, Hanover, N.H. lo 
Hemoglobin (Hb) binds Cr0)," 6-10 times faster than do the ff ays. 
non-heme proteins (human serum albumin, Creatine kinase, or gist 
globin of Hb) and  gqeny or amino acids, when measured by ned 
labelling with Cr51 at pH 7.0 and 25°C, The reaction is ty 
stopped by the addition of 10% trighloroacetic acid (TCA), do 
With a molar ratio of protein/Cr0), of 500-5000, the reaction J iiss 
follows pseudo-first order kinetics and an overall equilibri. | m1 
um constant of about 10% 1/m may be calculated. However slood 
the ratio Cr0},*/Hb is increased, possibly as many as 1 








ence 

moles of Cr0}, be bound per mole of Hb as obtains in mjor 
leather tanning. The importance of the heme group as com- oid 
pared to the quality or state of the protein moiety is indi. neck 
cated by experiments showing that Hb denatured by ethanol or mute 
TCA and resuspended at pH 7.0 binds Cr0), at about the same \yoph 
rate as native oxy-Hb. Met-Hb or met-hemalbumin binds 20 of iL, 1 
the added Cr0},= in 20 min., while oxy-Hb binds 50% and albu- ff iron 
min binds 5-8%. Cr*+* binds to all the above proteins equally § uid 
well (60% in 20 min.). These data suggest that the heme grow ff tym 
may participate in a rate limiting step, the reduction of ‘mph 
Cr0}," to Cr***, which normally occurs slowly, with the sub- trea 
sequent addition of the Cr*** to adjoining groups on the ‘ry 
protein. (Supported by NIH Grant No. A 2992) deere 
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The Site of the Cr0," - Hemoglobin Bond as Determined by TE | 
Starch Electrophoresis and Chromatography. F. G. Ebaugh Jr., valor 
A. J. Samels*, P. Dobrowolski*, and D. Heisterkamp™. iol 
Dartmouth Medical School, Hanover, N. H. A 
Starch electrophoresis of Cr51 - Hemoglobin ww > pst infer 
(Cr-Hb) with from 2x1073 to 1.3 M of Cr0,” or Cr per mole labe! 
of Hb (Barbital pH 8.6, T/2 0.05M) revealed the specific dine, 
activity of A3 Hb was 10 to 30 times that of A) and 3 to7 = 
times that of the applied Hb. The A, Hb increased from a inter 
normal value of 5 to 15% as the Cr/Hb was increased. Ninety syntt 
per cent of the applied Hb and 62% of the applied Cr5! were requi 
recovered from the starch. Cr0,° labelled Hb fractionated indic 
into alpha and beta chains (IRC 50 resin method of Wilson and to ti 
Smith) showed that the specific activity of the beta chains only 
was 30 times that of the alpha chains. During labelling of few | 


Hb with Cr0,", % of a mole of MetHb was formed for each mle count 
of Cr bound by Hb exposed to 3 to 6 moles of Cr per mole af 

Hb. No MetHb was formed with similar molar ratios of cr? ‘ 
The above data indicate that both CrO,” and Crf#f? labelling 


of Hb lower the isoelectric point of the Hb-Cr complex and pos 

A; Hb is formed in the higher Cr/Hb molar ratios, Crd,” has deter 

a greater affinity for the beta chain of Hb, and that union conee 

of Hb with Cr0,“ results in oxidation gf ;the Hb to MetHb plate 

possibly as the Cr0,” is reduced to Cr . (Supported by estin 

NIH grant A-2992). ayelc 
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PAPER CHROMATOGRAPHY OF HEMIN. L. D. Toalson* and Fred V. 

Lucas. Dept. of Pathology, Univ. of Missouri Medical School. IEUK 
Using ascending paper chromatography, a method has been de- = 

veloped for the separation of hemin, obtained from hemoglobin, 73 


into three fractions. In this procedure, washed red cells are 
hemolyzed in distilled water. Heme is then extracted from the 
liberated hemoglobin with cold acid-acetone (1.8% HCl). The 
acid-acetone extract of hemin is then applied directly to chro- 
matography paper. Chloroform is used as the solvent, Employ- 
ing this technic, three fractions of hemin have been isolated 
from normal human and dog hemoglobin. The absorption curve of 
each fraction has been determined by eluting the individual 
fractions of hemin with pyridine. In each case, the usual 
pyridine-hemochromogen absorption curve was obtained with peaks 
at 558 mu, 527 mu, and 412 mu. Dogs with normal hemoglobin and 
hematocrit levels were subjected to daily phlebotomy until the 
hematocrit was between 20-25%. As the hemoglobin and hemato- 
crit decreased, the relative concentration in the second and 
first fractions of hemin, isolated by paper chromatography, 
also decreased. When the dogs were allowed to regenerate until 
normal levels of hemoglobin and hematocrit were obtained, the 
concentration of hemin in fractions one and two gradually reo 
turned to original levels. A survey, using the paper chromatog- 
raphy method for isolating hemins, of patients with various 
types of anemia will also be discussed, (Supported by a grant 
from Leukemia Guild, ) 
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#) BLOOD—Leukocytes 


Physiology 


THYMUS IN LYMPHOCYTE PRODUCTION. J.C * and 
Bs Kelly. Donner Lab., Univ. of Calif., Berkeley. 
Long-Evans rats were thymectomized or sham-operated at 6 
ays of age. At 60 days the thoracic duct (T.D.) was can- 
plated in the neck and the hourly lymphocyte output deter- 
ined. In another series of rats the DNA specific activities 
of lymph nodes and spleen were determined 3 hr after injec- 
tin of P22. The T.D. lymphocyte output of the thymectomized 
winals was 26% of that found in the sham-operated controls. 
the lymph node weights of the thymectomized animals and the 
slood lymphocyte levels were reduced. No significant differ- 
ee was found in the DNA specific activities, indicating no 
mjor difference in lymphocytopoiesis in the remaining lym- 
poid tissues. Simultaneous cannulation of the T.D. in the 
mek and abdomen indicated that the thymus does not contri- 
ute significant numbers of lymphocytes directly to the T.D. 
mph. If, as the experiments of Gowans (J. Physiol. 146, 
4, 1959) suggest, large numbers of lymphocytes recirculate 
frm the blood and tissues to the T.D., then the T.D. output 
wuld be a reflection of the total body lymphocyte pool. The 
tlyms, as a major lymphocytopoietic organ may contribute 
lymphocytes to this pool either by direct entry into the blood 
¢ream or via lymphatics which do not empty into the T.D. 
fic removal would thus decrease the pool and indirectly 
decrease the T.D. output. 


Physiology 


MB DNA SYNTHESIS TIME OF THE MYELOCYTE IN THE DOG, Mary A. 
Yaloney*, Charlotte L. Weber*, and Harvey M. Patt. Div. of 
jiol, and Med. Res., Argonne Natl. Lab., Argonne, I11. 

A DNA synthesis time for the myelocyte of about 5 hours was 
inferred from our previous studies of the early time course of 
labeled mitoses after a single injection of tritiated thymi- 
tine, This has been examined in another way in recent experi- 
vents, Tritiated thymidine was infused intravenously at a 
constant rate for 6-12 hours; bone marrow was sampled at frequent 
intervals and autoradiographs prepared. In principle, the DNA 
smthetic period should correspond to the length of time 
teuired for the attainment of maximum labeling. This would be 
indicated by leveling of the curve relating grain concentration 
totime. Since, however, post synthetic and mitotic times are 
mly a matter of 2 1/2 hours, the degree of labeling after a 
fev hours of infusion will be influenced by the decreased grain 
cunts of the progeny of labeled cells. Another consideration 
is the possibility of nonuniform availability of the labeled 
precursor to the synthesizing cells. To circumvent these 
factors, analysis of the data has been based on labeled cells 
vhose relative position in respect to grain concentration is 
constant throughout the infusion period. It has been 
determined in this way in studies with 5 beagles that grain 
concentration increases linearly for 4-5 hours and then 
plateaus. This independent observation confirms the previous 
estimate of 5 hours for the DNA synthetic period in 
welocytes. (Sponsored by U. S. Atomic Energy Commission) 





Physiology 


IVKOCYTE RELEASE FROM PERFUSED ISOLATED FEMURS OF RATS. 
jurton §. Dornfest,# Joseph LoBue,# Albert S. Gordon and 
uastler.# New York University, N.Y.C. and Brookhaven 
. es Upton, N.Y. 

Perfusion of leukocyte-depleted blood through 
isolated femurs at a mean rate of .6 ml per hr, for periods 
to 6 hrs, resulted in the release of appx. 8 mill leuko- 
tytes per hr of which appx. 4.5 mill were neutrophilic 
fanulocytes and 3.5 mill were of the lymphocyte variety. 
flow rate varied considerably during each perfusion but the 
mnbers of cells released per ml perfused remained appx. 
tostant (except for sudden massive releases occurring late 
in some experiments). Perfusion of isolated femurs with 
tlood containing normal numbers of leukocytes resulted in 
trked inhibition in the release of these cells. To measure 
the increment of a comparatively small number of released 
lls over those initially present in the perfusate, tri- 
tiated thymidine prelabeled femurs were used. These find- 
ings suggest that the number of leukocytes released from the 
tone marrow is influenced by the flow rate and the numbers 
if circulating leukocytes. (B.S.D.-Fellow of the Leukemia 
heiety, Inc., A.S.G.-Supported by P.H.S. Grant H-3357. 

of this work was performed at Brookhaven Natl, Lab. 
Wer the auspices of the U.S.A.E.C.) 
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Physiology 


A NEW TECHNIQUE FOR SEPARATION OF HUMAN LEUKOCYTES: 
Parviz Lalezari*, Montefiore Hospital, New York. 
Hexadimethrine Bromide (Polybrene), polymer of a quaternary 
ammonium compound was found to cause clumping of human eryth- 
rocytes and platelets without any apparent effect on leuko- 
cytes. This polymer was used to sediment erythrocytes and 
platelets to obtain a highly purified leukocyte suspension: 15 
ml blood were collected in siliconized test tubes containing 
0.15 ml 10% di-Na-EDTA. Three tenths ml of 1% Polybrene were 
added to the blood. Following mixing, 1.5 ml isotonic saline 
containing 0.03 ml Polybrene were added. The blood was then 
transferred to another silicorized 125x15 mm test tube and 
first allowed to stand vertically for 20 minutes at room tem- 
perature and then centrifuged at 300 rpm for 10 minutes, The 
supernatant contained a white count about )/5 that of the or- 
iginal sample and a constant value of 1000 to 1500 rbc/cu mm. 
Thus the red cell contamination in normal donors was about 12 
to 20% The recovery was about 50%. A less purified leuko- 
cyte suspension could be rapidly prepared by addition of 0.1 
ml Polybrene to 5 ml blood in siliconized 100x12 mm test tubes 
and centrifuged at 500 rpm for 5 minutes. The prepared leuko- 
cytes were viable, as indicated by their mobility, phagocyto- 
sis and staining characteristics by supravital techniques, 
The agglutinating agent had no effect on oxygen consumption of 
leukemic cells as measured in a Warburg apparatus. 


Biochemistry 


ADHESIVE PROPERTIES OF HUMAN LEUKOCYTES ON A GLASS BEAD 
COLUMN. James E. Garvin* Northwestern Univ.Med.School, 
Chicago, e 

Normal human polymorphonuclear (PMN) leukocytes have 
been shown to adhere to a siliconized glass wool column, 
while the lymphocytes pass through in good yield (Proc. Soc. 
Exp. Biol. & Med.» 102, 333,(1959). This effect has been 
studied further on a siliconized glass bead column. Heparin 
is the only anticoagulant so far studied which permits this 
partial separation. If citrate, oxalate, ethylenediamine 
tetraacetic acid (EDTA) or Dowex-Al resin are used to prevent 
coagulation, the PMN pass through the column. Adhesiveness 
of the PMN is largely restored by adding back calcium and 
magnesium ions. The adhesiveness of the PMN is erature 
dependent being largely lost below 20°C and above 40°C. 
Cyanide and dinitrophenol are without effect_on the adhesive~ 
ness of the PMN on these columns but ) x 1079M iodoacetamide 
completely blocks it. The role of the blood platelets is 
not fully understood, but they too are adherent to these 
columns, and are rendered non-adhesive only by EDTA and 
iodoacetamide. The insensitivity to cyanide and the sensitiv- 
ity to iodoacetamide suggest a relationship to the mchanism 
of phagocytosis. (Supported by grants from the U.S.P.H. and 
the Edris Fund.) 


Biochemistry 


EFFECT OF MYELOTOXIC DRUGS UPON INCORPORATION OF 1? THYMIDINE 
AND URIDINE BY BONE MARROW CELLS, IN VITRO. 
* * and e* Marquette 


Pisciotta, 
Univ. School of Med., Milwaukee Co. Hospital, Milwaukee, Wis. 
The basic mechanisms which underlie agranulocytosis or 
aplastic anemia due to drugs are not know. Also, what is 
needed, is an in yitro method to predict potentially myelo- 
toxic properties in drugs before they are used therapeut 
In this study, human bone marrow was incubated for 4 hours 
in vitro, in 80% Hanks - 20% plasma, with each of several 
drugs tested and either H? thymidine or uridine, Control pre- 
parations omitted drugs or used non-myelotoxic substances. 
Radioautographs were made by the stripping film technic and 
the percentage of labelled marrow cells was estimated. 
Chlorpromazine inhibited uptake of H? thymidine into gramulo- 
cytes of normals but had no effect on thymidine influx into 
normoblasts. This is of interest because chlorpromazine is 
associated with agranulocytosis. On the other hand, chlar- 
amphenicol and methyl-ethyl-phenyl—hydantoin, which may 
produce aplastic anemia, inhibited the uptake of H uridine 
by all marrow cells. Thus agranulocytosis and aplastic 
anemia may differ from the standpoints of possible defects 
in DNA, RNA and in protein synthesis by various marrow 
cells. 





Pathology 


THE EFFECTS OF LITTER SIZE AND HORMONES ON THE CELLULAR 
RELATIONSHIPS OF THE MARROW OF SUCKLING RATS. Charles 
Harris,M.D. and W.T.Burke*, Fels Research Inst., Temple 
Univ. Schl. of Med., Phila., Pa. 

Between the ages of 7 and 28 days lymphocyte-like cells 
in the bone marrow of baby rats normally undergo numeri- 
cal fluctuation from 10% in rats 7 days of age to 45% in 
rats 14 days of age and back to 10% in rats 28 days of 
age. Simultaneously normoblasts undergo reciprocal 
changes. Between 14 and 28 days intergrades between nu- 
cleated red cells and lymphocyte-like cells are seen in 
marrow smears; a significantly higher negative correlation 
exists between these two cell types than exists between 
lymphocyte-like cells and granulocytes; no correlation 
exists between the percent of granulocytes and normo- 
blasts. Rats from small litters reflect these changes 
earlier than do rats from large litters. A non-caloric 
factor in mother's milk more abundant to rats in small 
litters might stimulate these changes. Large doses of 
cortisone given to rats 7 days of age delay the antici- 
pated changes of marrow cell population for 1 week. The 
administration of estrogen, testosterone, ACTH or somato- 
tropin to rats 7 days of age has no effect on the sub- 
sequent myelogram at 14 days. 





Pathology 


A HYPOTHESIS OF LYMPHO- AND MYELOPOIESIS BASED ON OBSER- 
VATIONS OF LIVING HUMAN CELLS. Robert Schrek. Tumor Re- 
search Lab., Veterans Administration Hosp., Hines, I11l. 

Cells from human blood and lymph nodes were studied by the 
slide-chamber method and time-lapse cinemicrography. Suspen- 
sions from non-leukemic lymph nodes contained peculiar, large, 
round cells surrounded by elongated, waving flagella-like 
structures. After 1 day incubation many lymphocytes adhered 
to these cells. Intermediate cells suggested that the flag- 
ellated cells give rise to lymphoblasts and lymphocytes. 
Similar flagellated cells were seen in the blood of a patient 
with acute lymphocytic leukemia. In patients with acute 
granulocytic leukemia, many blood cells were round, non-motile 
blasts with small or large nucleoli. In some patients with 
acute granulocytic leukemia, a few motile blood cells tended 
to flatten themselves on the glass. The cytoplasm was slight- 
ly granular, the nuclei were usually small and irregular in 
shape. The cells were considered to be reticular cells and 
resembled but could be differentiated from monocytes. One 
patient had blood cells with cytoplasm suggesting reticular 
cells but with nuclei suggesting blasts. This finding sug- 
gested that reticular cells give rise to myeloblasts. The 
reticular and flagellated cells were distinct morphologically. 


Pathology 


CENTRIFUGAL SUBFRACTIONATION OF THE BONE MARROW. 
Sadek Hilal*, Donn G. Mosser*, and M. K. Loken*. 
University of Minnesota Hospitals, Minneapolis, 
Minnesota. 

In an attempt to determine which cell type or 
types are responsible for the protection against 
total body radiation injury, we have developed a 
technique for fractionation of the bone marrow 
cells according to their specific gravity. The 
lighter fraction contained a much larger concentra- 
tion of the more immature forms. The heavier 
fractions contained less of the immature forms. 


Special centrifuge tubes have been designed for 
this operation. The specific gravity, surface 
tension and the viscosity of the density gradient 
medium were carefully controlled. The solutions 
used are completely physiological and can be safely 
autoclaved. A drop of only 10% of the number of 
the viable cells was observed during the whole 
procedure. (Supported by a grant from the American 
Cancer AT ay 
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Pathology 


STUDIES ON A TRANSPLANTABLE LYMPHOSARCOMA IN MICE, Prabhakap 
M, Chaphekar,* Charlotte Schmidt* and Alvar A, Werder, 

of Med, Micro,, University of Kansas School of Medicine, 
Kansas City, Kansas, 

Medium (yeastolate & medium A) in which Hela cells had 
zyrown for 3 days, when inoculated into 4 week old CFWw mice, 
resulted in the development of a lymphoma which involved the 
thymus and spleen, The tumor appeared 117 days after the 
inoculation of the medium, The tumor has been transplanted 
serially fifteen times, The histology of the tumor has re. 
mained unchanged but the latent period has been shortened to 
2-5 weeks, The tumor can be transferred with cellular sys. 
pensions from liver, kidney, gonads and lymoh nodes (as well 
as the local tumor) from tumor bearing animals, 

Gross and microscopic pathology of the tumor has been 
studied in detail, The tumor shows a uniform appearance of 
lymphoblastic cells, These cells infiltrate the abdominal 
wall, retroperitoneal tissues, lymph nodes, liver, spleen, 
kidney, zonads, pancreas and occasionally other organs, The 
bone marrow is infiltrated in the later stages of the disease 
and leukemic cells appear in the blood stream only terminally, 
The disease is uniformly fatal for CFW mice, 

The tumor is transplantable to DBA/1 but not to Balb/c or 
C57B1/6 strains of mice, 
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Physiology 


PLASMA PROTEIN CHANGES IN DOGS FOLLOWING A TRANSFUS- 
ION OR HEMORRHAGE, S. Deavers,* E. L. Smith, and R. A. 
Huggins. Baylor Medical College, Houston, Texas. 

Two groups of morphine-pentobarbitalized dogs were used for the 
experiments. In the first aan | control determinations were made of 
plasma volume, measured by |!31 tagged albumin and total proteins by 
the falling drop method, Five different protein fractions, albumin, &, 

Xp, and vy globulins were determined from the electrophoretic 
pattern of the plasma. After these determinations the animals were 
overtransfused with an average of 87 cc/kg of whole blood and the 
above measurements were repeated, As a result of the transfusion 20 
cc/kg of plasma escaped from the circulation. Included in the plasma 
loss there was 0.53 g/kg of protein. Each of the fractions contributedto 
the total protein loss however a significant portion (80%) of it was 
albumin, The second group of animals was slowly bled to a mean arterial 
pressure of 35 mm Hg after the control determinations had been made, 
When the dogs started to take the blood back the tube leading to the 
reservoir was clamped and another series of determinations was made, 
Following hemorrhage quantitative changes in plasma proteins were 
inconsistant. 





Physiology 


TRANSFERRINS OF AMPHIBIA AND REPTILIA. Herbert C. Dessauer, 
Wade Fox" and Quentin L. Hartwig", La, State Univ. Sch. of 
Med., New Orleans, La. 

Plasma proteins of 135 species and subspecies were frac- 
tionated by starch-gel electrophoresis, and fractions binding 
iron-59 were identified by autoradiography. A remarkable 
spread in migration rates of transferrins (Tr) exists. Certain 
Tr of turtles migrated at the rate of ¥-globulin of man; Tr of 
some snakes approximated the migration rate of human plasma 
albumin. Binding of iron-59 was greatest in plasma of lizards, 
snakes and crocodiles, least in hylid and ranid frogs and in- 
termediate in salamanders, toads and turtles. Two Tr were fre- 
quently and three infrequently present in plasma of a single 
individual. Extensive intraspecific variation was observed in 
Tr of many species, notably among snakes. For example, 9 Tr 
distributed in 17 patterns were found in 28 specimens of the 
racer, Coluber constrictor. Part of this variation correlated 
with area of capture: plasma of racers from La., Miss. and 
Ark. contained a specific Tr not found in plasma of racers 
from Calif. or Ind. Considerable heterogeneity, however, 5 
also present in animals captured in a restricted area; in 7 
racers, from northern Indiana, 5 transferrins were distril 
in 5 patterns. (Supported by a grant from N. S. F.) 

















con 
tic 
ty | 
of ¢ 




















a 


had 

mice, 
ed the 
the 

anted 
S Tee 
ned to 


S wel] 
ce of 
inal 
een, 


disease 
minally, 


b/c or 


ysiology 
ISFUS- 


2 of 
ins by 


in, &, 





Physiology 
{8 PROTEIN COMPOSITION OF SARCOPLASM OBTAINED BY ULTRACEN- 
MIFUGATION. William R. Amberson and Adelia C. Bauer. * 

yerine Biological Laboratory, Woods Hole, Mass. 

When whole rabbit muscles or parts thereof are centrifuged 
st 40,000 rpm a fluid of low viscosity is slowly expressed. 
itter 20 hours its volume may reach 40% of the original 
mecie volume. Successive fractions of this "centrifuge 
juice” have been subjected to electrophoretic analysis. First 
fractions show evidence of the presence of plasma proteins 
jerived from interstitial fluid, with plasma albumin forming 
afast component, followed by lower elevations in register 
yith the globulins of serum simultaneously analyzed. A large 
component of low mobility, forming 75 to 90% of total protein 
in first fractions, occupies a position characteristic for the 
nyogens (enzymes). The patterns of later fractions show 
diminishing amounts of plasma proteins until, after 15 hours, 
mly traces remain. In terminal fractions the slow component 
forms almost all of the patterns. We believe that such juice 
mst closely approximate sarcoplasm, in respect to protein 
content. No fibrous proteins are present, but amino-acids 
can be detected. Protein concentrations in terminal frac- 
tions of centrifuge juice obtained from white muscle are high 


(4 to 10%), from red muscle considerably lower (2 to 3%), 
soi from cardiac muscle still less (0.5 to 1.5%). (Supported 
ty USPHS grant A-2492.) 

Biochemistry 


BINDING OF IONIC AND CHELATED RARE EARTHS WITH SERUM PROTEINS 
AND NUCLEIC ACIDS. M. Roque,* B. Rosoff,* H. Hart* and G. 
Villiamse* Montefiore Hospital, New York. 

It is known that certain rare earths combine with nucleic 
acids and proteins. Studies of the binding of ionic and chel- 
ated yttrium to serum proteins have been previously reported 
ly this groupe In attempts to selectively localize radioiso- 
topes in tumor, equilibrium dialysis studies of the combina- 
tion of Sc46 and ¥91 with RNA and DNA were performed, The 
interaction of ionic and chelated scandium with serum and 
wrun proteins was also investigated. Se/S¢lz shows signifi- 
cant binding with human protein fractions. At a scandium con- 
centration of 6 x 10-5 M, about 0.4 moles Sc are bound per 
wle of alphaglobulin. In ultrafiltration studies, the behav- 
for of chelated Sc with human serum depended upon the stabil- 
ity constant of the scandium chelate. The filterability of 
Se-EDTA (log K, 23) is 100% while that of the weak chelate 
SteNTA is only 2% However, albumin and gammaglobulin cannot 
compete successfully for scandium because none of the Sc chel- 
ttes tested, except Sc-EDDHA (ethylenediamine di (O-hydroxy- 
phenyl) acetate) resulted in measurable scandium-protein bind- 
ing, Experimental evidence suggests the possible presence of 
SeeEDDHA=albumin complexes. (Supported by a grant from the U. 
8, Atomic Energy Commission. ) 


Biochemistry 


SUBFRACTIONATION OF LOW-DENSITY LIPOPROTEINS BY 
AMYLOPECTIN SULFATE, Peter Bernfeld and Thomas F, 
Kelley, * Bio-Research Institute, Cambridge 41, Mass, 

Low-denzity lipoproteins from pooled human serum have 
been purified by a four-step procedure involving ultracentri- 
fugal flotation and precipitation by polyanions, The method 
consisted in 1) bulk precipitation of B-lipoprotein by sulfated 
tice starch; 2) fractional ultracentrifugal flotation in a densi- 
ly gradient system, leading to six fractions; 3) refractionation 
of each of the two main lipoprotein layers obtained at densi- 
ties of 1.020 and 1.032 by fractional precipitation with in- 
‘teasing concentrations of corn amylopectin sulfate, result- 
ing in six to ten subfractions; and 4) further ultracentrifugal 
purification of each subfraction, All subfractions were ana- 
lyzed for total and esterified cholesterol, phospholipid, total 
fatty acids, and for the chemical nature of their fatty acids, 
Using gas chromatography. Amylopectin sulfate has thus been 
found capable of subfractionating low-density lipoproteins 
Whose hydrated densities lie within narrow limits, to yield 
fractions of different lipid compositions and of varying af- 
finities for macromolecular polyanions,. 
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Pathology 
SERUM ELECTROPHORETIC PATTERNS AND COMPLEMENT LiviLs IN TUMOR~- 
BEARING RATS. He E. Weimer, Kathleen Smith and David 
Baxter’+, Department 0: ectious Diseases, University of 
California Medical Center, Los Angeles. 

The systemic effects of tumor growth as reflected by con- 
centration changes in the electrophoretic components and in 
complement activity of serum have been studied in adult, male 
Sprague-Dawley rats. Groups of rats were sacrificed 3, 6, 10, 
14, 20 and 22 days following inoculation with the Walker 256 
carcinosarcoma. Two normal control groups were bled at O and 
22 days, respectively. The earliest significant change was a 
transient increase in the-globulin fraction of the T-3 group. 
Albumin and 0G- globulin levels were significantly decreased 
6 and 10 days following tumor implantation, respectively. A 
prenortal rise was observed in the albumin fraction and the 
final concentration was in the normal range. In a second 
experiment with a similar protocol, hemolytic complement 
activity was determined. Complement levels were unaffected by 
the growth of the tumor until the terminal stages when a 
significant premortal rise occurred. The results sugjest t!at 
in the terminal stages of cancer, there is a release of 
materials from the tissues which includes (1) protein with the 
electrophoretic mobility of serum albumin (2) substances with 
complement activity. 


Immunology 


CHANGES IN PLASMA PROTEIN COMPONENTS DURING BACTERIAL INFECT- 
IONS IN MICE. Curtis A. Williams, Jr. and Courtney T. Wemyss, 
Jr.*, Rockefeller Institute, New York and Hofstra College, 
Hempstead, N.Y. 

Plasma samples from mice infected with Mycobacterium tuber- 
culosis and Staphylococcus aureus have been investigated by 
immunoelectrophoresis. Total ¥-globulin levels are usually 
depressed markedly in acute tuberculosis for two weeks but re- 
turn to normal levels or above at three weeks following chai- 
lenge. This effect was not observed in staphylococcal infect- 
ions. Complement is degraded in both diseases. It was nec- 
essary to employ plasma rather than serum for these studies 
because mouse C'3 appears to be degraded upon clotting of the 
blood. A third and extremely variable protein appears in the 
&2 region of the pattern in both diseases. It is frequently 
visible in Staphylococcus-infected mice the day following i.v. 
infection. At unpredictable times during the course of the in- 
fection, however, it may be undetectable by the immmoelectro- 
phoretic technique. A low-mobility y-globulin also reaches 
detectable levels in infected mice. Neither this component nor 
the @.-globulin are found with any such regularity in control 
non-infected mice or in plasma samples of the infected animals 
prior to their challenge. These findings are discussed in re- 
lation to plasma components known to be affected in disease. 
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Physiology 


PLASMA ALBUMIN LEVELS IN THE CCL4 POISONED RAT. 
Saul B. Gilson*. Research Laboratory, Jewish 
Memorial Hospital, New York City. 

Rats receiving CCL4 through stomach tube died 
within 24 hours with grossly yellowed livers.Within 
5 to 8 hours of poisoning, plasma albumin concentra- 
tion, determined electrophoretically, showed a 25% 
decline from the normal. By the 17th hour after 
intoxication, albumin concentration had dropped to 
about 20% of the normal. Another group of rats had 
their intestines removed from the rectum to the 
pylorus. The pylorus was ligated and CCL4 introduced 
into the stomach by stomach tube. Such enterectom- 
ized rats demonstrated a significantly smaller 
decline in plasma albumin than did the unopereted 
poisoned animals. Rat albumin was tagged with y131 
and injected into the heart before enterectomy. At 
autopsy, 15 hours later, demonstrable radioactivity 
was essentially confined to the contents of the 
ligated stomach. The data so far would appear to 
indicate that the decline in plasma albumin in the 
preparations is, to a large degree, due to loss of 
albumin into both the gastric and intestinal lumen. 
(Supported by the Jacob Wallerstein Fund.) 





Physiology 
E.B. 


THE TOTAL ALBUMIN IN HUMAN LYMPH AND TISSUE FLUIDS. 
Reeve, H. Bailey"and Y. Takeda’. Dept. of Med., U. Colorado, 
Denver and Ohio Oil Research Center, Littleton, Colo. 

When I131_albumin is injected intravenously in man, that 
not metabolized is distributed almost entirely between the 
plasma and the lymph and tissue fluid (interstitial) albumin, 
while the radioactivity of that metabolized is rapidly ex- 


creted. The radioactivity of the interstitial albumin at any 
time can then be closely estimated from the difference between 
the total radioactivity in the body and that in the plasma at 
that time. Attempts have been made in the past to calculate 
the total quantity of interstitial albumin from the inter- 
stitial albumin radioactivity, but these have either been 
based on models without mathematical foundation, or on over- 
simplified mathematical models. We have now developed the 
mathematics of a model which pictures the albumin as moving 
in discrete streams through the tissue fluids and lymph. This 
has allowed estimates of the total quantity of interstitial 
albumin in healthy men, and has given a number of predictions 
of albumin flow and distribution through the interstitial 
fluids. Some of the predictions fit in with current know- 
ledge, others suggest further experiment. 
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Frank W. Putnam, 
Univ. of Fla. 


SITE OF CLEAVAGE OF y-GLOBULINS BY PAPAIN. 
Lydia T. Lynn*, and Caroline W. Easley*. 
College of Med., Gainesville, Fla. 

Papain rapidly cleaves normal and pathological human Y- 
globulins into several chromatographically and electropho- 
retically separable 3.5 S fragments (Hsiao and Putnam, J. Biol. 
Chem. 236 (1961)). Ficin, chymopapain, and bromelain act like 
papain. Trypsin and pepsin in 0.001 M cysteine also form 3.5 
S fragments, but many other proteases and peptidases do not. 
The Y-globulins of various species are also cleaved by papain 
but at different rates. The optimum pH for papain cleavage of 
rabbit Y-globulin measured by ultracentrifugation after 15 
minutes incubation and CMB inhibition is 5.0 to 6.5, ieee, 
significantly below the pH used by others in the isolation of 
immunologically active fragments formed on 16 hours incuba- 
tion. On cleavage of normal human y-globulin, papain and 
ficin liberated a threonine N-terminal group which was later 
replaced by leucine. Papain liberated leucine as the pre- 
dominant new end group in two macroglobulins and in a myeloma 
globulin, but valine in another myeloma globulin. N-terminal 
leucine (and isoleucine) were present in a papain digest of 
rabbit Y-globulin. It appears that the site of proteolytic 
cleavage of Y-globulins by papain is rather specific and con- 
tains a branched chain amino acid as the amino group donor of 
the peptide bond involved. 


Biochemistry 


DISSOCIATION OF MACROGLOBULIN; EVALUATION OF PLASMAPHERESIS 
AND PENCILLAMINE THERAPY. Morton D. Prager*, Joseph M. Hill*, 
Ellen Loeb*, Margaret Goerner*, and Ina Claire Atkins*. 
Wadley Research Inst. and Blood Bank, Dallas, Texas. 

Patient FT with Waldenstrom Macroglobulinemia was treated 
by plasmapheresis and with penicillamine (3,3-dimethylcys- 
teine). A cryogelglobulin initially present disappeared; 
relative serum viscosity decreased to 2.5 from 34 (minimum 
value, as determination was performed on frozen-thawed serum). 
Both the gel and its supernatant were rich in macroglobulin. 
Although the cryogelglobulin yielded readily to therapy, the 
macroglobulin level, originally 39%, never dropped below 20%. 
Macroglobulin purified by chromatography on DEAE-cellulose 
(eluted at pH 6, 0.015M glycine, 0.30M PO),) contained 19S, 
26S, and 35S components in the ratio 10:3:1. With 0.25M 
penicillamine at 4° there is an initial rapid dissociation 
of macroglobulin to 7S followed by reaction with progressively 
decreasing first order rate constant. At 37° a 3.5S com- 
ponent is observed in the first 3 hours; only after prolonged 
incubation is more than a trace of this material noted at 
4°, Although not observed at 4°, boundary spreading at 37° 
suggests that molecules between 19S and 7S are formed. 
(Supported by N.I.H. grant). 
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EVIDENCE FOR MULTIPLE CERULOPLASMIN COMPONENTS I HUMAN 
George M. Martin™, Robert McAlister™ and Earl P. Benditt,, 
Department of Pathology, University of Washington School of 
Medicine, Seattle, Washington. 

Sera from 43 pregnant women, 5 normal adults and 17 
patients were studied by means of vertical starch gel electn. 
phoresis. Half of each block was stained with amido black uf 
and half with p-phenylenediamine-2HC1, Three bands of colony 
p-phenylenediamine oxidation products regularly appeared in 4, 
sera of pregnent women. The principal component, a fast lp 
2 globulin, was found in all other sera, including sera fro} 
patients with Wilson's disease. Principal components having 
unusual mobilities appeared in 2 sera: a slightly slower mo. 
ing band (from a female with the muco-cutaneous syndrome) aj 
a slightly faster moving band (from a normal pregnant womag), 
The second band, associated with the transferrins, was also 
seen in the sera of a normal female and of 2 patients with 
carcinoma, one of whom had received estrogens. The third ay 
least evident band appeared just in front of the origin. Ik 
has been observed in all sera for which it was examined (3 
normal and 21 pregnant subjects). 

(Supported in part by grants in aid from U.S.P.H.S. (H-3174) 
and the Initiative 171 Fund of the State of Washington.) 


Immunology, 


DEMONSTRATION OF AN ANTI-BACTERIAL SERUM PROTEIN CONSTITUENT 
OF ALPHA-2:BETA MOBILITY BY A NEW TECHNIC OF PROTEIN ELECTRO 
PHORESIS IN AGAR GEL IMPREGNATED WITH BACTERIA. Elliott F, 
Osserman and Peter F. Kohler*. Dept. of Med., Columbia Univ, 
Coll. of Phys. & Surgs. and Francis Delafield Hosp., New York, 

It has been demonstrated that a variety of bacteria can bh 
grown on 1% agar containing veronal buffer, pH 8.6, p» = 0.08, 
with or without the addition of nutrient supplements, and thi 
electrophoresis of whole serum or serum protein fractions ca 
be concomitantly carried out in this bacterial-impregnated 
medium. In theory, electrophoresis accomplishes a separatin 
of serum constituents which enhance bacterial growth from tite 
which exert an inhibitory action. This new technic has made 
possible the detection of specific zones of bacterial inhibi 
tion and the delineation of the electrophoretic mobility of 
these zones. Employing B. subtilis, Diptheroid, Staph. albus 
and aureus, maximal inhibition is observed in the alpha-2sbet 
globulin region of both normal and pathological sera, includim 
agammaglobulinemic serum, and in Cohn Fractions I and IV,7. 
The a anti-bacterial activity was diminished by heating 
(56°C./30 min.) but was unaffected by zymosan absorption 
(RP serum), dialysis vs. saline, and prolonged storage at -I0 
The identity of the active serum component(s) is not, as yet, 
established. (USPHS Grant CY-2332). 





Immunology 


PURIFICATION OF BOVINE TRANSFERRINS BY RIVANOL FRACTIONATION. 
Becca Patras* and W. H. Stone. Genetics Dept., Univ. of Wis, 
Madison, Wis. 

A 0.4% solution of rivanol (2-ethoxy 6,9-diaminoacridine 
lactate) was used to fractionate bovine serum. The additia 
of 3 volumes rivanol to one volume serum precipitated all th 
albumin and a large percentage of the 4-globulins. The 
supernatant contained practically all the y-globulins ani 
transferrins. The fractionation was monitored by means of 
paper and starch gel electrophoresis. After removal of 
rivanol from the supernatant with Norite, y-globulin was 
precipitated with 50% saturated ammonium sulfate or 25h 
ethanol. This resulted in a supernatant that had transferril 
as the majc> component. In bovine serum, transferrins occ 
as a pvoup of four proteins whose electrophoretic mobility is 
genetically controlled. Many distinct serum types (pheno- 
typer) are detectable in the sera from individual cows. 
Rivauol fractionation of the serum from each of 3 cows, 
phenotypically different with respect to transferrin type, 
yielded solutions of transferrins with the same pattern ani 
mobilities as the untreated serum. Thus, rivanol fractions 
tion is a useful method of preparing purified cattle trans- 









ferrins without changing the phenotype detectably. (Supportél 
in part by Grant No. E-3204 fran N.I.H., P.H.S.) 
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Physiology 


ygtHOD FOR SIMULTANEOUS QUANTITATIVE ESTIMATION OF INTRACRAN- 
IL CONTENTS: EFFECT OF HYPOTHERMIA, HYPERTONIC UREA. Hubert 
|, Rosomoff, Laboratory of Experimental Surgery (Neurological ) 
tniversity of Pittsburgh, School of Medicine, and the Veterans 
ministration Hospital, Pittsburgh, Pennsylvania, 

A method has been developed for the simultaneous determina- 
tion of intracranial blood volume, cerebrospinal fluid volume, 
ain water, and brain solids, The data show that the intra- 
granial contents of the anesthetized dog are distributed among 
tlood, 2.26 percent; cerebrospinal fluid, 8.92 percent; brain 
wter, 64.58 percent; brain solids, 24.25 percent. Therefore, 
%.75 percent of the intracranial contents are fluid; the 
rmaining 24.25 percent are solid substances, During hypo- 
thermia of 25° C., the intracranial contents are distributed 
mong: blood, 2,05 percent; cerebrospinal fluid, 13.60 per- 
sent; brain water, 58.92 percent; brain solids, 25.44 percent, 
iter hypertonic urea, the intracranial contents are distribu- 
ted among: blood, 4.97 percent; cerebrospinal fluid, 11.82 
percent; brain water, 58.00 percent; brain solids, 25.21 per-=- 
cnt, In either instance, water was shifted among the intra- 
cranial compartments; but, no net loss of total fluid 
resulted. 

(Supported by Research Grant B=-2469 from the National Insti- 
tute of Neurological Diseases and Blindness, Public Health 
Jervice, Bethesda, Maryland) 


Physiology 
VALIDITY OF USING IODOANTIPYRINE FOR MEASURING BODY WATER 
Jay M. Sullivan* and John C, Rose. Georgetown University 
Schools of Medicine and Dentistry, Washington, D. C. 

After intraperitoneal injection of radioiodinated 4- 
iodoantipyrine (IAP) in rats, samples of brain, muscle and 
plasma were counted for radioactivity. Despite approxim- 
ately equal water content of brain and muscle, higher rad- 
joactivity was found in muscle than in brain at 1 and 2 
its. The possibility was tested that the qi31 tag leaves 
the AP molecule with time. 5 groups of 1 hr. dialyses were 
compared: IAP mixed with plasma in vitro; with water in 
vitro; rat plasma at 15, 60 and 120 min. following inject- 
im of IAP. Data were expressed as % radioactivity re- 
maining inside the cellophane bag. Results: IAP plus 
plasma in vitro, 50%; IAP plus water, 30%; IAP in plasma 
invivo 15 min., 17%; 60 min., 7%; 120 min., 4%. The lst 
msult is due to reversible protein binding. In vivo re- 
sults suggest that after injection of IAP, increasing 
quantities of I131 are detached from the AP molecule in a 
form more diffusible through cellophane than IAP. This 
ww form does not freely pass the blood-brain barrier. 
fvidence for this phenomenon is seen in other species. 
thus, there are differences in the behavior of IAP when 
injected in animals which may invalidate use as a substi- 
tute for AP in studies of body composition. 


Physiology 


DSTRIBUTION OF 4-IODOANTIPYRINE IN THE RAT. 

leo A. Sapirstein. Department of Physiology, The Ohio 
State University, Columbus, Ohio. 

The similarity between the distribution volumes of anti- 
pyrine and 4 iodo!3lantipyrine has suggested that the latter 
compound, which is very easily determined, may be useful 
for the measurement of total body water. Studies carried 
wut with 4-iodoantipyrine in the rat indicate that the agree- 
ment between the apparent volume of distribution of this 
compound and the body water is fortuitous. One and a half 
hours after intravenous administration of the label, its 
concentration in the water of the liver and of the gastro- 
intestinal tract is several times as large as its mean 
concentration in the body water; the concentration in the 
water of skeletal muscle and myocardium is about two thirds 
that in the body water; the concentration in cerebral water 
is about one fourth that in the body water. These findings 
siggest an enterohepatic circulation of iodoantipyrine and 
indicate that this compound is not suitable for the measure- 
ment of body water. (Supported by a grant-in-aid from the 





National Science Foundation. ) 
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Biochemistry 


The Distribution of Urea between Tissues and Plasma 
E. Halac, Jr* 
ew York University School of Medicine 





A number of reports (Folin, 1911, 1912; Marshall, 1914) 
have stated that urea is evenly distributed between the tissues 
and body fluids. The urea space has been found to be closely 
comparable to the total body water (Painter, 1940; San Pietro 
and Rittenberg, 1953). The urea space has therefore been u- 
tilized (McCance and Widdowson, 1951; Srikantia and Gopalan, 
1957) as a practical measure of the total body water. 

Observations on the unequal distribution of free amino 
acids between cells and plasma under certain conditions led us 
to reinvestigate the question of the distribution of urea. The 
levels of urea were studied in the liver, muscle and kidneys 
of rats, and concentrations considerably higher than those of 
the plasma were obtained. The discrepancy between these 
findings and those of previous workers is attributed to their 
failure totake into account the differences in water content 
between tissues and plasma. It is concluded that the urea space 
is not a reliable measure of the total body water. 


Pharmacology 


TAGGED 2-AMINO-2- 
( THAM). 


VOLUME OF DISTRIBUTION OF C 
HYDROXYMETHYI-1, 3-PROPANED 
M.H:son Holmdah]* and G.G._Nahas*. Columbia University 
College of Physicians and Surgeons, New York, N.Y. 

8 cats and 2 dogs, after ligature of the renal vessels, were 
given 8.5 to 18. 8 microcuries of C4 tagged THAM per kg body 
weight. 10% inulin was simultaneously administered (1 ml/kg). 
Arterial pH was maintained close to normea!. Samples of plasma 
were withdrawn at 15', 30', 60',and 2, 3, 4, 5, and 6 hours. 
Plasma inulin concentration reached a plateau within 1 - 2 
hours, indicating a distribution in 21% of body weight. No 
tagged COg could be detected in the expired air. Plasma radio- 
activity disappeared exponentially, reaching a plateau between 
4 and 6 hours, at which time C) had distributed in 50-60% 
of body weight. Assuming that oh remains mostly in body 
water, this distribution would correspond to 65 to 80% of body 
water. Equilibration of C)4 between plasma and R.B.C 
started after 1 hour and was nearly completed after 6 hours. 
C)4 appeared in cerebrospinal fluid between 30 and 60 
minutes. Assuming that THAM is not significantly degraded, 
this study would indicate that it tends to equilibrate with the 
intracellular compartment within 6 hours. 


Nutrition 


BIOCHEMICAL STUDIES OF THE CHICK EDEMA DISEASE. Donald F. 
Flick,* Carl D. Douglass and Linda Gallo.* Div. of Nutrition, 
Food & Drug Administration, U.S. Dept. of Health, Education, 
and Welfare, Washington, D. C. 

The following parameters are being studied in young male 
chicks which were fed a fat known to contain the "chick edema 
factor": body water partition, total blood volume, plasma 
volume, hematocrit, hemoglobin, nonprotein nitrogen, crea- 
tine, creatinine, urea, uric acid, blood glucose, and plasma 
electrolytes. The intracellular water was not appreciably 
changed nor were the total blood and plasma volumes markedly 
altered, The edema formed was primarily interstitial, Hemo- 
globin levels and hematocrit values were low in advanced 
stages of the disease. Blood glucose levels were markedly 
decreased among chicks fed the "toxic factor." The plasma 
levels of sodium, potassium, and chloride were not appreciably 
altered by the "chick edema factor." In the light of these 
biochemical findings, possible mechanisms will be discussed. 














Los Angeles 27, California. 


Coated Pt cathodes were permanently implanted in the pari- 
etal bone marrow. When a potential of 0. 6v is applied, the cur- 
rent flow decreases during the first 3 postoperative days,then 
increases for the next week to a maximum and reaches an in- 


termediate steady level by 3 weeks.Slow waves of 4-6c/m 
first appeared during O2 inhalation at 5-7 days and are pre- 


sent continuously by the 10th day. Under normal physiological 
ccnditions their frequency and pattern are relatively constant 
except during estrus when they are disrupted. Breathing N2 de- 
creases bone marrow aO2 before brain aOQ2, while O2 increas- 
es bone marrow aO2 more than brain a02.CO2 mixtures had 
a greater effect on brain than on bone aO2.Slow waves are de- 
pressed with CO2 and N2 and increased with O2. Vasoconstric- 


tors decrease aO2.Some vasodilators increase aO2. Most of 
these drugs inhibit slow waves. Removal of 15-20% of blood 


volume does not affect aO2 but has some effect on slow waves. 


3-4 days after radiation (300-1000r ) aO2 is diminished and 
slow wave pattern disrupted.aO> returns towards normal in 
5-6 days, slow waves a few days later. (Supp. NIH gr.B 1135) 


Physiology 


BONE CELL METABOLISM, PARATHYROID HORMONE AND BONE RESORPTION. 


Stein Schartum™ and George Nichols, Jr. Harvard Med. School, 
Boston, Mass. 





It has been postulated that bone cell metabolites increase 


mineral solubility and parathyroid hormone causes resorption 
in bone by modifying cell metabolism, 


ple and medium was reached (6 hours). Compared to controls ’ 
heat-inactivation depressed Ca conc. 15% and stopped lactate 
production. 
creased Ca about 8% and lact. 9%. 
highly significant (p<.001). Phosphorus conc. was the same 
in all experiments. While anaerobiasis increased lact. 15% 

Ca was slightly decreased. Pyruvate as substrate compared to 
glucose increased Ca 8% and 11% in living and dead bones re- 
spectively, suggesting binding of Ca to pyruvate. 
hormone increased Ca and lactate from glucose. The effect of 
glucose on Ca was significantly higher in the hormone group, 

thus indicating synergistic effects of glucose and hormone. 

Thus Ca mobilization seems dependent on the rate and pattern 
of bone cell carbohydrate metabolism which mst progress be- 
yond triose dehydrogenase. 
involved although pyruvate may be. 
appears to modify these patterns. 


These differences were 


Parathyroid hormone 


Physiology 
EFFECT OF NH4Cl AND OF MERCURIALS ON CALCIUM AND PHOSPHORUS 
EXCRETION. L. Bosley,* H. Spencer,* M. Rogue* and J. Samach- 
son.* Montefiore Hospital, New York. sei 
loss of sodium, potassium and chlorides during the admini- 
stration of NH4Cl and mercurials is well known. Studies on 
the changes of calcium and phosphorus metabolism were carried 
out under controlled dietary conditions on the metabolic re- 
search ward. The patients received first one injection of 
2 cc. mercuhydrin and in a second study, 9 gm. NH4Cl for sev- 
eral days, which was then followed by a study of the combina- 
tion of NH4Cl and one injection of mercuhydrin. In other 
studies, 9 gm. NH4Cl were given for several days during low 
calcium intake (150 mg./day) and also during high calcium in- 


take (1500 mg./day). Although the mechanism of action in both 


agents is different, either NH4Cl or mercurials or their com- 
bined use has led to a definite and, in .ome cases, to a 
marked loss of calcium via the kidney. When 9 gm. NH,Cl were 


given on 5 consecutive days, the calciurie increased gradually 
reaching a maximum on the 3rd or 4th day and this rise contin- 


ued following its discontinuation. A single dose of mercuhy- 
drin led to excess urinary calcium loss followed by a rebound 


decrease of the calciuria, while the combination of both agents 


led to a 10 to 40-fold increase of the urinary calcium excre- 
tion. 
vice.) 


Physiology 


CAT BONE MARROW a02.G.A. Misrahy, D. F. Hardwick*,C. 
J. Brooks*, W. P. Hall*. Deafness Res. Lab. Childrens Hospital 


To evaluate these con- 
cepts mice calvaria were incubated in Krebs bicarbonate media, 
pH 7.4, until Ca and P concentration equilibrium between sam- 


Glucose-deprivation or iodoacetate-inhibition de- 


Parathyroid 


Lactate production is not directly 


(Supported by a grant from the U. S. Public Health Ser- 








Biochemistry 


STUDIES ON METABOLISM IN BONE SLICES FROM NORMAL AND 
PARATHYROID EXTRACT-TREATED RABBITS. D. V. Cohn and B. K, 

.* K.C.V.A. Hospital and U.K.Cy School of Dentistry, 
Kansas City, Missouri. 

A recently proposed mechanism to explain the action of 
parathyroid hormone on bone is based on an accumulation of 
citrate. In order to test this proposal during the early 
stage of the hormone's action, epiphyseal-metaphyseal bone 
slices from treated and control weanling rabbits were 
incubated with citrate-1,5-Cll, pyruvate-2-Cl, lactate-2-clh 
and glucose-U-Cls in the presence of air. Animals were 
sacrificed at , 8 and 18 hours after hormone treatment, 
Radioactive CO2 production was measured and the incubation 
media were analyzed for labelled organic acids by silicic 
acid column chromatography. Under our experimental condi- 
tions, the hormone had no effect on C+402 production nor 
was there any appreciable accumulation of C1lh labelled 
citrate from other substrates. Pyruvate and glucose gave 
rise to labelled lactate but citrate did not. Our data are 
not consistent with the hypothesized "citrate" theory of 
parathyroid hormone action on bone. (Supported by grants 
A-1132 (C3) and D-836 (C1) from U.S.P.H.S.) 


Biochemistry 


SKELETAL ROLE IN FLUORIDE HOMEOSTASIS. W. D. Armstrong and 
Leon Singer. Depts Physiol. Chem, Univ. of Minnesota, 
Minneapolis, Minn. 

The skeleton participates in regulation of body-fluid 
fluoride content by removal of fluoride from extracellular 
fluid. Data from equilibration studies of dry, fat-free 
cortical bone with plasma, artificial ultrafiltrates and 
aqueous solutions of varying initial fluoride concentrations 
demonstrated that about half of the normal fluoride content 
of body fluids is accounted for by the solubility of bone 
mineral in these fluids. In the protein free solutions an 
equilibrium concentration of approximately 0.07 ppm fluoride 
was found regardless of the initial fluoride content (0.01l- 
0.5 ppm fluoride) or of variation of ratio of solid to liquid 
phases. With plasma similar equilibrium concentrations of 
fluoride were found. These results indicate that the 
skeleton supports body fluid fluoride content. (Supported 
by a grant from the NIH.) 


Biochemistry 


CITRATE METABOLISM AND BONE MINERAL SOLUBILITY. ~eSTRADIOL 
AND PARATHORMONE EFFECTS. G. Vaes and G. Nichols, Jr. 
Harvard Med. School, Boston, Mass. 

Indirect evidence of a relation between citrate metabolism 
and bone mineral solubility suggested a simultaneous study of 
these phenomena in the same in-vitro system. Mouse metaphyses 
were incubated aerobically in bicarbonate buffered media. 
Their potential citrate oxidation rate (0.2 pM/hr/me cell N) 
was 8 fold larger than their potential rate of citrate produc- 
tion from pyruvate & oxalacetate (with fluoroacetate). Para- 
thormone (5 u over 3 days) increased net cellular citrate 
production 65% without changing citrate metabolic uptake. Es- 
tradiol (2 mg over 8 days to form new bone) increased both po- 
tential production and oxidation - 60 and 3% respectively. 
Normal bone citrate content (0.25% of dry weight) was in-— 
creased 19% by parathormone and 35% by estradiol. These sig- 
nificant changes suggest auantitative differences in citrate 
metabolism between resorbing and accreting bones. However, 
citric acid metabolism was apparently not related to bone salt 
mobilization into the surrounding fluid, since Ca and F ccn- 
centrations reached in the media during these incubations were 
independent of changes in citrate metabolism, concentration of 
citrate in the medium or bone and the presence of fluoroace- 
tete. (They were higher in parathyroid treated and lower in 
heat inactivated bones than in normals and estradiol treated. 
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Biochemistry 


cRYSTAL DISSOLUTION IN MINERALIZING TISSUES. A.E. 
Sobel and G. R. Goldberg* The Jewish Hosp. of B'klyn, N. Y. 
Dissolution requires a crystal surface metastable with re- 
spect to the solution, Crystal growth and dissolution are of- 

ten not reciprocal processes, as one can inhibit crystal 
growth without blocking dissolution. The rule for dissolution 
of colloidal particles applies to bone, where, in contrast to 
the behavior of macrocrystals, the rate of dissolution varies 
inversely with size. Solubility can be affected by changes in 
the composition of the liquid phase, which may explain some 
observations in vivo, For example, the order of solubility of 
three phosphate salts in water is: strontium phosphate > 
calcium phosphate >lead phosphate. However, when a suffi- 
cient amount of EDTA is present , the relative solubility is 
in the reverse order, Changes in the composition of the 

bone crystal can also affect the solubility. co, or citrate 
increases the solubility of the crystal in water, whereas flu- 
oride serves to reduce the solubility. In vivo studies have 
shown that following preliminary exposure of bone salts to 
large amounts of stable strontium, there is a 76% reduction 
in the uptake of radioactive strontium, This reduction can 

be explained by solubility changes. 


Pathology 


EPIPHYSEAL ARREST FOLLOWING SYSTEMIC AND INTRAMEDULLARY PAP- 
AIN INJECTION. Monroe Schneider, M.D.* Isaac Albert Research 
Institute of the Jewish Chronic Disease Hosp., Bklyn, N.Y. 
The epiphyseal plates of sixty young rabbits were studied 
histologically following systemic injections of crude or pur- 
ified papain. Most of the epiphyseal plates were found to be 
closed after multiple injections of crude papain but only 
half the number of. epiphyses examined showed retardation when 
the purified protease was used, Results were not affected by 
the presence of enzyme activators, Transient ear collapse 
occurred when crude papain was injected but did not occur 
when the purified enzyme was used, Using various prepara- 
tions of papain, seventy growing rabbits were given intramed- 
ullary injections into the upper tibial metaphysis under 
tourniquet control. A series of three or four intramedullary 
injections of dialyzed papain protease resulted in complete 
closure of one or both of the epiphyseal plates of the in- 
jected bone without evident damage to the articular cartilage 
or to the epiphyses of other bones. Moderate shortening of 
the injected tibia was found after seven to twelve weeks in 
all eight rabbits treated. All but one of the experimental 
limbs had tibial deformity as well as growth retardation. 
(Supported by research grant A-3435 from the Institute of 
Arthritis and Metabolism, P. H. S.) 





Pathology 


THE FINE STRUCTURE OF BONE CELLS. H. Robert 
Dudley* and David Spiro*. Mass. General Hosp. and 


Harvard Medical School. 
The fine structure of cells in woven and lamellar bone 


using Araldite embedded material is presented. Osteoblasts 
have abundant endoplasmic reticulum, numerous vesicles, 
secretion droplets and long cytoplasmic processes which pene- 
trate osteoid. Transition of osteoblasts into vsteoid osteo- 
cytes and into osteocytes involves a successive reduction of 
cytoplasmic organelles. The collagen fibers in osteoid vary 
in diameter from approximately 100 A® on the surface to 600 
A° in the deeper layers. The osteocytes and their processes 
are surrounded by a structureless material which may be a 
mucopolysaccharide. Osteoclasts differ markedly from other 
bone cells. They contain numerous non-membrane associated 
tibosores and mitochondria suggesting a primary synthetic 
function. The brush border is a complex of long cytoplasmic 
Processes between which apatite crystals are found. There 
is no phagocytosis of mineral. At resorption sites, no un- 
mineralized collagen is seen and it appears that collagen is 
removed before or at the time of mineral solution. All bone 
surfaces are covered by a layer of cells. Where there is 
neither osteoid synthesis nor bone resorption, the bone sur- 
face hae a layer of endosteal lining cells resembling osteo- 
cytes. (Supported by USPHS grants C-4115 and H-1834.) 
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Nutrition 


Is MOLYBDENUM TOXICITY RELATED TO OSTEOLATHYRISM? Waldemar 
and V. Mill *. Depts. of Biochemistry and 
Pathology, Chicago Medical School, Chicago 12, Ill. 

The mandibular exostoses which have been reported to occur 
in many NMRI-D strain rats when fed Mo-containing diets (Van 
Reen, J. Nutrition, 68:243, 1959) are strikingly similar to 
gross changes which occur in the mandibles of rats fed lathyr- 
ogenic agents such as beta-aminopropionitrile (BAPN). ‘The 
feeding of Mo to over 100 Sprague-Dawley and Wistar strain 
rats, however, has produced only 1 animal with gross skeletal 
lesions similar to those produced by low levels of BAPN. 
Microscopic examination confirmed the similarity of these 
lesions to those of osteolathyrism. Reenforcement of the 
lathyrogenic action of BAPN by Mo was not obtained either in 
Sprague-Dawley or in NMRI-D strain rats. Although the skele- 
tal lesions produced by Mo in many NMRI-D strain rats appear 
to be similar in nature to the lesions which occur in ogteo- 
lathyrism, the point of metabolic action of Mo in producing 
"lathyric" lesions must differ from that of the lathyrogenic 
agents. (Supported by a grant from National Institute of 
Arthritis and Metabolic Diseases.) 
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Physiology 


GLYCOGENOLYSIS IN ALIQUOTS OF GLYCOGEN RODTES OF THE CHICK 
UNDER THE TNFLUENCE OF VARIOUS TISSUES. A. M. Lervold ® and 
J. Szepsenwol. Dept. of Anatomy, Univ. of Puerto Rico School 
of Medicine. 

Glycogen bodies of chicks 1 to weeks old were weighed and 
homogenized in Ringer in the proportion of 1-2 mg. per cc. 
From the latter 2 aliquots of 1 cc. were prepared; they were 
divided into 4 groups, 6 tubes each. To the tubes of group 1, 
0.2 cc. of Ringer was added, while the 0.2 cc. of Ringer added 
to the tubes of the other 3 groups contained 20 mg. of homoge- 
nized skeletal muscle (group 2), liver (group 3) or brain 
(group 4). Two samples of each group were extracted with hot 
KOH for their glycogen immediately, two after 4 hours and 2 
after 2 hours of incubation at room temperature of 60-65°. 
The glycogen was assayed by the anthrone method. It was found 
that the greatest destruction of glycogen took place in the 
presence of muscle homogenate. In group 2, 79% of the glycogen 
was destroyed in the 2) hours of incubation. In group 3 only 
50% of the glycogen was destroyed, in g:sup k only 26% and in 
group 1, to which no other tissue was added, only 23% of the 
glycogen disappeared. These results indicate that the poly- 
saccharide in the glycogen body is affected by the glycogen- 
olytic enzymes of other tissues, enzymes which are probably in 
low concentration in the glycogen body itself. 


Biochemistry 


DEGRADATION OF OLIGOSACCHARIDES CONTAINING URONIC ACID AND 
HEXOSAMINE WITH ALKALINE BORATE. J. A, Cifonelli. LaRabida 
Inst. and Dept. of Biochem., U. of Chicago. 

The isolation and identification of uronic acids from 
mucopolysaccharides are generally hampered by the decarboxy!l- 
ation of the uronic acid under hydrolytic conditions nec- 
essary for the release of monosaccharides. However, oligo= 
saccharides with 1—»>3 linkages, obtained under milder con- 
ditions of hydrolysis are degraded by weak alkalis such as 
Ca(OH), » Oligosaccharides containing uronosy! 1—+ 3 
hexosamine linkages may be degraded to give uronic acid as 
the new reducing terminal. It has now been found that during 
reaction with alkaline borate (pH 8.5), N-acetylated ol igo- 
saccharides from hyaluronic acid and chondroitinsulfuric acid 
are degraded to yield chromogenic substances and a compound 
which gives a positive carbazole reaction and migrates on 
paper in two different solvents with an Ry similar to glucur=- 
onic acid, Neacetylated oligosaccharides obtained from 
heparin when treated with alkaline borate yielded a product 
which behaved in the same way. The paper chromatograms also 
showed an additional material similar to that produced by the 
action of borate on glucuronolactone,. 
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Biochemistry 


STEREOSPECIFIC SYNTHESIS OF MURAMIC ACID AND RE- 
LATED COMPOUNDS. Yoshio Matsushima* and James T. 
Park Dept. Microbiol. Vanderbilt Univ. School of Med. 
Nashville Tenn. 

3-0-Na compound of 4, 6-benzylidene N-acetyl a-methyl 
D-glucosaminide was condensed with L-a-chloropropionic 
acid and the resulting 4,6-benzylidene 3-0-lactyl N-acetyl a- 
methyl D-glucosaminide (m. 266°, Ca},)+ 107 (EtOH) ) was 
isolated in good yield. Debenzylation with 60% acetic acid 
yielded 3-0-lactyl N-acetyl a-methyl D-glucosaminide, which 
was crystallized as the K-salt (d. 303°, (2}Jpt1ll (H20) ). 
The benzylidene compound was hydrolyzed with 2. 5N-HCl to 
recover 3-0-lactyl D-glucosamine (muramic acid) (d. 154°, 
[a]p+ 103 (H20) ). Taking account of the stereochemical ex- 
periences about substitution reactions of a-halogeno-acids 
it is highly probable that the lactyl moiety has inverted to D- 
configuration during the process. This supports the tentative 
proposal of Strange and Kent that natural muramic acid con- 
tains D-lactic acid. The corresponding derivatives of the 
diastereoisomer of muramic acid have also been synthesized 
and study of the optical rotation of these and additional de1iva- 
tives lends further support to the above conclusion. 





Biochemistry 
THE SYNTHESIS OF N-ACYL AMINO ACID DERIVATIVES OF D-GLUCOSA- 
MINE. Frances M. Finn and David Platt”. Univ. of Pittsburgh 
Pittsburgh, Pa. 

To further our investigations of glycoproteins, we have em- 
ployed a comparatively new method of synthesizing "model com- 
pounds”. N-Carbobenzoxy (Cbz) amino acids were reacted with 
D-glucosamine in the presence of dicyclohexylcarbodiimide to 
form amino acid derivatives of glucosamine. The sugar hydrox- 
yls were not esterified by this procedure. Therefore, free, 
unsubstituted glucosamine can react directly with the. amino 
acid to form only N-(amino acyl)-glucosamine compounds, an ad- 
vantage over earlier methods. The Cbz derivatives of glycine, 
L-tyrosine, L-alanine, L-hydroxyproline and benzyl-L-glutamate 
were condensed with glucosamine. The amino acids were select- 
ed on the basis of the wide differences in their chemical 
characteristics. The condensation products were detected by 
spraying chromatograms with base and p-dimethylaminobenzal- 
dehyde, which produces a red-purple spot indicative of N-acyl 
emino sugars. (Supported by a grant from the National 
Institute of Arthritis and Metabolic Diseases, USPHS.) 





Biochemistry 


A COMPLEX POLYSACCHARIDE FROM BAKER'S YEAST. 
Jaques Bourdillon. New York State Dept. of Health, 
Albany, N.Y. 

A method that combines the mechanical disintegration 
of baker's yeast cells with phenol-water extraction in 
presence of Ca yields a water phase which contains small 
amounts of a physically homogeneous polysaccharide 
(sedimentation constant about 4.5) of low viscosity. 

It is obtained by alcohol fractionation as a soluble 
crystalline compound with Ca and H2SO0,. It contains 
small amounts of N and P and a high proportion of hexose, 
and absorbs slightly in the ultraviolet. The material 
appears to be a polysaccharide-nucleotide complex and 

is highly unstable. 
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Biochemistry 
DEMONSTRATION OF ONE OR MORE NEW NATURAL HYGROMYC Ing 
A.D.Elbein*, Henry Koffler,and H.R.Garner*. Dept, of 
Biol. Sci., Purdue University, West Lafayette, Ing 

Hygromycin A has been shown to contain neo- 

inosamine, 3,4-dihydroxy-a-methyl cinnamic acid, ang 
5-keto-6-deoxy~-D-arabohexose. We have previously re. 
ported that the 5-keto sugar arises from D-glucose, 
probably without skeletal rearrangement. Further 
studies indicate that hygromycin A contains 1-2% of 
one or more antibiotics differing only in the sugar 
component. Hydrolysis of hygromycin A has revealed 
the presence of glucose, fucose,and one or more un- 
identified methyl pentoses. To establish the exist- 
ence of other hygromycins, hygromycin A was removed 
by conversion to its insoluble 2, 4-dinitrophenyl- 
hydrazone derivative. The supernatant liquid was 
neutralized, concentrated, and passed through a char- 
coal column. The biologically active material ob- 
tained gave an infrared spectrum almost identical to 
that of hygromycin A, except that the carbonyl band 
at 5.8 m was absent. On acid hydrolysis of this m- 
terial, fucose,glucose, and inosamine were detected, 
In acid this material showed strong absorption at 
214 and 272 mi. The ratio of anthrone-positive mate 
rial to ultraviolet absorbing material was 1:05:1, 


Biochemistry 
RECIPROCITY BETWEEN FUCOSE AND SIALIC ACID IN GLYCO- 
PROTEIN FRACTIONS OF MALE URINE. C. Rothschild*, H. Kawasakit, 
A. Danilchenko* and Z. Dische. Dept. of Biochem. Coll. of Phys. & 
Surg. Columbia Univ., N.Y. 

Nondialyzable glycoproteins of urine were separated from proteins 
by a new procedure based on the fact that about 90% of these glyco- 
proteins, remaining after separation of the Tamm-Horsfall glycoprotein, 
pass dialysis bags under negative pressure of about 700 mm Hg. The ultm 
filtration was twice repeated after dilution of the non-filtrable residue 
each time to the original volume of the urine sample. The ultrafiltrate 
was concentrated anddiclyzed. The filtrable but not dialyzable glyco- 
proteins were fractionated with isopropanol and ether. Four fractions, 
precipitated at 67%, 82.3%, 87.5% isopropanol and by seven parts of a 
I:| mixture of isopropanol and ether, were obtained. They differed sig- 
nificantly in their sialic acid (S) to fucose (F) ratio. These ratios run 
parallel to solubility in isopropanol. The ratios of S and F to hexosamine 
were reciprocal in the 4 fractions. Subfractionation by continuous flow 
electrophoresis, according to a procedure reported from this laboratory 
(Gabriel et al. Arch. Biochem. & Biophys. 86:155:1960) resolved them 
into several subfractions characterized by differences in their S to F 
ratios which paralleled the anodic mobility of the subfractions. 





Nutrition 


NON-EXISTENCE OF GLYCOGEN IN TISSUES IN A FORM NOT EXTRACT- 
ABLE WITH COLD TRICHLOROACETIC ACID. Joseph H. Roe, J. 
Martyn Bailey*, R. Richard Gray* and John N. Robinson*,. Dept. 
of Biochemistry, George Washington Univ. School of Medicine, 
Washington, D. C. 

Glycogen has been extracted completely from heart, liver 
and skeletal muscle by homogenizing with cold trichloroace- 
tic acid (TCA) solution in a Virtis homogenizer operated at 
a speed of 36,000 to 45,000 rpm, making use of homogenizing 
beads. The tissue residue after two homogenizations under 
TCA solution, without beads, yields some glycogen when 
boiled with 30% KOH solution, When homogenizing beads are 
used, the residue after two homogenizations with TCA solu- 
tion yields essentially no glycogen after boiling with KOH 
solution. Results obtained indicate that glycogen is not 
"fixed" or "bound" in tissues in the sense of being held by 
a bond that is not broken by cold TCA solution under the 
physical conditions of the homogenization procedure, The 
data suggest that the distinctions in the literature con- 
cerning "free" and "fixed" or "bound" glycogen in tissues 
require reinterpretation, 
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960 CARBOHYDRATES—Metabolism 


Biochemistry 
PHOSPHORYLATION OF D-GALACTURONIC ACID BY EXTRACTS FROM GERMI- 
NATING SEEDS OF AUREUS. E. F. Neufeld, D. Ss. 


Fe ld, G. A. Kessler*, S. M. Ilves*, and W. Z. Hassid. 
Dept. of Biochemistry, Univ. of Calif., Berkeley, Calif. 


Previous work has shown that young seedlings of Phaseolus 
sureus incorporate C**-labeled D-galacturonic acid into pectin, 
and it was suggested that a-D-galacturonic acid 1-phosphate 
might be an intermediate in the conversion. This compound has 
now been synthesized in a system containing C}*-labeled D- 

turonic acid, ATP, MgCls, and asoluble enzyme preparetion 
from germinating seeds. The radioactive product formed upon 
incubation was separated by paper electruphoresis and identified 
as D-galacturonic acid 1-phosphate by the following criteria: 
1) formation of D-galacturonic acig upon treatment with phos- 
phatase or with acid (1 N HCl, 100°, 10 min.); 2) co-electro- 
phoresis and co-chromatography with authentic D-galacturonic 
acid 1-phosphate; 3) incorporation of the radioactivity into 
UP-D-galacturonic acid in the presence of UDP-D-galacturonic 
acid pyrophosphorylase and UTP. Since the pyrophosphorylase is 
specific for the a-form of D-galacturonic acid 1-phosphate, the 
enzymatically synthesized ester must be of the a-configuration. 
(supported in part by a grant (A-1418) from the U. S. Public 
fealth Service and by a contract with the Atomic Energy 
Commission. ) 


Biochemistry 


GLUCOSE~REVERSIBLE HYPOGLYCEMIA INDUCED IN MICE BY INTRAPERI- 
TONEAL INJECTION OF THERMOPHILIC ALGAE. and 
Dean Burk. Natl, Cancer Inst., Bethesda, Md. 

Thermophilic Chlorella cells (Sorokin-Myers strain 7-11-05) 
introduced into the peritoneal cavity of mice caused a rapid 
and chronic hypoglycemia that could lead to death. Lowered 
blood sugar levels of about 50 mg % were found in normal-fed 
nice 4 hours after I.P, injection of 70-100 mm live algae in 
1 ml physiological saline, Simuitaneous injection of 100-200 
mg dextrose with the algae protected against this hypoglycemic 
effect. With starved mice, bl sugar levels of about 10 
mg $ were obtained with_100 algae. Seventeen hours after 
LP, injection of 20 mm algae, blood sugar levels of 25 mg % 
wre found, Subsequent I.P. injection of 20 mg dextrose in 
lml saline temporarily returned the blood sugar level to 
normal, but after 2 hours the original degree of hypo 
was re-established. Heating the algae at 80-85°C. for 15 
minutes destroyed their capacity to induce hypoglycemia in 
mice or to take up dextrose in yitro. These studies have 
revealed the ability of unicellular algae to survive and 
mtabolize in the peritoneal cavity of mice by utilization of 
the animal's glucose, much as ascites cancer cells do. Proper 
application of such algae can provide a means of inducing 
glucose-reversible hypoglycemia by non-hormonal means super- 
ficially resembling the end result of in yivo insulin action. 


Biochemistry 


EFFECT OF STARVATION ON GLUCOSE TOLERANCE AND SERUM INSULIN- 
LIKE ACTIVITY IN RATS. Jiro Oyama and R. Lorimer Grant. 
Div. of Pharmacology, Food and Drug Admin., U. S. Dept. of 
Health, Education, and Welfare, Washington, D. C. 

Glucose tolerance tests were run in female Osborne-Mendel 
tats fasted for either 1 or 6 days. Rats were given glucose 
orally (300 mg/100 g.) and bled from the tail vein after 4,1, 
2 and 3 hours. Six-day fasted rats showed a marked decrease 
in glucose tolerance compared to l-day fasted rats. Following 
glucose administration, the blood glucose of 6-day fasted rats 
Temained continuously above the initial levels for at least 3 
hours while the blood glucose of l-day fasted rats returned to 
the initial levels within 2 hours. Serum insulin-like activi- 
ties of nonfasted and of 1,2,4 and 6-day fasted rats were 
measured by the mouse diaphragm method (Proc. Soc. Exp. Biol. 
Med., 104, 333, 1960) along with measurements of blood glucose 
and liver glycogen. No significant difference in the serum 
insulin-like activity of nonfasted, 1- and 6-day fasted rats 
was found. No appreciable variation in blood glucose values 
was observed within the fasted group of animals. Liver glyco- 
gen was reduced to a minimum level after 1-2 days of fasting 
and then increased with prolongation of the fast. The data 
Suggest that the reduced glucose tolerance of rats on pro- 
longed fast is not due to a diminution in the concentration 
of circulating serum insulin. 
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Biochemistry 


SULFOCARBOHYDRATE METABOLISM. A. A. Benson and I. Shibuya*. 
Dept. Agric. and Biol. Chem., Penn. State Univ., University Park, Pa- 

Recognition of the plant sulfolipid as a sulfoglycosyl diglyceride 
presents the possibility that plants possess pathways for sulfosugar 
synthesis. The structure of the sulfoglycoside and evidence for its 
rapid turnover are consistent with a sulfonic acid ‘glycolysis’ system. 

The sulfolipid is an a-methylene sulfonic acid analog of the plant 
galactolipids. A 6-sulfo-6-deoxy-a-D-glucopyranosyl diglyceride 
structure is suggested onthe basis of chemical and physical evidence. 
This variance from the 8-D-galactopyranoside structure of the other 
major glycolipids in plants appears to be the result of differences in 
enzyme specificity or in the pathway of their phytosyntheses. 

Radiochromatographic examination of extracts of S*5-labeled algae 
revealed relatively rapid synthesis of several sulfocarbohydrate deriv- 
itives. The sulfolipid concentration in Chlorella is comparable to those 
of the phosphatides. In addition tolarge amounts of free sulfoglycosyl 
glycerol, there occur smaller amounts of sulfonic acid compounds 
including one with the properties of sulfolactaldehyde. Condensation 
of synthetic sulfolactaldehyde with dihydroxyacetone phosphate in the 
presence of aldolase produced a stable sulfoketose phosphate. 

The sulfohexoses and anticipated intermediates in their phytosyn- 
thesis possess unique chemical properties and reactivities. It is not 
unreasonable to suspect that plants should utilize a 'sulfoglycolytic’ 
sequence in certain areas of their metabolism. 

(This work was supported by grants from the AEC and the NSF.) 


Biochemistry 


FURTHER METABOLIC a IN SCHIZOPHRENIA, C 
V, Ward*, K, lathan*, Beckett* and J, Gottlieb®. ayette 
Ciinic and Wayne S. U. Coll. of Med., P 
Blood from 10 control and 10 zophrenic subjects in the 

resting state was incubated with P for 1 hr, ATP, ADP, 
adenylic acid, and hexose diphosphate were isolated by chro- 
matography and their levels and specific activities measured. 
Chicken erythrocytes were suspended in plasma from the f>- 
jects and incubated with glucose-1l. and glucose-6-Cl*, 
lactate, pyruvate, and produced in 1 hr, were measured, 
These studies were repeated on the subjects after administra- 
tion of a painful stimlus for 10 minutes, It was previously 
reported that insulin produced an increase in the sp, act. of 
ATP and its intermediates in the blood from control subjects 
but no change in the patients (Fed. Proc., 17, 225, 1958). 
The painful stimlus uced a decrease in sp. act, of ATP 

(2,000,000 to 98,000) in the controls and no change in the 
patients, Insulin caused a decrease in the ratio 1-C/6-C 
found in C02 in the controls and an increase in the patients 
(Fed. Proc., 18, 231, 1959). Pain caused the opposite effect, 
an increase (6.58 to 7.55) in the controls, a drop (9.91 to 
8.42) in the patients. lactate/pyruvate ratios were not af- 
fected by any of the experimental situations, The results in- 
dicate that normal control of metabolic reactions is not ex- 
erted in the erythrocytes of schizophrenic patients, 


Biochemistry 


ENZYMIC HYDROLYSIS AND TRANSFER REACTIONS OF PHOSPHORAMIDATES. 
Roberts A. Smith* and Atsuko Fujinoto™. Dept. of Chemistry, 


Univ. of California, Los Angeles, California. 


An enzyme which catalyzes the formation of Pi and NH3 from 
phosphoramidate has been purified about 150 fold from extracts 
of E. coli. This enzyme has an optimum pH of 5.1 and is in- 
sensitive to fluorice. Purified along with the phosphoramidase 
is an enzyme which catalyzes the formation of glucose-1-P from 
glucose and phosphoramidate. The transfer enzyme has a pH 
optimum of 6.5 and is completely inhibited by 1072m fluoride. 
Aging the purified fractions at 0 for 2-3 weeks markedly 
reduces the hydrolytic activity while the transfer enzyme 
remains essentially undiminished. N-phosphorylglycine is also 
cleaved by the amidase and is an equally effective phosphoryl 
donor with the transfer system while creatine phosphate and 
phosphordiamidate are inactive in both systems. The transfer 
system may be coupled to glucose-6-P dehydrogenase if another 
enzyme (glucose-1-P transferase) is present. Thus the follow- 
ing reactions account for the formation of glucose-6-P. 


P-NHp + glucose-——> glucose-1-P + NHg------~------~~ qa) 
glucose-1-P + glucose ——»glucose-6-P + glucose-----(2) 


(Supported by a grant from the United States Public Health 
Service.) 





Biochemistry 


REGULATION OF GLUCOSE OXIDATION BY COENZYMES, ROLE OF ATP AND 
IMP, Giuseppe Inesi,* Ella Haugaard* and Niels Haugaard, 
Schools of Med,, Univ, of Pa,, Phila,, Pa, 

The experiments to be discussed are part of a study of the 
cofactors regulating the rate of glucose oxidation in the 
cell, Cell-free rat heart homogenates were found to oxidize 
glucose rapidly in the presence of AMP, nicotinamide, and low 
concentrations of DPN, ATP or ADP could substitute for AMP, 
but were not more effective, In recent studies dialyzed 
preparations were yyed and glucose oxidation was determined 
by collection of C°"O from U-C°"-glucose, After dialysis, 
ATP was more active than AMP in increasing glucose oxidation, 
This indicates that despite the absence of an effect of ATP 
in non-dialyzed homogenates, small amounts of ATP are neces~- 
sary to initiate glucose oxidation, IMP was inactive by itself, 
but increased glucose oxidation markedly in the presence of 
aspartate and a small amount of GIP, Glycine, glutamate, 
glutamine, gamma-aminobutyric acid or fumarate could not 
substitute for aspartate, Spectrophotometric evidence was 
obtained for the formation of AMP from IMP under the condi- 
tions of these experiments, (Supported by U.S, Public Health 
Service Grant H-1813,) 


Biochemistry 


THE CONVERSION OF ACRYLATE TO SUCCINATE IN PROPIONIBACTERIA. 
Robert W. Swick. Div. of Biol. and Med. Res., Argonne Natl. 
Lab., Argonne, Ill. 

Investigation of the isomerization of methylmalonyl CoA to 
succinyl CoA using a purified methylmalonyl isomerase prepared 
from Propionibacterium shermanii (Stjernholm and Wood, Proc. 
Natl. Acad, Sci., in press) clearly demonstrated that the re- 
arrangement is the result of the migration of the thioester 
group as previously reported (J. Am. Chem. Soc. 82, 2643, 
1960). Acrylic acid has been proposed as a possible intermed- 
iate in the isomerization. Experiments with crude extracts of 
P. shermanii showed that acrylic acid-cl4 becomes incorporated 
into succinate in the presence of propionate, oxalacetate, CoA 
and ATP, but not in the presence of methylmalonyl CoA. There- 
fore it appears unlikely that free acrylate occurs as an 
intermediate in the isomerization. The incorporation of 
acrylate into succinate is inhibited by avidin. Purification 
of the extracts by precipitation with ammonium sulfate and 
dialysis led to a marked loss in activity which could be 
partially restored by TPNH and completely restored by DPNH, 
suggesting that acrylate was first reduced to propionate and 
then converted to succinate by transcarboxylation and isomeri- 
zation. (Work performed under the auspices of the U. S. Atom- 
ic Energy Commission) 





Biochemistry 


THE ROLE OF MALONATE IN THE BIOSYNTHESIS OF MOLD TROPOLONES. 
Ronald Bentley. Dept. of Biochem. and Nutr., Univ. of 
Pittsburgh, Pittsburgh, Pa. 

Labeled stipitatonic acids were obtained from Penicillium 
stipitatum cultures grown in the presence of C 14 acetates 
and malonates. The stipitatonic acids were decarboxylated to 
yield BaCO3 from C 9 and stipitatic acid; the latter with 
copper chromite gave BaCO, from C 8 (For numbering, see 
Bentley, Biochem. Biophys. Res. Comm. 3: 215, 1960). From 
malonate-1-C 14, C 9 contained 337, of the total activity in 
stipitatonic acid; from acetate-1-C 14, C 9 contained sub- 
stantially less - 26%. With both of these precursors, C 8 
was less than 5%. From malonate-2-C 14, C 8 contained 11%, 
but from acetate-2-C 14, C 8 contained much more - 25%; with 
both of these precursors, C 9 was less than 1%. One tropo- 
lone precursor may be orsellinic acid, formed from three mal- 
onate and one acetate units. At a later stage, formate addi- 
tion takes place. The present results support this hypothesis 
and suggest that the previously described head to tail acetate 
condensation requires, in part, prior conversion of acetate to 
malonate. Added malonate is apparently converted to acetate 
to some extent. There is a close correspondence between the 
biosynthesis of the tropolones, of penicillic acid and of 
fatty acids. 
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Biochemistry 
THE ROLE OF MALONATE IN PENICILLIC ACID BIOSYNTHESIS, John 
Keil*, Dept. of Biochem. and Nutr., Univ. of Pittsburgh, su 
Pittsburgh, Pa. rt 

Penicillium cyclopium synthesizes penicillic acid, 

c®Hy=0? (=C Hg) -0*O-C9(-OC8Hy) <CAH-CLO>H, by a head to tail be 
\sidiees of acetate (Keil, Federation Proc. 19: 242, 1960), 
Earlier degradations were supplemented with a chromic acid ide 
oxidation of dihydropenicillic acid to isobutyric acid mer 
(C's 4-7); subsequent Schmidt degradation yields C4 as Baco,., ple 
In gyricillic acid from acetate-2-C**, D-glucose-l- and tic 
6-C**, C's 2,4,6 and 7 contain essentially 25% respectively gat 
of total activity. Thus, C7 has now been shown unequivocally eC 
to be derived from acetate. From malonate-1-C+ >» 9.5% and mel 
from malonate-2-C14, 35% of added activity was recovered in pet 
penicillic acid. With malonate-1-C!4, the cl4 distribution in 


was: Cl, 55%;C3, 50% of total activity. With malonate-2-cl4, | sl 





C2, 38%;C4, 37%;C6, 23%. Orsellinic acid was found in P, in 
cyclopium cultures by paper chromatography (benzene~butanol ae 
(50:1)-2% formate). With a precursor relationship between in 
orsellinic and penicillic acids now established in P, bar- of 
nense (Mosbach, Acta Chem. Scand. 14: 457, 1960), it is evi- | “I 
dent that orsellinic acid is formed by direct combination of co 
3 malonyl units plus an acetate unit. An analogous situation im 
arises in the biosynthesis of tropolones and fatty acids. z 
Biochemistry 
BIOSYNTHESIS OF N-ACETYLNEURAMINIC ACID. [L. Warren and DE 
H, Felsenfeld.* Natl. Insts. of Health, Bethesda, Md. we 


Enzymes have been partially purified from rat liver homoge- be 
nate which catalyze synthesis of N-acetylneuraminic (NANA) 
acid from phosphoenolpyruvate and N-acetylmannosamine. ATP & 

++ sons are required; Kt ions & TPN stimlate synthesis. 
GTP, CIP, UTP cannot substitute for ATP. Rat liver extract, 
treated with Bentonite, can be resolved into 2 fractions by a 
column of DEAE cellulose. Separately they are inactive but 
they can be recombined to restore full activity. The reaction 
proceeds in the direction of synthesis as demonstrated by 
complete conversion of limiting concentrations of N-acetyl- 
mannosamine to NANA. The product chromatographs with authen- 
tic NANA in 5 solvent systems, gives characteristic thio- 
barbituric acid, orcinol, resorcinol, Ehrlich and diphenyl- 
amine color tests. The crystalline product has the same IR 
spectrum as authentic NANA. cl4 labeled N-acetylmannosamine 
was enzymatically converted to C14 labeled NANA of the same 
specific activity. This material from a Dowex-l-acetate 
column was mixed with authentic NANA and chromatographed in 
5 solvents. Radioactivity and thiobarbituric acid positive 
material (by spraying) had the same Ry. This system differs 
from the aldolase system described by Comb & Roseman (JBC 235: 
2529, 1960). The fractions described above contain no NANA 
aldolase; pyruvate cannot substitute for phosphoenolpyruvate. 
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Biochemistry 
CHANGES IN PATTERNS OF LIVER ENZYMES IN EMBRYONIC AND YOUNG 
RATS. H.B. Burch, E.G. Diamant*, A.M. Kuhlman*, and J. Sker- 
jance*. Dept. of Pharm., Wash. U. Sch. of Med., St. Louis. 
The mature liver has an unusually versatile metabolic ca- 
pacity. Presumably the embryonic liver lacks many of these 
capabilities. Knowledge of the changes in specific enzyme 
capacities should help in understanding enzymatic differenti- 
ation. Earlier studies demonstrate impressive increases in 
flavoproteins during rapid growth. Equally marked changes in 
enzymes concerned with glucose and lactate metabolism have 
now been observed. Methods were developed of sufficient sen 
sitivity to study a variety of enzymes in individual embry- 
onic livers. Livers from 6 to 16 rats in each age group were 
analyzed for 13 enzymes. Enzyme activities as % of the adult 
level for 17 day fetal, newborn, and 9 day old rats respec- 
tively were: Hexokinase, 398, 281, 188; phosphofructokinase, 
307, 190, 137; hexosediphosphate aldolase 229, 124, 105; gly- 
cose-6-P dehydrogenase (DH)—, 107, 63; 6-P-gluconic DH-, 
79, 30; glucophosphoisomerase—, 161, 91. Fructose-1-P aldo- 
lase, 25, 78, 100; glucose-6-phosphatase 3.4, 59, 92; lactic 
DH 77, 90, 136; glycerol-P DH 10, 45, 114; triose-P isomerase 
71, 153, 106; glyceraldehyde-P DH 100, 232, 121; and phos- 
phorylase, 50, 109, and 80. The changes are t with 
increasing capacity for lipid synthesis and for lactate util- 
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CARBOHYDRATES 


Biochemistry 


§TUDIES OF GLUCOSE METABOLISM USING A SINGLE ISOLATED RAT 
DIAPHRAGM. R. Richard Gray* and Joseph H. Roe. Dept. of 
Biochemistry, George Washington Univ. School of Medicine, 
Washington, D.C. 

The diaphragm is removed from an anaesthetized rat and 
identical cylindrical segments are cut and weighed. One seg- 
nent is used for a control and each of the other segments is 
placed in a flask in 2 ml. of phosphate buffered glucose solu- 
tion, Flasks are incubated in a Dubnoff apparatus at 37°, the 
gas phase being 95% 02-5% Ca. The effect of varying the 
medium glucose concentration upon the tissue glucose level was 
masured as a function of time, With 2 and 4 mg. of glucose 
per ml, of incubation medium there was glucose uptake and an 
increase in concentration of sugar in the tissue, Uptake of 
glucose and glycogenesis were greater with added insulin, The 
increased glucose uptake in the presence of insulin was 
accounted for, in part, by increased glycogenesis, shown by 
incubation with C?* glucose. With 0.5 mg. of glucose per ml, 
of medium, results with and without insulin did not vary 
appreciably. There was little or no uptake of glucose and the 
concentration of sugar in the tissue decreased, The data 
indicate that glucose transfer across the cell membranes of 
the diaphragm is passive and insulin appeared to have no 
effect on this process, 


Biochemistry 


DESOXYCORTICOSTERONE ACETATE (DOCA) AND GLYCOGEN FORMATION. 
ia, Niedermeier* and Emmett B. Carmichael, University of Ala- 
jema, Medical Center, Birmingham. 

DOCA has been reported to inhibit glycogen formation, 
Since it also profoundly affects metabolism of potassium, an 
element whose concentration in liver parallels glycogen con- 
tent, it was hypothesized that the action of DOCA on glycogen 
was secondary to its action on K. Male albino rats were di- 
vided into 7 groups and injected daily with 5.0 mg. of DOCA 
subcutaneously for 0, 1, 2, 3, 5, 10, and 14 days respectively 
elf the rats in each group received tap water and half re- 
ceived 1.0% KCl to drink. After a 24 hour fast, 200 mg. glu- 
cose per 100 g. was injected I. P. simultaneously with the 
last DOCA injection. Four hours later the rats were sacrific- 
ed and the livers and gastrocnemius muscles removed for K and 
glycogen determination. Administration of DOCA for 3 days or 
less resulted in slightly greater glycogen production, but 
vhen administered for longer periods, low tissue K and glyco- 
gen levels resulted in rats that received tap water. Tissue K 
levels were nearly normal, and glycogen formation only slight- 
ly inhibited in rats that received 1.0% KCl. The results 
indicate that the mechanism of action of DOCA on glycogen for- 
mation is secondary to its action on potassium metabolism. 
(Supported in part by USPHS Grant A-3555.) 





Biochemistry 


CONTROL OF GLUCOSE UPTAKE. W. K. Baker.* University of 
Illinois, Urbana, Illinois. 

Simplified media composed of tris buffers have been used 
ina study of factors affecting glucose uptake by epididymal 
fat. In the standardized system (tris chloride, COs, 
8x 10-3M glucose, pH 7.2) glucose uptake is increased an 
average of 8-fold by insulin. pH >8, replacement of chloride 
by acetate, or mechanical manipulation all cause increased 
glucose uptake, and in some cases maximum glucose uptake was 
obtained in the complete absence of insulin. The term 
actuation is suggested to describe this phenomenon. The 
Measured insulin response is thus dependent on the degree of 
actuation of the tissue. There is apparently no external 
metallic cation requirement for the system. Maximal 
stimlation of glucose uptake is obtained by addition of 
amorphous insulin without addition of Zn** or any other ions. 
Furthermore, insulin did not affect the rate of uptake of 
tinc, or the loss of Na*, K*t or inorganic P. Although the 
binding of tritium labeled insulin by muscle tissue was 
Teadily measurable, that of epididymal fat was less than 
10-15 moles/gm. tissue when incubated in medium containing 
1 x 10-10M insulin (sufficient for nearly a maximal effect 
on glucose uptake). The expected degree of insulin combina- 








tion with tissue was calculated from the fractional stimla- 
tion by insulin using a simple model for insulin action. 









Biochemistry 


QUANTITATIVE ESTIMATION OF THE CORI CYCLE IN THE HUMAN. * 
George A. Reichard*, Nelson F. Moury, Jr. , Norman J. Hochella 
and Sidney Weinhouse. Inst. for Cancer Research and German- 
town Hospital. Phila., Pa. 

As an extens}9n of studies of blood glucose turnover in 
humans, using C~'-labeling, a method was devised for quantita~ 
tive estimation of the Cori Cycle, viz., resynthesis (presum- 
ably hepatic) of glucose from lactate derived by glucose 
breakdown in peripheral tissues. Tp procedure involves in- 
travenous injection of glucose -1-C1 » followed by sequential 
withdrawal of blood samples and determination of specific 
activity of total blood glucose carbon and the incorporation 
of radioactivity in glucose carbon 6. In 8 experiments thus 
far carried out, radioactivity in carbon 6 increased rapidly, 
reached a peak in 0.5 to 2 hours, then either remained sta- 
tionary, or fell parallel with the fall in radioactivity of 
total glucose carbon. At the peak, the specific activity 
ratio, C6/total C ranged from 1.3 to 4.5%. By means of a 
mathematical formula developed with the aid of A. L. 
Patterson, one can estimate rough approximations of the 
fraction of the total glucose turnover resynthesized to 
glucose. These averaged about 10% for resting, fasting 
subjects, with a range of from 0 to 24%, and were not sig- 
nificantly different in 3 cancer patients and 5 "normal" 
8 (Supported by a grant from Public Health Service- 
N.I.H. 





Biochemistry 


EFFECTS OF EXPERIMENTAL INJURY ONCARBOHYDRATE 
METABOLISM IN SILKMOTH PUPAE. G. R. Wyatt. 
Yale Univ., New Haven, Conn. 

The metabolic changes that follow injury to diapausing 
silkmoth pupae, which include stimulation of respiration and 
of protein synthesis, are of interest because they resemble 
those that accompany hormone-induced adult development. 
We now find that striking changes in carbohydrate metabolian 
are produced. During several days following injury to the in- 
tegument of diapausing Hyalophora cecropia pupae, blood 
trehalose rises from about 6mM to 20mM or more, while 
glycerol (100-300mM) falls somewhat, and glucose (0.1 - 
0.6 mM) does not change. Trehalose rises also after injury 
to Samia cynthia pupae, in which glycerol is only about lmM 
and therefore cannot be its major source. Conversion of in- 
jected glucose-1-c!4 to blood trehalose and to fat-body gly- 
cogen is stimulated many-fold 1 to 3 days after injury. Con- 
version to glycerol and to CO? are not stimulated even though 
CO2 output is up. It is thus clear that superficial injury can 
induce qualitative changes in the pattern of carbohydrate 
metabolism in these insects. (Supported by the Whitehall 
Foundation and the USPHS). 





Pathology 
ENZYMATIC ACTIVITY OF ISLET AND ACINAR TISSUE FROM THE 
PANCREAS OF NORMAL AND HYPERGLYCEMIC RABBITS, C. H. Smith* 
and P.E, Lacy. Washington Univ. School of Med., St. Louis, Mo. 

To aly te mechanism of regulation of insulin secretion by the blood 
glucose level, the quantitative histochemical techniques of Lowry were 
applied to dissected portions of islet and acinar tissue of the rabbit pan- 
creas. Hyperglycemia was induced by repeated intraperitoneal injection 
of glucose over an eight-day period. In the normal rabbit, malic dehy- 
drogenase activity per unit weight of tissue was extremely high in islets, 
and lower levels were found in acini. The activity of this enzyme was 
unchanged in hyperglycemic animals, Lactic dehydrogenase activity, 
on the other hand, was considerably greater in acini than in islets. In 
keeping with the greater vascularity of islets they, therefore, seem to 
possess a greater capacity for aerobic metabolism than do acini. Glucose- 
6-phosphate dehydrogenase was present in approximately equal amounts 
in islets and acini of normal rabbits. In the hyperglycemic rabbit, it 
was increased in activity in both islets and acini. In the normal rabbit, 
6-phosphogluconic dehydrogenase activity was greater in islets than in 
acini, The pentose phosphate pathway, therefore, is present in both 
islet and acinar portions of the pancreas and seems to be utilized in the 
metabolism of large amounts of exogenously administered glucose. 
(Supported by USPH Grants Nos. A-3373 and CRT-5017.) 





061 CARBOHYDRATES—Metabolism—Citric acid cycle 
Biochemistry 


INHIBITION OF THE OXIDATION OF THE CITRIC ACID CYCLE INTER- 
MEDIATES BY ALLOXAN. Ezzat S. Younathan.* Univ. of Ark. Med, 
Center, Little Rock, Ark. 

Although several metabolic sites have been suggested to ex- 
plain the cytotoxic action of alloxan, the exact mechanism is 
still controversial, The effect of alloxan on the oxidation 
of pyruvate-fumarate mixture, a-ketoglutarate, I-malate and 
succinate by whole kidney homogenates from starved rats was 
studied manometrically. In the case of the first three sub- 
strates almost complete inhibition was brought about by 
3 x 1075 M alloxan. Unlike other intermediates of the cycle, 
succinate oxidation was much less sensitive to the alloxan 
inhibition. If the pyruvate-fumarate mixture was added to 
the homogenate prior to the addition of alloxan, there was 
complete protection against the inhibitory effect of the 
drug. The inhibition of the oxidation of pyruvate-fumarate 
by alloxgn (3 x 10°? M) was fully reversed with glutathione 
(1 x 1077 M) or with DPN (1.5 x 10% M) plus cytochrome C 
(3x 107M). L-cysteine was much less effective as a re- 
versing agent and cytochrome C alone caused no protection 
against the inhibitor. These findings tend to indicate a 
possible alloxan block between the substrate level and DPNH 
~ ya C reductase. (Supported by USPHS grant No. A- 
4,050, 


Biochemistry 
METABOLISM OF SEVERAL ALIPHATIC ALCOHOLS. M. Samir Amer* and 
Martin P. Schulman. Dept. of Pharmacology, Univ. of Illinois 
College of Medicine, Chicago 12, Illinois. 

An unidentified acid was formed when ethanol-1-Cl4 was incu- 
bated with rat liver homogenate containing malonate; this com- 
pound released cl4-acetaldehyde from an acetaldehyde-free fil- 
trate when heated in acid FeC13-FeS0O4 and was not formed when 
malonate was omitted from the incubation (Quart. J. Stud. Alc. 
20, 439, 1959). Similarly, methanol-C!4 and isopropanol-2-cl4, 
when incubated with malonate, formed cl4-formaldehyde and cl4. 
acetone, resp., from formaldehyde- and acetone-free filtrates. 
The preformed C14-aldehydes and unreacted C14-alcohols were 
removed previously from the filtrates by extraction with per- 
oxide-free ether and by vacuum concentration. These results 
suggest that methanol and isopropanol reacted like ethanol and 
produced specific "formaldehydogenic" and "acetonogenic" com- 
pounds, resp., when incubated with malonate-containing homoge- 
nates. However, it does not appear that malonic acid per se was 
involved in the formation of the unidentified "acetaldehydo- 
genic" acid since the latter was also produced when ethanol-1l- 
cl4 was incubated with fluoroacetate instead of malonate. The 
fact that malonate was not essential for the formation of the 
“acetaldehydogenic" pound from ethanol suggests that some 
metabolite, which accumulated when the citric acid cycle was 
inhibited, may have been involved in the formation of the 
compound. 








Biochemistry 


MALATE AND ISOCITRATE AS PRECURSORS OF TPNH IN REDUCTIVE 
BIOSYNTHESES. John M, Lowenstein. Grad. Dept. of Biochem., 
Brandeis Univ., Waltham, Mass. 

The discovery of the oxaloacetate synthetase reaction 
by Utter and Keech (J. Biol, Chem., 235, PC 17, 1960) raises 
the question of whether the reaction sequence: pyruvate +C0O, + 
ATP —» oxaloacetate (#ADP + p;) DPNH malate (+ DPN)—ZPN_, 
pyruvate + TPNH, is a major source of the TPNH required for 
reductive biosyntheses, The incorporation of tritium into 
fatty acids from glucose-1-H3 and malate-2-H? has been com- 
pared using rat liver slices, The ratio (hydrogen incorp- 
orated into fatty acids from glucose-1-H3/hydrogen incorp- 
orated into fatty acids from malate-2-H>) is generally 
between 1 and 2, This suggests that the pentose phosphate 
pathway dehydrogenase reactions are more important as a source 
of TPNH for fatty and synthesis than is the malic enzyme 
reaction, = The rate at which TPNH can be formed from 
isocitrate in the extramitochondrial space of the liver cell 
has been assessed by measuring the extramitochondrial con- 
version of acetate-cl plus oxaloacetate into &-ketoglutarate, 
This rate is at least equal to the respiratory quotient of 
the tissue. It is concluded that the isocitrate dehydro- 
genase reaction can be the major source of extramitochondrial 
TPNH. 











Immunology 
STUDIES ON THE ACTION OF FLUOROACETATE AND FLUOROCITRATE, 
Edwin E. Gordon*, Dept. of Med., Albert Einstein College of 
Medicine and Bronx Municipal Hospital Center, New York, 

It has been suggested that the inhibitory action of fluom. 
acetate (Fac) is the result of its conversion to fluorocitrat, 
(FCit) which inhibits aconitase. In the present studies, a di 
ference in the actions of these fluoroinhibitors became appan 
ent from their effects on the fate of I.V. administered sodip 
citrate-1,5-CL - After 3 hours, 52% of the label was found ip 
the respiratory C0o and 35% in the urinary citrate of control, 
female rats. When fac (25 yM/cg) was administered 30 min, 
prior to citrate-cl4, 61% of the label was in the respiratory 
COp and 15% was in the urinary citrate. Prior treatment with 
FCit (50 pM/cg) resulted in the recovery of 36% of the dn 
the respiratory (> and 50% in the urinary citrate. Tissue cq. 
trate levels were markedly elevated in the Fac poisoned ratg 
but less so in the FCit treated animals. Blood citrate concep. 
trations were elevated to about the same extent when Fic or 
Fcit was administered, but the urinary citrate of the FCit 
treated animals was elevated )-5 fold compared to normal and 
FAc treated rats. In vitro experiments with slices of kidney 
and liver confirmed the difference in the actions of Fic and 
FCit, and the tissue slice data are compatible with the hypo- 
thesis that the presence of FAc leads to inhibition of the 
condensing enzyme as well as inhibition of aconitase, 
(Supported by grant A-2598, USPHS.) 
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Biochemistry 

EVIDENCE +OR A MAMMALIAN DeGLYCEKIC DEHYDKOGENASE. 

J.3. Willis* and H.J. Sallach. Dept. of Physiological Chen., 

Univ. of Wisc. Medical School, Madison. 

Reduction of DPN or TPN in the presence of D-glycerate hes 
deen observed with enzyme preparations from several mammalian 
sourcese The enzyme is in the supernatant soluticn after 
centrifugation of an isotonic KCl homogenate at 3000 x g. 
Some purification of the enzyz.e from beef liver has been 
achieved by ammonium sulfate fractionation and chromatography 
on cellulose columns. L-Glycerate was used as an index of 
lactic dehydrogenase activity. During the purification the 
ratio of D- to L-glycerate activity increased from 0.3 to 2.0, 
At the present stage of purification DPN is also reduced in 
the presence of P=-hydroxypropionate or D-3-phosphoglycerate 
but to a lesser extent than with D-glycerate. TPN is reduced 
only with D-glycerate as the substrate and at approximately 
the same rate as DPN. Paper chromatography of the 2 ,l-dinkses 
phenylhycrazones from an incubation mixture containing 3-C 
Deglycerate as the substrate gave a radioactive spot with the 
same Rf as the derivative of known hydroxypyruvate. Reduction 
of the radioactive 2,l-dinitrophenylhydrazone gave a compound 
which accompanied carrier serine in two chromatographic sys- 
tems. Spectral data of known and unknown hydrazones support 
the conclusion that the product formed from D-zlycerate is 
hydroxypyruvate. (Supported by grants from USPH and WARF.) 





Biochemistry 


TPN-LINKED GLYCERALDEHYDE PHOSPHATE DEHYDROGENASE IN A NON- 
PHOTOSYNTHETIC TISSUE. C. R. Benedict* and H. Beevers. Brook- 
haven National Laboratory, Upton, New York and Purdue Univer- 
sity, West Lafayette, Indiana. 

The association of the TPN-linked glyceraldehyde phosphate 
dehydrogenase with the plant photosynthetic apparatus and the 
specificity for TPN shown in some types of photosynthetic 
phosphorylation have encouraged the view that the reductive 
step in hexose synthesis in leaves is mediated by this enzyme. 
An active sucrose synthesis from malate which involves the re- 
versal of glycolysis occurs in germinating castor beans. Ex- 
tracts of the colorless endosperm material contain both TPN 
and DPN enzymatic activity. Fractionation of these extracts 
completely separates DPN and TPN activity. The 44-664 
(NH4)5S0, fraction yields TPN and DPN activity whereas the 
15-1006 (a, ) SO), fraction contains only the DPN enzyme. 
Dialysis of the ly - 664 fraction and subsequent chromatography 
of the dialysate on DEAE columns with dilute buffer and NaCl 
yields fractions which distinctly contain only TPN activity. 
Unlike crude homogenates where arsenate stimulations are 
rarely obtained definite increases in TPN reduction occurs 
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with arsenate in the chromatographed fractions. About 40-50% 
of the TPN reduction is associated with the non-reversible 
TPN enzyme. 
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CARBOHYDRATES 


Biochemistry 


(QONCERNING PYRUVATE METABOLISM IN RAT BRAIN. Roger E. Koeppe 
and Chae Hee Hahn.* Department of Biochemistry, Oklahoma 
state University, Stillwater, Oklahoma. 

Glutamic acid from the brain of male rats given either py- 
ruvate-2-C2* or glucose-2-C1* was isolated and degraded, When 
pyruvate-2-C** was given, carbon 4 of glutamate had 15 per 
cent of the total radioactivity. Potanos et al., (Neurology 
10:213, 1960) have reported similar results with alanine-2-ci+ 
When glucose-2-C1* was administered, less than 3 per cent of 
the total radioactivity of brain glutamate was in carbon 4, 
These results indicate that pyruvate-2-C1* and alanine-2-C1* 
are converted by the liver to blood glucose-1,2,5,6-C2* which 
in turn is metabolized by the brain, Thus the extensive la- 
beling in carbon 4 of brain glutamate, observed after the ad- 
ainistration of pyruvate-2-C** and alanine-2-C2*, is readily 
explained by the blood-brain barrier. (Supported in part by 
grant RG-6765 from the PHS, ) 


Biéchemistry 


PASTEUR mnie op ne eo 9m IN RAT BRAIN MITOCHONDRIA. 
george Rendina* and L. Hellerman. The Johns Hopkins 
§chool of Medicine, Baltimore 5, Maryland. 

In 1951 we reported(JBC., 189,779)that anions 
such as cinnamate and benzoate enhance aerobic gly= 
colysis and suppress 202 in guinea pig brain and 
kidney slices. Since brain mitochondria exhibit both 
glycolytic and respiratory activity,such observa=- 
tions have now been studied in these organelles. It 
has been established that 0.014 M cinnamate or ben~ 
zoate can enhance aerobic glycolysis in brain mito— 
chondria by 50%. This enhancement may approach the 
values for lactate formation anaerobically. These 
amions,like dinitrophenol and other uncoupling a- 
gents,also lower the P/O ratio. A critical example 
of a difference exhibited by cinnamate,etc.concerns 
certain specific inhibitors of the succinate system, 
such as malonate and monoethyl oxaloacetate,which 
inhibit at the primary dehydrogenase level. While 
cinnamate also inhibits succinate dehydrogenase, and 
accelerates glycolysis,malonate inhibits glycolysis 
and the hemi-ester has but little effect. DNP and 
amytal have no influence on succinate dehydrogenase, 
but do accelerate glycolysis. (Supported by N.C.I. 
Grants CY=392, CY=3186 and Cc=356.) 


Biochemistry 


PHOTOASSIMILATION OF CO, AND ACETATE BY PHOTOSYNTHETIC 
BACTERIA INTO PROTEIN AND OTHER INSOLUBLE CELL CONSTITUENTS. 
Daniel I. Arnon, V.S.R. Das* and John D. Anderson*. Laboratory 
of Cell Physiology, University of California, Berkeley, Calif. 
In ¢ the main early, soluble, products of CO, and 
acetate photoassimilation are known to be aspartate and glute- 
mate. As for the insoluble products, Stanier and Doudoroff 
have shown that in "resting" cells of R. rubrum, the major 
product of photoassimilation of (a) acetate is poly-f-hy- 
droxybutyrate, and of (b) CO, plus Hz, a glycogen-like poly- 
saccharide. In "growing" Chromatiun, es we found that after 
30 minutes of photoassimilation of C**0, plus H2, protein 
constituted 20 percent, polysaccharide 16 percent, and a frac- 
tion corresponding to B-hydroxybutyrat polymer had only a 
trace of the total radjoactivity fixed. Hydrolysis of the 
protein gave fifteen C**-amino acids of wig) eagnrse was 
the most prominent. Photoassimilation of C**-acetate by 
"growing" cells was investigated with and without 
added H,. Without added H,, the protein fraction accounted 
for 30, the polysaccharide for 30, and the B-hydroxybutyrate 
polymer fraction for 6 percent of the total radioactivity 
fixed. On adding H,, the protein and polysaccharide fractions 
dropped to 10 and 5 respectively, and the B-hydroxybutyrate 
polymer increased to 74 percent of the total radioactivity 
fixed. 


e246 442 





Biochemistry 


REGULATION OF HEXOKINASE ACTIVITY IN MUSCLE; 
EFFECTS OF DIABETES AND ANOXIA ON HEXOSE PHOS- 
PHATE LEVELS. D. M. Regen,* W. W. Davis,* and H. E. 
Morgan*, Physiol., Vanderbilt Sch. Med., Nashville, Tenn. 

In the perfused heart of the diabetic rat, where glucose 
phosphorylation is markedly inhibited, the steady state levels 
of G-6-P and F-6-P were almost twice normal. The F-di-P 
level and lactate production were low. In normal or diabetic 
hearts, anoxia caused dramatic increases in glucose phos 
phorylation, glycogenolysis, and lactate production. Under 
these conditions the G-6-P level fell while the F-di-P level 
rose. These data suggest that O, normally restricts the net 
conversion of F-6-P to F-di-P. Diabetes inhances this 
restriction and thus raises the level of G-6-P, a well known 
inhibitor of hexokinase. With anoxia, the restriction on the 
conversion of F-6-P to F-di-P is removed. The F-di-P 
pool is increased and the hexose monophosphate pool is 
diminished despite increased glycogenolysis. Thus the in- 
hibition of hexokinase is reduced. 
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Physiology 


GLUCOSE-6-PHOSPHATE DEHYDROGENASE LEVELS IN APPEN- 
DAGES OF THE DEVELOPING CHICK EMBRYO. William C. 
Mahaffey.* Univ. of Tex. Med. Br., Galveston, Texas. 

Changes in Glucose-6-phosphate dehydrogenase ac- 
tivity have been used to establish the role of the 
hexosemonophosphate shunt in growth and differentia- 
tion of wings and legs in ontogenesis of the chick. 
The technique of Glock and McLean was used (Biochem. 
J. 55:400, 1953). The results, given in units/mg 
protein, indicate that activity is localized pri- 
marily in skin and feather primordia of appendages 
from older embryos. At 12th day of incubation the 
value for skin + feathers of the leg is 1.87. A 
maximum value of 3.09 is reached on 16th day; there- 
after activity decreases sharply, a value of 0.92 
being obtained at hatching (21st day). The value 
for leg muscle decreases from 0.93 on the 12th day 
to 0.23 at hatching. Activity was also studied in 
whole wings and legs of 6-8 day embryos: During 
this period difference in growth rates of legs and 
wings is highest. The relatively low level of ac- 
tivity (av. 1.3) and lack of difference between 
legs and wings at these stages indicate that the 
shunt is not connected with the growth rate. (Sup- 
ported by USPH grant C-2296.) 


Physiology 


ENDOCRINE PARTICIPATION IN ADAPTIVE INCREASE IK HMP DEHY- 
DROGENASE ACTIVITY OF RAT LIVER. H,M.Tepperman, J,Tepperman, 
J,DeWitt* and A.Branch*. State Univ. of N.Y., Syracuse, N.Y. 
Weber et al. (Fed. Proc. 19:50, 1960) found that the level 
of glucose-6-P0, dehydrogenase of the livers of hypox rats was 
low and that adaptive increase in enzyme activity did not occur 
on re-feeding after a fast. This finding was confirmed. 
Growth hormone (GH, Wilhelmi) tri-iodo thyronine (73) and 
cortisone were injected into hypox rats in order to ascertain 
whether hormonal effects on the baseline level of enzyme ac- 
tivity could be distinguished from those on the adaptive 
response to a shift to a synthetic high fructose, low fat diet 
for 3 days. The data may be summarized as follows (all values 
are means + S.E. for 6 rats and represent percent HMP dehyd. 
activity per 100 gm. of rat, with intact chow controls as 100). 


Chow diet O 
1. Intact 100+ 7.0 989 + 114.0 
2. Hypox. no treatment 59+ 4.2 103+ 15-5 
3. Hypox.cortisone 250 meg/d, 5do 42+ 3.8 504+ 8.2 
he Hypox. Gi 500 mc ad, 5d. 52 + 9.1 50 + 304 
5. Hypox T3, 10 meg/d, 13d. 1444 11.8 222+ 274 
6. Hypox. GH, cort. as above T3 260 + 48.4 1608 + 235.2 


5 meg/d 





Biochemistry 
COMPARATIVE CARBOHYDRATE CATABOLISM IN ACETOBACTER SPECIES. 
Chih H, Wang and Solveig H. Bjerre*. Dept. of Chem. and Sci. 
Res. Inst., Oregon State Coll., Corvallis, Oreg. 

The catabolism of glucose and gluconate in Acetobacter 
melanogenum, Acetobacter industrium and Acetobacter xylinum 
has been studied comparatively by the use of the radiorespiro- 
metric method. Substrates used were glucose and gluconate 
labeled with C+4 in C-l, C-2, C-3, C-3, and C-6 respectively. 
With A. melanogenum or A, industrium, the rates and extent of 
C production from substrate carbon atoms of either sub- 
strate were found to be in the order of C-1>»C-2>C-3»C-»»C-6, 
indicating that the pentosephosphate cycle pathway is the 
principal mechanism for hexose utilization in these two organ- 
isms, although there was extensive conversion (60%) of the 
substrate hexose to nebagtanenntee in A. melanogemmm, In the 
case of A, xylinum, C*'05 production from glucose and glucon- 
ate carbon atoms was in the order of C-lbC-2> C-6>C) 2 and 
Co1>C=6>C=2>C32C), respectively. These results suggest that in 
this organism, hexose is catabolized by way of phosphoglucon- 
ate and pentosephosphate., The latter, however, appears to be 
catabolized further by m echanisms other than the classical 
pentosephosphate cycle. (Aided by grant from The National 
Institutes of Health, ) 








064 CARBOHYDRATES—Metabolism—Monosaccharide 
conversions Biochemistry 

THE ENZYMATIC SYNTHESIS OF L-RHAMNOSE.--Stuart Kornfeld” and 

Luis Glaser, Dept. of Biochemistry, Washington Univ. School of 


cine, St. Louis, Mo.--The enzymatic synthesis of L-Rham- 
nose from glucose-1-P by sonic extracts of Pseudomonas Aeru- 
ginosa (ATCC 7700) proceeds by the following reactions: S- 
Kornfeld and L. Glaser, Biochim. et Biophys. Acta 42, 548, 

; J.H. Pazur and E.W. Shuey, J. Am. Chem. Soc. 82, 5009, 
1960} (1) G-1-P + thymidine triphosphate # thymidine diphos- 
phate glucose (TDPG) + P-P, (2) TDPG + TPNH + Ht _, Tpp-Rhan- 
nose + TPN. The enzyme responsible for Reaction 1 has been 
partially purified and freed from the enzymes involved in 
Reaction 2, inorganic pyrophosphatases, and thymidine triphos- 
phate hydrolyzing enzymes. The enzymes responsible for Reac- 
tion 2 have been partially purified and show a requirement for 
DPN in addition to TPNH. The product of the reaction, TDP-R, 
shows ratios of re labile phosphate/total phos- 
phate/Rhamnose of 1/0.94/1.98/1.01. The sugar has been iden- 
tified as L-Rhamnose by paper chromatography in three solvents, 
by crystallization of C14 rhamnose phenylosazone to constant 
specific activity, and by its ability to act as a substrate 
for rhamnose isomerase. In the absence of TPNH, incubation of 
TDPG, enzyme and DPN, leads to the formation of a sugar which 
appears to bea -keto-6-deoxyhexose. 


Supported by Grant (G-8849) from the National Science Fan. 


Biochemistry 


INTERMEDIATES IN THE CONVERSION OF GDP=D-MANNOSE TO GDP-L~- 
FUCOSE. V. Ginsburg. Natl. Insts. of Health, Bethesda, Md. 
In the absence of TPNH, GDP-D-mannose is converted to 
intermediates in the pathway of GDP-L-fucose biosynthesis by 
extracts of A. aerogenes (J. Biol. Chem., 235, 2196 (1960)). 
These intermediates exhibit reactions characteristic of com- 
pounds possessing a keto-function and can be catalytically 
reduced by Hz to a number of GDP-linked 6-deoxyhexoses. The 
predominant 6-deoxyhexose is 6-deoxytalose. There is also a 
small amount of 6<deoxymannose and variable amounts of fucose 
and what appears to be 6-deoxyglucose. These results suggest 
a possible pathway for the biosynthesis of GDP-L-fucose. 
GDP-D-mannose loses H20 and rearranges to form GDP-4-keto-6- 
deoxy-D-mannose (I). By a double enolization, (I) is con- 
verted to GDP-4-keto-6-deoxy-L-galactose (II) which is then 
stereospecifically reduced by TPNH to GDP-L-fucose. Catalytic 
reduction of (I) would yield 6-deoxy-D-talose and 6-deoxy-D- 
mannose derivatives while reduction of (II) would yield L- 
fucose and 6-deoxy-L~glucose derivatives. Experiments with 
TPNH? are consistent with the proposed pathway. Whereas 
incubation of GDP-D-mannose and TPNH? with the enzyme pre=- 
paration resulted in the formation of H2-labeled L-fucose, no 
H” was found in either the C-5 or C-6 position of the L-fucose 
(TPNH?, 135,000 CPM/ymole; L-fucose, 27,500 CPM/mole; 
C-5 + C-6, < 800 CPM/\mole). 











Biochemistry 
PATHWAYS OF CARBOHYDRATE METABOLISM IN CANDIM 
M. Chakravorty, *M. Bacila,* L.A. Veiga and B.L. Horecker, 
Dept. of Microbiology, NYU School of Med., New York and 
Instituto de Bioquimica da Universidade do Parana, Brasil, 
Extracts of Candida utilis (formerly Torula utilis) convert 
aldoses to ketoses by alternate reduction and oxidation. The 
reduction step is catalyzed by a TPN-specific polyol dehydro. 
genase; (L.A. Veiga et al., Biochem. Biophys. Res. Comm, 
2, 440 (1960) ). Oxidation of the sugar alcohol is catalyzed 
by a DPN-specific polyol dehydrogenase. This enzyme 
catalyzes the following oxidations: (1) xylitol-> D-xylulose; 
(2) D-mannitol->D-fructose; (3) D-sorbitol->D-fructose; 
(4) ribitol—yribulose. It has been purified approximately 25 -. 
fold and shown to be a single enzyme. The TPN-polyol dehy- 
drogenase catalyzes the reduction of D-xylose, L-arabinose 
and D-ribose and also of D-glucose to D-sorbitol. Therefore 
the pathway in this organism is similar to that reported by 
Hers for seminal vesicle (Biochim. et. Biophys. Acta 37, 127 
(1960), namely D-glucose epee D-fructose, 
A similar pathway for pentoses has been reported by Chiang 
and Knight in filamentous fungi (Nature, 188, 79 (1960) ). 
(Supported by a grant from the National Science Foundation, ) 














Biochemistry 


ISOLATION AND SYNTHESIS OF GUANOSINE DIPHOSPHATE HEXOSES FROM 
BOVINE MAMMARY GLAND. Don M. Carlson” and R. G. Hansen. Dept. 
Agr. Chem., Mich. State Univ., East Lansing. 

Perchloric acid extracts of lactating bovine mammary gland 
were chromatographed on Dowex 1 (formate) according to Hurl- 
bert et al. (J. Biol. Chem. 209, 23, 1954). A peak in the 
elution diagram which contained both ultraviolet absorption 
and reducing sugar was purified further by paper chromatog- 
raphy in two solvent systems. After acid hydrolysis of the 
purified material chromatographic evidence for glucose, fruc- 
tose, mannose and fucose was obtained by using n-butanol -pyri- 
dine-water (6:4:3) and water-saturated phenol. The typical 
guanosine spectrum, the ratio of guanosine:total phosphate: re- 
ducing sugars (1.1:2.0:1.1) and the formation of GDP after hy- 
drolysis for 15 minutes in 0.01 N HCl suggested that these nu- 
cleotide derivatives were guanosine-5'-pyrophosphate sugars. 
Further, the synthesis of guanosine diphosphate glucose from 
GTP and glucose-l-phosphate was catalyzed by an ammonium sul- 
fate fraction of mammary gland. The incubation product had 
the same Rp as known guanosine diphosphate mannose in two sol- 
vent systems. Incubation with glucose-1-phosphate-C** yielded 
a radioactive guanosine diphosphate hexose spot. Acid hydrol- 
ysis and chromatography of this nucleotide hexose gave only 
radioactive glucose. These guanosine sugar derivatives may 
participate in oligosaccharide or lactose synthesis. 


Biochemistry 


THE EFFECTS OF SUBSTANCES ENHANCING ASCORBIC ACID 
BIOSYNTHESIS ON THE ACTIVITIES OF UDPG DEHYDRO- 
GENASE AND UDPGA PYROPHOSPHATASE. Oscar Touster 
and Siegfried Hollmann*. Dept. of Biochemistry, 
Vanderbilt University School of Medicine, 
Nashville, Tenn. 

Recent work in this laboratory suggested that 
substances which enhance ascorbic acid formation 
act by a mechanism involving protein synthesis 
(Biochem. and Biophys. Research Communications, 3, 
248 (1960)). We have found that barbital and 
Chloretone induce elevated levels of UDPG dehydro- 
genase as they stimulate ascorbic acid excretion 
and that both effects of barbital are prevented 
by hypophysectomy or by prior administration of 
ethionine. Carcinogenic hydrocarbons do not affect 
the level of UDPG dehydrogenase, indicating that 
they affect ascorbic acid synthesis by a different 
mechanism. In addition, 8 x 10°-"M barbital gives, 
in vitro, a 40% inhibition of UDPGA pyrophos- 
phatase, an enzyme generally believed to be on the 
biosynthetic route of ascorbic acid. These and 
other findings suggest a possible role of 
glucuronosyl transferase in the stimulation of 
ascorbic acid biosynthesis. 
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CARBOHYDRATES 


Biochemistry 


PURIFICATION AND PROPERTIES OF L-XYLULOKINASE AND L-XYLULOSE- 
5-PHOS PHATE 3-EPIMERASE FROM AEROBACTER AEROGENES. R. L. 
jnderson”, L. B. Jacobs* and W. A. Wood. Dept. Agr. Chem., 
Mich. State Univ., East Lansing. 

Extracts of L-xylose-grown A. aerogenes convert L-xylose 
to D-xylulose(Xu)-5-P by L-xylose isomerase, L-xylulokinase, 
[-Xu-5-P 3-epimerase and L-ribulose(Ru)-5-P 4-epimerase (Bio- 
chim. et Biophys. Acta 42, 374, 1960). The kinase has been 
purified 500-fold by fractionation with protamine, (NH4) 2504, 
alumir.a Cy and DEAE cellulose, and is free of L-xylose isomer- 
ase and L-Ru-5-P 4-epimerase. Only L-xylulose was phosphor- 
ylated (Km = 4 x 10-* M, pH optimum 7.5). The phosphorylation 
product had a phosphate-pentose ratio of 1. [OiJsaq (c = 1.95, 
b= 10, 0.5 N HBr) = 0 + 2°. The suyar moiety was identified 
as L-Xu by chemical, chromatographic and enzymatic methods. 
The product consumed two equivalents of periodate, produced 
phosphoglycolaldehyde, 0.81 equivalent of glyoxylate and 1 of 
formaldehyde, locating the phosphate group at carbon 5. L-Xu- 
5-P 3-epimerase has been purified by protamine, ammonium sul- 
fate and acetone fractionation. The L-Xu-5-P 3-epimerase 
assay involves measuring the rate of L-Ru-5-P production as 
DPNH oxidation using excess purified 4-epimerase, phosphoketo- 
lase, triosephosphate isomerase and a-glycerol phosphate dehy- 
drogenase. L-Xu-5-P, or L-Xu, ATP and purified L-xylulokinase 
served as substrate. 


Biochemistry 


INTERMEDIATES IN TDP-RHAMNOSE SYNTHESIS IN E. COLI STRAINS. 
R. Okazaki*, T. Okazaki*, and J.L. Strominger, Dept. of Pharm. 
Wash. Univ. Sch. of Med., St. Louis. 

TDP-sugar compounds have been isolated from two E. coli 
strains, viz.: TDP-rhamnose and -X2 from E. coli B (Okazaki, 
Okazaki and Kuriki) and TDP-X, -Y and -Z from E. coli Y-10 
(Strominger and Scott). Extracts of both these strains form 
TDP-glucose from TTP and G-1-P, and E. coli B extract in the 
presence of TPNH converts TDP-glucose to TDP-rhamnose (as has 
been shown recently by Kornfeld and Glaser and by Pazur and 
Shuey with other bacteria). With extract of E. coli Y-10, 
synthetic TDP-glucose (prepared by A.M. Michelson) is conver- 
ted quantitatively to a nucleotide mixture which is not re- 
duced to TDP-rhamnose in the presence of DPNH and TPNH. How- 
ever, it is reduced by either E. coli B extract or by rhodium 
catalyst and Hp (cf. Ginsburg). In the absence of TPNH and 
DPNH, E. coli B extract converts TDP-glucose to a similar or 
identical nucleotide mixture. The intermediates, at least two 
from each strain, have been isolated chromatographically and 
identification is in progress. The 6-deoxysugars formed by 
hydrogenation appear to be 6-deoxyglucose and fucose by chro- 
mtographic criteria, TDP-Y (but not TDP-X or -X2) is conver- 
ted to TDP-6-deoxysugar by E. coli B extract or by Hy and rho- 
dium. Other metabolic pathways involving TDP-X and -X» are, 
therefore, being sought. (Supp. by USPHS and NSF grants). 

















Biochemistry 


NUCLEOTIDE ACTIVATION OF LIVER MICROSOMAL 
GLUCURONIDATION. Burton M. Pogell* (Instituto de 
Investigaciones Bioquimicas, Buenos Aires, Argentina) 
Addition of UDP-N-acetylglucosamine and ATP was found 
to produce a large increase of UDP-transglucuronylase ac- 
tivity in rat liver microsomes. Part of the activation was 
caused by inhibition of UDP-glucuronic acid breakdown to 
glucuronic acid l-phosphate, glucuronic acid, and uridine, 
but there was an additional, as yet unexplained, increase. 
UDP-glucose, GDP-mannose, and uridine could not re- 
place UDP-N-acetylglucosamine, and UTP or AMP were 
less effective than ATP. The washed rat liver micro- 
somes hydrolyzed a large number of nucleotides and also 
had B-glucuronidase activity. The evidence obtained 
supports the existence of the following enzymatic steps 
inmicrosomal particles: 
(l) UDP-glucuronic acid——y» UMP + glucuronic acid-1-P 
— > glucuronic acid + P, 
(2) UDP-glucuronic acid + phenol——» UDP + phenylglucu- 
ronide——» phenol + glucuronic acid. 
The significance of these reactions in the biosynthesis of 
glucuronic acid and ascorbic acid will be discussed. 








Nutrition 


METABOLISM OF c4.6~D-GLUCURONOLACTONE AND c14.6~D-GLUCURONIC 
ACID IN MAN. E. M. Baker,* H. E. Sauberlich and S. J. 
Wolfskill.* U.S. Army Medical Research & Nutrition Lab., 
Denver, Colo. 

Metaboliam of Cl4.6-D-glucuronic acid and Cl4.6-D-glucuron- 
oOlactone was studied in human subjects who were given, orally, 
in separate experiments 20 pe each of the labeled carbohy- 
drates along with 2 gm cold carrier. In the case of the D- 
glucuronic acid, 68% of the dose was accounted for in the 
respiratory COo within a 24-hour period. None of the label 
was found in the isolated urinary ascorbic acid. However, in 
the case of the D-glucuronolactone, only 45% of the dose was 
found in the respiratory COo wit a 10-hour period. The 
subjects reached their peak of Cl40p excretion, as measured 
on a vibrating reed electrometer, within 30 minutes after the 
oral ingestion of the labeled lactone and returned to base 
line within 6-10 hours. Further, the urinary excreted ascor- 
bic acid which was isolated as the dinitrophenylhydrazone 
derivative was found to have a specific activity of 0.002 pc/ 
mg ascorbic acid in one subject and 0.003 pc/mg ascorbic acid 
in another subject, thus indicating some in vivo conversion 
of D-glucuronolactone to L-ascorbic acid in man. Urinary Cl 
oxalate was also excreted and its bearing on ascorbic acid 
metabolism will be discussed. 





Immunology 


GALACTOSE OXIDASE OF POLYPORUS CIRCINATUS. 
C. Asensio’ and D. Amaral. * New York University School 
of Medicine, New York, N.Y. 

The galactose oxidase present in the culture medium of 
this fungus (Cooper et al. J. Biol. Chem., 234, 445 (1958) 
has been purified approximately 100-fold. In addition to 
galactose (relative activity = 100) the enzyme is active with 
2-deoxy-D-galactose (15), lactose (4), melibiose (80) and 
raffinose (180). There is evidence that the final products 
are still reducing compounds. Therefore, the enzyme can 
not be assumed to act exclusively on the aldehyde group of 
galactose. The purified enzyme is very stable and coupled 
with a peroxidase-chromogen system provides a sensitive 
and rapid method for the determination of galactose in the 
presence of other monosaccharides. 

(Supported by a grant from the National Institutes of Health). 
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Physiology 


GLYCOGENOLYS IS AND PHOSPHORYLASE ACTIVATION BY GLUCAGON AND 
ANOXIA IN THE PERFUSED RAT HEART. M. Cornblath,* 

- Morgan,* and P. J. Randle,* Physiol. VanderbI!t, 
NashvI lle, Tenn., Blochem. Cambridge, England, Michael 
Reese Hosp!ital, Chicago. 

When the heart Is perfused with glucose-free blcarbonate 
buffer contalniIng glucagon (lug/ml), phosphorylase a 
Increases from 2] to 62% within 2 minutes. Anoxia has a 
similar effect. With elther agent, glycogenolysis and 
lactate production are greatly stimulated. Anoxla reduces 
cardlac glycogen by more than 80% withIn about 15 minutes, 
with a proportionate production of lactate; whereas glucagon 
reduces glycogen content by only 30% with a correspondingly 
smaller lactate release. WIth elther agent, phosphorylase 
activation persists beyond the time of rapid glycogenolysis. 
Increasing glucagon concentration !0=fold does not augment 
these effects. These actions of glucagon and anoxia are 
also apparent usIng hearts from alloxan diabetic rats. 
(Supported by a grant from N.I.H., U.S.P.H.S., and 

EI! Lilly & Co.) 





Physiology 


CARDIAC GLYCOGEN IN THE MOUSE. E. R. Thomas*, The Wheatley 
School, Old Westburg, N.Y. and D, K. Meyer, University of 
Missouri School of Medicine, Columbia, Mo. 

Analyses of bound and free glycogen fractions in the heart 
of normal mice at intervals between the ages of 1 day and 90 
days have been made. The cardiac glycogen concentration is at 
its maximum (836 mgs. per cent) at birth; the bound fraction 
comprises 37 per cent of this total. At 4 days of age 50 per 
cent of the glycogen is depleted and by the ninth day only 23 
per cent of the original amount remains, 27 per cent of which 
is in the bound fraction. At 16 days the percentage of the 
bound fraction begins to increase and by 18 days exceeds the 
free fraction. At 22 days total cardiac glycogen amounts to 
113 mgs. per cent of which 23 per cent is bound. 

Diurnal variations in total cardiac and hepatic glycogen 
have been observed. In the heart peak values occur at 12:00 
noon and 12:00 midnight, and low values at 8:00 a.m. and 4:00 
p.m. In the liver the peak occurs at 4:00 a.m. when 99 per 
cent of the glycogen is in the free fraction. There is a 
steady decline to 8:00 p.m., the low point in the curve. When 
free glycogen commences its rapid decline after 4:00 a.m., the 
bound form continues to increase to 12:00 noon and remains 
relatively stable from this time to 4:00 p.m. 


Biochemistry 


DISPROPORTIONATION OF OUTER CHAINS OF GLYCOGEN AND AMYLOPECTIN 
BY PHOSPHORYLASE. Barbara Illingworth*, David H. Brown and 
Carl F. Cori. Wash. Univ. Med. School, St. Louis » Uo. 

When pure phosphorylase a is incubated with liver glycogen 
or corn amylopectin in phosphate-free glycylglycine buffer, no 
change occurs in intensity or absorption peak of the iodine 
color. Addition of either P; or glucose-4-P in an amount in- 
sufficient to produce a change (< 1%) in outer chain length, 
results in an increase in intensity of the Is color and a shift 
of its peak to longer wave lengths. When, instead of phosphor- 

lase, amylo-1,6-glucosidase JPis new to a sp. act. 10 times 








he best earlier pre tions) is incubated with a solution of 
amylopectin (having 5.2% O=1,6-linked glucose units), only 0.2% 
free glucose is formed and there is no change in Is color. The 
glucosidase used is free of any enzyme acting to produce glu- 
cose and higher oligosaccharides from maltose. When the phos- 
phorylase disproportionating system is combined with the gluco- 
sidase system, 2.2% free ey is formed from amylopectin - 
an amount nearly that (2.6%) in the whole outer tier of branch 

ints. Disproportionation 


osphorylase also occurs when 
t% is incuba with amylohe est 


se, 5'=AMP, and a trace of 
phosphate. These findings reaffirm the structure originally 
proposed for a phosphorylase limit dextrin by showing that a-1, 
Oelinked glucose units can be uncovered and made available for 
— action, not only by net degradation, but also by 
sproportionation by gee gk ey itself. This is contrary 
to the claim of Walker and Whe (Biochem. J., 76, 264, 1960)) 
that a third enzyme is involved. ee ne ee 


Biochemistry 


IDENTIFICATION OF GLUCOSE AS A PHAGE-DETER- 
MINED COMPONENT OF SALMONELLA POLYSACCHA- 
RIDES. P.W. Robbins and T, Uchida*¥, Div. of Biochemistry 
Mass, Institute of Technology, Cambridge 39. 

The immunological properties of bacterial polysaccharides 
(O antigens) synthesized following phage infection are known 
to be different in many cases from those of uninfected cells, 
Chemical studies have been carried out on the polysaccharide 
extracted from an E2-group Salmonella and from the same 
organism carrying the lysogenic phage E**, These poly- 
saccharides are known to differ immunologically by the pre- 
sence of au added antigenic component. in the material from 
the lysogenic organism, They differ chemically by the pre- 
sence of glucose as a major component in the polysaccharide 
of the lysogenic organism. Since no other chemical differ- 
ence has yet been found it seems likely that the presence of 
the prophage brings about the addition of glucose to the 
normal polysaccharide during its biosynthesis, Studies are 
being carried out to determine the enzymatic basis for the 
presence of glucose in the polysaccharide of the lysogenic 
organism, 











Biochemistry 


ENZYMATIC FORMATION OF 4-DEOXY-5-KETOURONIC ACID FROM ALGINIC 
ACID. Jack Preiss and Gilbert Ashwell. National Institutes 
of Health, Bethesda, Maryland. 

Crude cell-free extracts of an unidentified soil organism, 
grown upon alginic acid as sole carbon source, readily de- 
graded the intact polymer with the resultant formation of a 
series of unsaturated oligosaccharides but was unreactive 
towards D-mannuronic- and L-guluronic acid. Incubation of 
alginic acid with a 30-fold purified extract resulted in the 
accumulation of a monosaccharide identified as 4-deoxy-L- 
erythro-5-hexoseulose uronic acid. Identification of this 
compound, which appears to be an epimer of the Q~-keto acid 
reported by Linker et al. [J. Biol. Chem. 235, 3061 (1960)] 
was based on the following evidence. Treatment of the unknowm 
with o-phenylenediamine and semicarbazide yielded character- 
istic spectra of Q-keto acids. The material was readily de- 
carboxylated by ceric sulfate. Periodate oxidation yielded 
B-formyl pyruvic acid as measured by thiobarbituric acid; 
formaldehyde was not liberated. Upon reduction of the unknowm 
with NaBH4, two new compounds co-chromatographing with D- 
gluco- and D-manno-metasaccharinic acid were observed. Perio- 
date treatment, following reduction, produced a stoichiometric 
yield of formaldehyde. Subjection of the reduction products 
to a Ruff degradation gave rise to a singie compound identi- 
fied as 2-deoxyribose. 





Biochemistry 
IDENTIFICATION AND DETERMJNATION OF PYRUVATE, A COMPONENT IN 
A BACTERIAL POLYSACCHARIDE. J. H. Sloneker™ and D. G. 
Orentas.* Northern Regional Research Laboratory, Peoria, 
Illinois. 

Pyruvic acid (P) is a minor constituent of the exocelluler 
polysaccharide produced by the bacterium Xanthomonas 
c stris NRRL B-1459 (Jeanes, et al., Abstracts of Papers, 
136th meeting, A.C.S.: 7D, 1959). The presence of P was 
first noted during a routine identification of the acyl 
groups found in Polysaccharide B-1459 and was identified as 
its 2,4-dinitrophenylhydrazone (DNP). Measurement of P in 
mild acid hydrolysates of polysaccharide was made by a modi- 
fication of the procedure described by Friedeman and Haugan 
(J. Biol. Chem. 147: 415 (1943). The optical density of the 
P-DNP is measured in 10% NapCOs at 375 mp. The assay is in- 
sensitive to glucose, glucuronate, mannose, glycolaldehyde, 
glyceraldehyde, glyoxal, and 1.0% KCl. Different experimental 
pilot-plant samples of Polysaccharide B-1459 contain 0.5 to 
0.6 equivalents of P per repeat unit of 8 hexoses. The P 
linkage is stable to mild alkaline hydrolysis, periodate oxi- 
dation, and NaBH, reduction, but is labile to acid. Paper 
chromatography of methanolic HCl hydrolyses of periodate- 
oxidized, borohydride-reduced polysaccharide indicates that 
P is associated with erythritol, which originates from 
glucose. 





Biochemistry 


SULFATE TRANSFER SPECIFICITY FOR CHONDROITIN SULFATES IN 
TISSUE PREPARATIONS. Eiichi Hasegawa,* Axel Delbruck,* and 
Fritz Lipmann. The Rockefeller Institute, New York. 

Extracts nearly free of chondroitin sulfate (CHS) were pre- 
pared by DEAE-cellulose colum fractionation from embryonic 
calf cartilage, and sulfate transfer was observed from PAPS%5 
to desulfo-CHS as well as to partially sulfated natural CHS. 
ATP did not stimulate, and transfer appears to be direct to 
preformed polysaccharides (cf. also Suzuki and Strominger, J- 
Biol. Chem., 235, 257, 1960). No sulfate exchange was found 
on incubation of SS5-CHS and PAPS. Attempts by column chrom- 
tography to separate specific kinases were not very successful. 
A human chondrosarcoma extract, however, which contained CHS-C 
only, showed a specificity for CHS-C but practically no acti- 
vity with A or B. In calf embryo skin extract, a differentia- 
tion between the sulfokinases for CHS-A and C and that for B 
was indicated by a specific sulfate (0.02 M) inhibition (70f) 
of transfer from PAPS to CHS-A and C, in contrast to a sulfate 
(0.02 M) stimlation (25%) of transfer for CHS-B. In such ex- 
tracts, CHS-B-kinase was stimlated 2.5-fold by 0.005 M MgCle 
and 4.6-fold by 0.01 M CaClp, but CHS-A- and C-kinases were 
only stimulated 0.5- and 1.3-fold respectively. It is obser- 
ved that heparitin sulfate acts as a good acceptor with ex- 
tracts of embryonic and other tissues. 
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067 CARBOHYDRATES 


Biochemistry 


LIMITING FACTORS FOR GLYCOGEN STORAGE IN TUMORS, Vijai N. 
* and Helen L. MacDonald”. Research Laboratories, 


‘ 


mtreal Cancer institute, Notre Dame Hospital, Montreal, 
da. 

Ttgt tumors exhibit lack of glycogen accumulation with 
high rates of glycolysis. Nearly normal activity is observ- 
ed for the enzymes of the Embden-Meyerhof scheme but little 
glycogen synthesis. Explanation for the latter behavior is 
based on the determination of a variety of enzymes involved 
in UTP regeneration, in the conversion of glucose to UDPG 
and finally to glycogen through glycogen synthetase. Walker 
256, sarcoma 37, AKR leukemia, Novikoff hepatoma and DBA 
nelanoma were used as neoplastic tissues with liver and mus- 
cle of the host and normal animals as controls. It was ob- 
served that tumor tissues exhibit a decreased amount of UDPG 
pyrophosphorylase (40-90% of control) and a much less active 
glycogen synthetase (10-30% of control). In some tumors 
phosphoglucomutase is also at a lower level, but phosphory- 
lase and pyruvate kinase register the same activity in tumor, 
liver, and muscle tissues. Also, UDPG dehydrogenase and 
glucosyl oligosaccharides are absent from tumors. These 
facts suggest that the activity of glycogen synthetase is an 
important limiting factor for glycogen storage. With a low 
level of this enzyme and normal phosphorylase activity the ra- 
pid glucose metabolizing tumor tissue cannot store glycogen. 


Biochemistry 


RELATION OF PHOSPHORYLASE TO GLYCOGEN LEVELS IN MUSCLE OF MICE 
dohn B. Iyon.* Dept. of Biochem., Bnory Univ., Atlanta, Ge, 
In the gastrocnemius and abdominal muscles of I strain mice 
glycogen levels are 2,2 and 1.4%, but in Cy7 strain mice they 
are 0.6 and 0.5% Phosphorylase activity was determined by 
the method of Cori in an attempt to account for these differ= 
ecese Total activity of the enzyme was only slightly lower 
in both muscles of the I strain, About 60% of the total acti~ 
vity was present in the active form in both mscles of the C 
strain, but an active form could not be demonstrated in either 
mscle of the I strain despite many changes in ental 
conditions. Preincubation of mscle homogenates with ATP, 
3!,5%=AMP, pyridoxal phosphate, pyridoxemine phosphate, or a 
combination of these would not effect a formation of the act~ 
ive form. Epinephrine, given subcutaneously, evoked incre~ 
nents of glucose and lactate in blood, and a glycogenolysis 
in both mascles of both strains, The amount of active form 
increased in both muscles of the C57 strain after epinephrine, 
and it increased more in gastrocnemius muscle where the degree 
of glycogenolysis was least. The active form could not be 
dmonstrated in either mscle of the I strain after doses of 
epinephrine from 0.2 to 2 mg/kg. The data suggest that the 
active form may not be required for glycogenolysis in muscle, 
(Supported by a Senior Research Fellowship, SF=382, and a 
Research Grant, A=3524, from the Public Health Service.) 


Biochemistry 


COMPARISON OF THE COMPOSITION OF SUBMAXILLARY AND BILE MUCINS 
FROM SEVERAL ANIMAL SPECIES. Y. Hashimoto*, S$. Tsuili* and 
WARD PIGMAN, Univ. of Alabama Medical Center, Birmingham, an? 
New York Medical College, N.Y. 

Mucins have been prepared from submaxillary glands ef 
cattle, dogs, rate and humans, Bile mucins were obtained from 
hmans, cattle and pigs. Human bile min was obtained by di- 
alysis of bile against water and veronal buffer (pH 8.6) and 
high speed centrifugation for 2 hrs, The precipitate formed 
vith cetyltrimethylammonium bromide was extracted with a 50% 
(fv) calcium chioride solution; the precipitate produced at 
30-70% ethanol (v/v) concentration contained the mucin. For 
cattle bile, the mucin was initially separated as a fraction 
precipitating at 30~43% (of saturation at 2 to 4°)ammonium 
silfate solution; Cetavlon was used as shown to purify the 
mein. Pig bile was fractioned by precipitation with calcium 
chloride (1% in final solution); the precipitate was ex- . 
tracted with 90% ethanol; the residue was extracted at 20 
vith phenolsethanol:water, 80:10:10 (v/v), the insoluble 
mein after washing with ethanol was highly purified. With 
the exception of bovine submaxillary mucin, the various 
mecins contained 20 to 30% protein, sialic acid, fucose, ge~- 
lactose and hexosamines. The bovine products had the great- 
est content of sialic acid. Generally, the fucose and sialic 
contents were inversely related. 









Nutrition 


CONTINUOUS- FLOW ELECTROPHORESIS FOR THE SEPARATION OF POLY- 
SACCHARIDE CONTAINING MATERIAL FROM BIOLOGICAL SOURCES. 

0. Gabriel* and C. Pallavicini.* Coll. of Phys. & Surg., 
Columbia Univ., New York and Nat'l. Insts. of Health, 
Bethesda, Md. 

Continuous-flow electrophoresis on glass fiber sheets has 
proven to be useful for the separation of glycoproteins, 
(Arch. Biochem. 86, 155, 1960). In the presence of increasing 
amounts of protein, however, there is a marked interaction 
with the glass fiber which diminishes the resolving power of 
the system. A plexiglass cell permitting the use of inert 
supporting media has been constructed to overcome this dif- 
ficulty. The apparatus containing a built-in cooling system 
has been designed to fit commercially available continuous- 
flow equipment. Employing polyvinylchloride as the supporting 
medium, the cell has been used successfully for the separation 
of nondialyzable urinary polysaccharide-protein complexes. 

The results obtained as well as other applications of the 
method will be discussed. 


066 CARBOHYDRATES—Metabolism—Small cycles 


Biochemistry 

THE a-GLYCEROPHOSPHATE CYCLE IN HAMSTER LIVER: PROPERTIES OF 
THE ENZYMES INVOLVED. Edward I. Ciaccio* and Doris L. Keller* 
The Merck Institute for Therape search, way, N. Je 

The oxidation of DPNH by well-washed hamster liver mito- 
chondria is stimulated by catalytic quantities of a-glycero- 
phosphate (a-GP) or dihydroxyacetone phosphate (DHAP) without 
the need for addition of external DPi-linked a-GP 
genase (GPDH). These results suggest that in hamster liver, 
both enzymes of the a-GP cycle are located within the mito- 
chondria. The oxidation of a-GP through the flavoprotein 
rather than through the DPN-linked enzyme is indicated by the 
sensitivity of the cycle to antimycin, but not to amytal. The 
production of large quantities of a-GP from DHAP and DPNH 
anaerobically in the presence of amytal indicates the presence 
of a DPN-linked a-GPDH. This enzyme is present in excess over 
the flavoprotein-linked oxidase even after extensive washing 
of the mitochondria to remove the soluble cytoplasmic enzymes. 
The comparative properties and relationships of the enzymes in 
hamster liver involved in the a-GP cycle will be discussed. 
(Supported by CCNSC, NCI, NIH Contract No. SA-k3-ph-1886. ) 


067 CARBOHYDRATES—Photosynthesis 
Biochemistry 


DARK INCORPORATION OF C140,, ACETATE-1-C14 AND ACETATE-2-cl4 
INTO STARCH GLUCOSE OF PYRENOIDOSA. Paul K. Kindel* 
and Martin Gibbs. Dept. Biochem., Cornell Univ., Ithaca, N.Y. 

Starch glucose formed from C1402 during photosynthesis is 
asymmetrically labeled, C-4>C-3 >>) C-l=C-2 > C-5=C-6 (Proc. 
Nat. Acad. Sci. U.S. 43, 466 (1957)). This work was extended 
to determine if asymmetry in the glucose is a light-dependent 
event. It was found that Cl40, given for 1 and 3 hrs. to 
starved, glucose-respiring cells gave a similar labeling pat- 
tern. Acetate-1-cl4 given for 0.5 and 2 hrs. to unstarved or 
starved cells also gave a similar asymmetrically labeled glu- 
cose. Acetate-2-cl4 given for 0.3 and 2 hrs. to starved cells 
in the presence of KOH gave C-1=C-2=C-5=C-6 >>) C-4)C=-3. In 
the absence of KOH, the specific activity of C-4 became approx 
imately equal to C-1, C-2, C-5, C-6 while C-3 remained the 
lowest. It is concluded that light is not necess for the 
formation of asymmetrically labeled glucose from C1405. In 
the dark, the labeled acetates are apparently incorporated 
into glucose by two superimposed over-all mechanisms; a rapid 
one involving the TCA cycle and glycolytic pathway yielding 
symmetrically labeled glucose and a slower operating carbon 
cycle which causes asymmetry. (Supported by grants from the 
National Science Foundation and the U.S. Air Force.) 








Biochemistry 


KINETICS OF THE PHOTOCHEMICAL REDUCTION OF THE PLANT 
QUINONE Q-255. Norman I. Bishop*, Dept. Biol. Science, 
Fels Fund, Florida State University, Tallahassee, Florida. 

The diminished photochemical activity of petroleum ether ex- 
tracted chloroplasts can be restored by the endogenous quinone 
of chloroplasts. We assume therefore that the quinone acts as 
a catalyst which is reduced in the light and subsequently oxi- 
dized by some Hill reaction oxidants. New experiments have 
shown that the endogenous quinone (Q-255) of chloroplast pre- 
parations from peas, spinach and collards suspended in a 
medium of 0.25M sucrose - 0. 015M KCl - 0.075M phosphate 
buffer (pH = 6.5) becomes reduced upon illumination. This 
reduction proceeds just as fast in air as in nitrogen, but dark 
reoxidation is somewhat faster in air. Complete reoxidation 
occurs immediately upon the addition of 3 x 10-3M potassium 
ferricyanide or 2 x 107-4mM dichlorophenol-indophenol. The rate 
of reduction of the quinone (50.2yM/hr.-mg.Chlorophyll) is 
more than adequate to account for the overall rate of reduction 
of potassium ferricyanide (92. 74M/hr. -mg. Chlorophyll). Addi- 
tional kinetic studies on the influence of various factors known 
to affect the photochemical activity of chloroplasts (such as 
u. v. irradiation, specific poisons, and factors normally used 
for catalyzing photophosphorylation) will be presented. 

(This work is supported by a grant from the U. S. Atomic 
Energy Commission) 


Biochemistry 


CATALYSS OF PHOTOPHOSPHORYLATION BY ALLAGO- 
CHROME. A.R. Krall and Helen H. Habermann® Univ. of 
Miami School of Medicine, Miami, Fla. and Goucher College, 
Baltimore. 

Allagochrome is a blue green protein that can be isolated 
from sunflower leaves or seeds. On reduction with ascorbate 
or reduced cytochrome c, it turns yellow. It is reoxidized 
quickly in air and might therefore be termed a "cytochrome 
oxidase". Using concentrations which give maximal rates 
allagochrome is about 50% as effective as phenazine metho- 
sulfate, the best catalyst known so far. If a molecular 
weight of 100,000 is assumed, the protein will give the same 
rate of phosphorylation at ©.0006 micromoles/ml. as phena- 
zine methosulfate gives at 0.004 micromoles/ml. The 
phosphorylation is inhibited by flushing the reaction mixture 
with nitrogen and showed rapid oxygen exchange when this 
was followed mass spectrometrically. Allagochrome is 
probably the in-vivo catalyst of photosphorylation. 


Supported by N.1.H. grants RG-5583 (cl) and RG-7659 and by 
NSF grant G8972. 





Bicchemistry 


PHOTOPHOSPHORYLATION CATALYZED BY CHLOROPLAST FRAGMENTS PRE- 
PARED BY SONIC OSCILLATION. A, R. Schulz.* Department of 
Biochemistry, Oklahoma State University, Stillwater, Oklahoma, 

When spinach or Swiss-chard chloroplasts are subjected to 
sonic oscillation for two minutes, chloroplast fragments are 
obtained which do not sediment at 40,000 x g but do sediment 
at 105,000 x g. These fragments catalyze photophosphorylation 
in the presence of ADP, Mgt, inorganic phosphate, ascorbate 
and phenazine methosulfate at an initial rate of 250 to 400 
pmoles of ATP formed per milligram of chlorophyll per hour, 
This rate is constant for only 10 to 12 minutes and phospho- 
rylation ceases soon thereafter, Phosphorylation does not 
take place in the absence of ascorbate, Maximum stimulation 
is obtained at an ascorbate concentration of 5x 10°> M, At 
higher concentrations ascorbate is inhibitory. Iso-ascorbate 
at a concentration of 3.3 x 10°* M can replace ascorbate, and 
is not inhibitory at higher concentrations. Adenosine di- 
phosphate is the only nucleoside diphosphate which serves as 
the phosphate acceptor with these fragments. 





068-100 CARDIOVASCULAR § 


Biochemistry 
GLYCOLATE FORMATION FROM FRUCTOSE-6-P BY CELL-FREE PREPARATION 
J.W.Bradbeer* and Efraim Racker.Public Health Res. Inst.N.Y.¢, 


Crystalline transketolase was found to catalyze the form. 
ation of glycolate from fructose-6-P in the presence of ferri. 
cyanide (5mM). COp liberated from bicarbonate buffer during 
this reaction was measured manometrically and glycolate was 
determined chemically. Three moles of C02 were liberated for 
each mole of glycolic acid produced. COp liberation proceeded 
linearly with time and the rate was proportional to the amount 
of transketolase added (1-6 units). No effect of light on this 
reaction was observed. With a mixture of xylulose-5-P, 
ribose-5-P and ribulose-5-P transketolase also formed glycolate 
in the presence of ferricyanide whereas the formation of sedo. 
heptulose-7-P was strongly inhibited by ferricyanide. These 
experiments suggest that the active glycoaldehyde-transketolage 
intermediate can be oxidized to glycolate in the presence of 
ferricyanide. 

Spinach chloroplasts were observed to form glycolate fron 
fructose-6-P in the absence of ferricyanide. The reaction was 
stimulated by light. a-hydroxy-2-pyridinemethanesulfonate, a 
specific inhibitor of glycolic oxidase (Zelitch, J. Biol. Chen, 
234, 3077, 1959) increased the yield of glycolate. Preparations 
of chloroplasts broken by suspension in 0.05 M buffer or 
sonication also produced glycolate from fructose-6-P. The 
chloroplast preparations were found to contain transketolase. 





Biochemistry 


QUINONES IN SOME PHOTOSYNTHETIC SYSTEMS. R. C. Fuller and 
R. M. Smillie*, Brookhaven Nat. Lab., Upton, N. Y. 
Representatives of the coenzyme Q group have been shown to 
function in the respiratory electron transport pathway of a 
wide variety of plant, animal and microbial cells. A closely 
related compound, plastoquinone (PQ), may function in electron 
transport associated with photosynthesis (Bishop, N.I., Proc. 
Natl. Acad. Sci. 45, 1696 (1959); Crane et al., Biochem. 
Biophys. Res. Comm. 3, 37 (1960)). PQ appears to be localized 
in the chloroplast. The following work was undertaken to 
further investigate the respective roles of these compounds in 
photosynthesis. Compounds with properties similar to PQ and q 
have been isolated from green ena. These cells were 
treated with streptomycin to produce a strain lacking chloro- 
plasts. Q but not PQ was found in the bleached cells. Photo- 
chemically functional chromatophores of Chromatium and pig- 
mented particles of Chlorobium contain several types of qui- 
nones. Chromatium chromatophores contain vitamin K and co- 
enzyme Q but no PQ. Chlorobium particles are devoid of Q 
but contain a reducible compound with an absorption maximum at 
254 m similar to PQ. The dissimilarity of the distribution 
of quinone compounds in the photochemical particles of 
Chromatium and Chlorobium and the existence of a plastoquinone- 
like compound in a non-oxygen evolving “pees bacterim 
will be discussed. (Supported by USAEC). 





068 CARDIOVASCULAR SYSTEM 
Physiology 


VENTRICULAR CONSEQUENCES OF ATRIAL CONTRACTION IN 
DOGS WITH COMPLETE HEART BLOCK, Edward W. Hawthorne. 
Howard Univ. School of Med., Washington, D. C. 

Atrial contraction during ventricular diastasis in dogs with 
complete heart block does not always produce a sustained in- 
crease in ventricular size. Each atrial contraction during the 
period of ventricular asystole, which follows sudden cessa- 
tion of ventricular "pacing", causes a change in ventricular 
circumference resembling an arterial pressure pulse. While 
the mean ventricular circumference during this period remains 
unchanged, the fluctuation of the ventricular circumference 
and the base to apex length indicated opening and closure of 
the A-V valve. Atrial contractions in intact, awake dogs were 
abolished by injections of epinephrine and by pressure on the 
carotid sinuses. Prior atropinization blocked these effects. 
These findings suggest, in the awake dog with complete heart 
block that 1) regurgitation of blood into the atria follows most 
atrial systoles, 2) that the A-V valve may open and close 
solely as a result of contraction and relaxation of the auricle, 
and 3) the presence of a "carotido-vago-=atrial" reflex govern- 
ing atrial contraction, 
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100 CARDIOVASCULAR SYSTEM 


Physiology 


ON HEART RATE OF TILTING AT DIFFERENT ENVIRONMENTAL 
(MPERATURES. John Fletcher” and Prank Cisdng. 
fhvironmental Physio roup, Défence Research Medical 
laboratories, Toronto, Canada. 

One hundred healthy young men, exposed at rest in a tilt 
table to an environmental temperature of 70 - 76°F at 85% RH, 
yre tilted passively for a period of 30 seconds each at 5 

ermined angles ranging from vertically head-down to 
vertically head-up. Heart rate was recorded continuously. 
Maximum heart rate was observed in the head-up position, and 
in Some subjects exceeded the minimum rate (head-down) by as 
little as 13 beats per minute. In others the difference was 
greater than 60 beats per minute, representing an increase of 
pare than 100%. It was found that at any given angle of tilt 
heart rate could be predicted from measurements in ) other 
positions. To determine the effect of environmental tempera- 
ture on postural adjustments of heart rate within individuals, 
| men were sed to temperatures in the range )5°F (85% HH) 
to 120°F (see BH). Differences between maximum and minimum 
heart rates for an individual in oy tilting experiment were 
greatest at 120°F and least at 4S°F, These results will be 
discussed in relation to an hypothesis that major blood 
redistribution is responsible for the observed changes in 
heart rate. 


Physiology 


THE RELATIONSHIP OF HEART RATE TO RESPIRATION - EXCEP- 
TIONS TO THE LAW OF SINUS ARRHYTHMIA. Jorge Perez-Cruet* 
and W. Horsley Gantt. V.A. Psychophysiological Lab- 
oratory, Perry Point, Md. 

The relation between respiration and heart rate was 
investigated in normal, healthy adult dogs. The rhythm- 
ical change in heart rate which normally accompanies the 
respiratory rate (sinus arrhythmia) persisted even when 
there was marked acceleration of respiration due to 
panting, action of drugs, or modification or respiratory 
rate through conditional reflexes, effect of "Person", 
etc. Thus there seems to be a fluctuation of heart rate 
on the pattern of normal respiratory rate, but the heart 
rate fluctuation continues in many instances when the 
respiratory rate changes rapidly. Sinus arrhythmia shows 
arythmical heart rate fluctuation parallel to a former 
pattern of respiratory rate but is unaltered during 
rapid changes of this rate. Respiratory rate determines 
fluctuation of heart rate under usual conditions, and 
this usual pattern is impressed on the heart rate in 
preference to a fluctuation based on a sudden alteration 
of respiratory rate. 


Pharmacology 


THE EFFECT OF RESERPINE ON THE CARDIOVASCULAR RESPONSE TO 
SKOKING. T. C. Westfall* and D. T. Watts, Dept. of Pharmacol., 
¥. Ya, Univ. Med. Cent., Morgantown, W. Va. 

Roth has shown that the blood pressure and pulse rate are 
increased and the skin temperature of the extremities is de- 
creased when normal subjects smoke two-thirds of two cigar- 
tttes during a period of about 15 min. (Roth, G.M., Tobacco 
ind The Cardiovascular System, Thomas, Springfield, I1l., 
1951). This standard smoking test has been performed on Uni- 
versity students before and after treatment with reserpine 
(0.25 mg deily) to determine the effect of reserpine on the 
cerdiovascular responses to smoking. Blood pressure, pulse 
tate, finger and toe temperature changes were recorded before 
md during the smoking test in untreated students and after 
the administration of reserpine for 14 days. The maximum 
change from control valves in 10 untreated students and after 
14 days reserpine respectively along with "p" values for the 
tifferences were as follows: systolic blood pressure in mmHg 
+17, +8, p<.001; diastolic blood pressure in mmHg +14, +7, p 
€.001; pulse rate in beats/min +27, +13, p<.001; finger 
temperature in °F -6.4, -4.0, p<.1; toe temperature in °F 
2.7, -4.2. The results show thet the characteristic increase 
{n blood pressure and pulse rate and decrease in finger and 
toe temperature due to smoking is reduced by pretreetment with 
Teserpine. (Supported by a grant from NIH 2G-76(C2). 
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Pharmacology 


A POSSIBLE ROLE OF DOPAMINE IN CARDIOVASCULAR 
“RESERPINE REVERSAL." L. G. Eltherington.* University of 
Washington School of Medicine, Seattle, Washington. 
Administration of reserpine to anesthetized dogs and cats 
results in a net reduction of mean arterial pressure (MAP). 
Pretreatment of these two species with various agents such 
as cocaine, tetraethylammonium, pheniprazine and structurally 
related sympathomimetic amines, followed by reserpine re- 
sults in a marked increase in MAP of long duration. This phe- 
nomena is called “cardiovascular reserpine reversal" (CVRR). 
Eltherington and Horita (J. P. E. T. 128; 7, 1960) proposed 
that dopamine (DA) may play a role in this reversal mechanism. 
Dopamine, which is a pressor agent in intact anesthetized 
dogs and cats, elicits a decrease in MAP in anesthetized rab- 
bits and guinea pigs. In these species CVRR is either very 
small and transient or absent after pretreatment with the above 
mentioned agents. Data will be presented which add further 
support to the concept that DA may play a major role in the 
mechanism of CVRR. (Supported in part by a grant from Initia- 
tive 171, State of Washington.) 


Pharmacology 


INFLUENCE OF MAO INHIBITORS ON THE ADRENAL MEDULLARY RESPONSES 
TO CHEMICAL STIMULATION. * and John Aycock* . 
Med. College of South Carolina, Charleston, S.C. 

Injection of small quantities of nicotine, potassium and 
tetramethylammonium bromide (TMA) into the thoracic aorta has 
been shown previously to produce increments in heart contrac~- 
tile force and arterial blood pressure. These responses are 
thought to be due to direct stimulation of the adrenal medul- 
lae. (JPET 116:351, 1956.) In this study the influence of 
several MAO inhibitors on the adrenal responsiveness to nico- 
tine (5 microgms/kg), TMA (30 microgms/kg) and KCl (2 mg/kg) 
was determined. Experiments were carried out in vagotomized 
open chest dogs. Contractile force and arterial blood pres- 
sure were determined by methods previously reported (AJP 187: 
122, 1950). The adrenal response to nicotine was substantial- 
ly inhibited or blocked by the intra-aortic injection of iso- 
carboxazid (50-100 mg/kg) and RO1025 (60-70 mg/kg) while the 
responses to potassium and TMA were not consistently inhibited 
by these drugs. Iproniazid (300 mg/kg) and nialmide (70 mg/kg) 
only slightly inhibited the nicotine response while the ef- 
fects of vagal stimulation were not influenced by any of these 
MAO inhibitors. (Supported by United Health and Medical 
Research Foundation of S.C.) 


Pharmacology 


CARDIOVASCULAR RESPONSES TO ERGOMETRINE AND HYPOXIA IN NORMAL 
AND FAT-FED RABBITS .D.R.Varma* and K.I.Melville. Dept .Pharm- 
acology, McGill Univ., Montreal, Canada. 

The ECG (Leads 2 and V) and blood pressure changes induced 
by hypoxia (inhalation of 90% N2 and 10% 02) have been studied 
in normal rabbits and rabbits maintained on high-fat-choleste- 
rol diet. During hypoxia greater ST-T depression ensued in 
fat-fed animals as compared with normal, although the duration 
of hypoxia necessary varied in both groups. In fat-fed rabbits 
ergometrine maleate (0.05 mg/kg IV) induced only slight ST-T 
depression but when given after 5 to 10 mins. of hypoxia, in- 
variably resulted in marked ST-T depression (1 to 5 mm), This 
effect appeared in 1 to 5 mins. and continued under hypoxia 


(GO mins. maximum) and was readily reversed by placing the an- 


imal in room air or oxygen but not counteracted by glyceryl- 
trinitrate (0.2 to 0.8 mg/kg IV). The slight ST depression in 
duced by ergometrine alone is readily overcome by similar dos- 
es of glyceryltrinitrate. Since hypoxia alone induces coronary 
dilatation it is likely that ergometrine enhances myocardial 
anoxia by coronary constriction. It is concluded that a combi- 
ned ‘Anoxia-Ergometrine' test might be useful in detecting 
early coronary insufficiency. The problem is being further 
studied.( Supported by a grant from the Quebec Heart Foundation 
and a Quebec Health Grant.) 





Pharmacology 


PHARMACOLOGIC CHARACTERIZATION OF THE CARDIOVASCULAR RESPONSES 
TO XANTHIOL. M. Finkelstein, K. Delaney*, C. W. Scott* and S. 
Miknius*. Dept. of Macrobiology, Medical Research Laborato- 
ries, Chas. Pfizer & Co., Inc., Groton, Conn. 

Intravenous xanthiol (2-chloro-10-(3-1-(3-hydroxypropyl)-4- 
piperazinyl propyl) thiaxanthene -2HC1) induced transient 
vasodepression, increase in heart rate and adrenergic blockade 
in anesthetized animals. Anticholinergic and entihistaminic 





activity was observed in both in vivo and in vitro experiments. 








Contractions of nictitating membrane induced by epinephrine, 
nor-epinephrine and electrical stimulation of pre- and post- 
ganglionic sympathetic fibers were depressed. In spinal cats 
the pressor response to either single injections or constant 
infusion of nor-epinephrine was decreased. Close intra-arte- 
rial injections induced an increase in femoral blood flow with 
a reduced peripheral resistance at a dose of 5 yg., but no 
change was observed in cerebral flow at doses up to 0.1 mg. 
nor in coronary flow at doses up to 0.5 mg. A prolonged nega- 
tive inotropic effect was preceded by a transient positive 
action in the intact anesthetized dog. Xanthiol decreased the 
contractile force of isolated cat-heart papillary muscles but 
had little effect on irritability or epinephrine-induced posi- 
tive inotropic action or on epinephrine-induced automaticity. 
This and related pharmacology suggesting myocardial and 
peripheral vascular sites of action will be discussed. 


Pathology 


Experimental Production of Mitral Stenosis in Rabb- 
its. H. Imai and R.M. O'Neal*, Washington Univ. 
St. Louis, Mo. 

Experimental obstruction of mitral valve was 
produced in rabbits by introducing a retention 
catheter into mitral orifice by inverting left 
auricle. Catheter was reinforced by a steel pin, 
which was securely sutured to chest wall. Balloon 
at catheter's tip was inflated at the 5th week. 
Eight rabbits were killed 10-14 weeks postop. and 
obvious obstruction of mitral orifice was found. 

No apparent effects on coronary vessels, vena cava 
or left ventricle were noted. Terminal right ventr- 
icular pressures as determined by venous catheteri- 
zation in rabbits with mitral stenosis averaged 
22/-1.2 mm Hg which was similar to 21.7/-4.6 for 
untreated controls. Although sustained pulmonary 
hypertension was absent, these rabbits had signifi- 
cant measurable hypertrophy of right ventricle. 
Eight rabbits died (average survival time, 1 Mo.) 
with signs of congestive failure. Supported by 

PHS Grant H-4089. 


Nutrition 


A COMPARISON OF THE CARDIOPATHIES OF CHOLINE DEFICIENCY AND 
POTASSIUM VEFICIENCY IN THE RAT. Paul M, Newberne* and WwW, D. 
Salmon. Dept. of Animal Husbandry and Nutrition, Agr. Exp. 
Sta. of Auburn University, Auburn, Alabama, 

Degenerative and proliferative changes were observed in 
coronary vessels and the myocardium of choline deficient rats. 
The earliest detectible change was an accumlation of lipid in 
the vessel walls and myocardial fibers. Intimal proliferation 
or frank necrosis of the vessel wall often followed, Thromb- 
osis and infarction were observed in some animals. Myocardial 
lipoidosis progressed to necrosis with lysis of myocardial 
fibers, most prominent in perivascular areas. Cellular infil- 
tration then occurred and resolution followed provided that 
the animal survived. The earliest changes observed in the 
myocardium of the potassium deficient rats were loss of stri- 
ation with hyalinization, Necrosis and cellular infiltration 
involving single fibers or the entire thickness of the ven- 
tricular wall occurred as the lesion progressed. In incipient 
stages there appeared to be an affinity for sub-endocardial 
and sub-epicardial areas. Lesions became diffuse as they pro- 
gressed, Histopathologic and histochemical alterations will 
be demonstrated with slides, (Supported in part by USPHS 
Grant H-2615). 
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069 CARDIOVASCULAR SYSTEM--Atherosclerosis 


Physiology 


CARDIOVASCULAR DISEASE IN AFRICAN PYGMIES; 
Joseph M, Merrill, George V. Mann, Oswald A, Roels, * 
and Donald Price,* VA Hospital and Vanderbilt University, 
Nashville, Tennessee, 

Heart disease was sought in 300 African pygmies by 
physical examination and a 12 lead electrocardiogram, Cages 
of hypertension, valvular, and congenital heart disease were 
found, Arterial pressure was usually normal with little eyi- 
dence for increase with age, Heart murmurs were heard in 
40% of females; 35% of males, Most murmurs were consid. 
ered functional but two cases of aortic incompetence were 
found, 6,5% of the pygmy electrocardiograms were not 
normal, This compares with 7,3% abnormal ECG's among 
healthy controls in the Framingham study and 3, 7% among 
Air Force men, More than half of the pygmy ECG abnor- 
malities were due to non-specific ST-T wave changes, Occa- 
sional intraventricular conduction defects and one instance of 
transient A-V dissociation were found, No unequivocable 
evidence for coronary artery disease was encountered in this 
clinical survey but in the absence of postmortem data its 
presence among pygmies cannot be excluded, 





Biochemistry 


THE THROMBOPLASTIN ACTIVITIES OF HUMAN ARTERIAL AND VENOUS 
TISSUE, John Esben Kirk, Div. of Gerontology, Washington 
Univ. School of Medicine, St. Louis, Mo. 

Determinations were made of the thromboplastin activities 
of the various layers of the aorta, pulmonary artery, and in- 
ferior vena cava. The activity measurements were made by a 
modification of Astrup's procedure with the use of reconstitu- 
ted lyophilized human plasma. The thromboplastin activities 
of the vascular samples were expressed in percentages of the 
average activity of the grey matter of human brain tissue, 
using the double logarithmic plot for the calculations. The 
mean thromboplastin activities found for the various layers of 
the aorta were: normal intima, 3.4; normal media, 2.8; adven- 
titia, 1.8. The activities of the fibrous-lipid arterioscle 
rotic tissue portions of the aorta were generally lower than 
that of the normal tissue, the mean values for the intima and 
the media being, respectively, 2.0 and 2.3. An extremely low 
thromboplastin activity (0.2) was observed for ulcerated ar- 
teriosclerotic tissue portions. The average values recorded 
for the vena cava layers were of the same order of magnitude 
as those found for the aorta (intima, 3.5; media, 3.0). In 
contrast to this, significantly lower thromboplastin values 
were observed for the intima (1.2) and media (1.4) samples of 
the pulmonary artery. (Supported by Grant No. 891 from the 
Public Health Service.) 


Pharmacology 


STUDIES OF BLOOD CEPHALINS. Martin M. Nothman and Samuel Proger} 
N. E. Center Hosp. and Tufts Univ. School of Med.,Boston,Mass. 

Cephalins may be important in the clotting mechanism, and 
hence in occlusive arterial disease and perhaps atherosclero- 
sis. Phosphatidyl ethanolamine and serine contents of plasma 
and red cells have been studied in (1) normal subjects, (2) 
patients with coronary heart disease and (3) patients with 
hyperlipemia and hypercholesterolemia. The method of Axelrod, 
Reichenthal and Brodie was used. In normal individuals, phos- 
phatidyl ethanolamine and phosphatidyl serine values in plasma 
average 5.1 mg% and 8.1 mg% respectively. These averages con- 
stitute about 2.5% and 4.3% respectively of the total plasma 
phospholipids. The red cell conterts of phosphatidyl ethanola- 
mine and phosphatidyl serine average 28.9 mg% and 21.3 mg% res 
pectively. They constitute about 13% and 9.9% respectively of 
the total red cell phospholipids. In patients with coronary 
heart disease and in patients with hyperlipemia and hypercholet* 
terolemia, the cephalins in plasma are two to three times a8 
high as in normal subjects. Expressed in percentages of total 
phospholipids, the amount is almost twice as high. In the red 
cells of patients with coronary heart disease, the values for 
cephalins are higher than in the red cells of normal individu- 
als, but only in proportion to the increase of the total phos 
pholipids in the cells. Expressed in percentages of total pur 
pholipids, the amount of cephalins in red cells is about the 
same as in normal individuals. 
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Pharmacology 


ETERMINATION OF THE MINIMUM DOSE OF NICOTINIC ACID FOR MAXI- 
4M SERUM CHOLESTEROL DEPRESSION. Philip Lisan,* Wilbur Oaks* 
ani Samuel Basch*, Hahnemann Med. Coll., ladelphia, Pa. 

large doses of nicotinic acid (1 to 6 gms./day) have gener- 
ally been used for lowering serum levels of cholesterol. This 
large amount of nicotinic acid, too frequently, gastro- 
intestinal disturbances, flushing, and over a long period of 
time, abnormal liver function. N-methylnicotinic acid is one 
of the metabolic products of nicotinic acid which is readily 
determined by fluorimetric measurement. Thus a correlation of 
the amount of nicotinic acid utilized with a significant chol- 
esterol lowering can be determined by quantitative analysis of 
pemethylnicotinic acid in the urine. This study demonstrates 
that smaller doses (1 gram or less) of nicotinic acid can be 
wed in various sustained action preparations to lower blood 
cholesterol, because the nicotinic acid is released and meta- 
polized slowly over an 8 to 10 hour period. By the above 
procedure the optimum dose of nicotinic acid can be readily 
determined in individual patients for maximum cholesterol 
lowering with a minimm of side effects. 





Pathology 

CHEMICO=PATHOLOGIC STUDIES IN GEOGRAPHIC PATHOLOGY: 
A QUANTITATIVE INDICATOR OF CORONARY ARTERIOSCLERO- 
§IS: A. Daoud, F. Goodale*, R. Florentin, Path. 
Dept., Albany Medical College, Albany, New York. 

Chemical analyses of blood and tissue lipids are 
being done in individuals known to have widely dif- 
ferent amounts of coronary arteriosclerosis. To make 
quantitative chemical procedures meaningful, a 
qaantitative indicator for coronary arteriosclero- 
sis is essential. We have developed a method using 
coronary wall thickness as the indicator since cor- 
onary arteriosclerosis usually results in thicken- 
ing and only in rare instances is thickening of the 
coronary walls due to other causes. Coronary ar- 
teries are sectioned at regular intervals and mul- 
tiple measurements made with calipers. Normal ap- 
pearing coronary arteries have a mean wall thick- 
ness Of approximately 0.25 mm. with increases up to 
400% with severe arteriosclerosis. Reliability 
tests between observers in 48 hearts showed an av- 
erage variation of only 7% (Supported by PHS 
Grants H-4791 and H-4130.) 


Pathology 


CHEMICO-PATHOLOGIC STUDIES OF DIETARY LIPIDS, THROM- 
BOSIS, AND CLOT=-LYSIS: DEMONSTRATION IN VITRO OF 
ANTI-LYTIC EFFECT OF EQUINE PLATELETS ON CLOTS MADE 
WITH RAT PLASMA, F. Goodale*, K.Alousi,R.F.Scott*, 
&W. A.Thomas*, Dept. Path. AlbanyMed.Coll.Albany, 

New York. 

In previous studies, we have demonstrated in vivo 
and in vitro anti-lytic and thrombogenic properties 
of certain high-fat diets fed to rats. In the cur- 
tent experiment, we have shown in vitro that con- 
centrated, equine platelet suspensions interfere 
with clot-lysis in a rat, whole-plasma system 
("lysis-times" of more than 120 min. compared with 
% for controls). We tested effect of heat on the 
anti-lytic property by heating platelets at.1000C 
for 30 min. and still found some interference with 
tlot-lysis ("lysis-times" 60 min. vs. 28). It is 


postulated, but not yet proved, that the anti-lytic 
Property may be due in part to a phosphatide in the 
Platelets and that a similar factor may be present 


in the blood of rats fed thrombogenic diets. 
(Supported by PHS Grants H-4727 and H-5189.) 





Pathology 


CHEMICO=-PATHOLOGIC STUDIES IN GEOGRAPHIC PATHOLOGY: 
QUANTITATIVE COMPARISON OF AMOUNT OF CORONARY ARTER- 
IOSCLEROSIS IN EAST AFRICANS VERSUS NEW YORKERS. 

R. Florentin, A. Daoud, R. F. Scott* & K. T. Lee, 
Path. Dept., Albany Medical College, Albany, N.Y. 

In geographic studies we are comparing various lip 
id constituents of blood and tissue in groups proved 
to have widely different amounts of coronary arter- 
iosclerosis. New Yorkers and East Africans were pos- 
sible candidates. Before beginning elaborate chemi- 
cal studies, it seemed essential to make direct com- 
parisons of hearts by quantitative methods. Hearts 
from 118 East Africans were sent to Albany and com- 
pared with 138 hearts of New Yorkers with results in 
groups matched for age and sex as follows:incidence 
of myocardial infarcts among East Africans 0%, ammg 
New Yorkers 29%; mean coronary wall thickness (used 
as a quantitative index of amount of arteriosclero- 
sis and measured with calipers) 0.32 mm. for East 
Africans compared with 0.50 for New Yorkers. 

(PHS Grants H-4791, H-4130) 


Pathology 


CHEMICO=PATHOLOGIC STUDIES IN GEOGRAPHIC PATHOLOGY: 
LACK OF CORRELATION OF FATTY ACID PATTERNS IN ADI- 
POSE TISSUE WITH AMOUNT OF CORONARY ARTERIOSCLERGES 
IN 57 AUTOPSIED NEW YORKERS. W.A.Thomas*,R. Scott*, 
& A.Daoud,Dept. Path.,Albany Med.Coll.Albany, N.Y. 
As part of a study designed to compare lipid com- 
ponents in groups with differing amounts of coron- 
ary arteriosclerosis, we have compared fatty acid 
patterns of adipose tissue in Cl2 and C18 range as 
determined by vapor phase chromatography, with a- 
mount of coronary arteriosclerosis, as determined 
by measurements with calipers. Despite other evi- 
dence that various fatty acids have differing bio- 
logic effects, this study failed to disclose any 
correlation between fatty acid composition of adi- 
pose tissue and either quantity of coronary arter- 
iosclerosis or presence of myocardial infarcts. For 
example, relative values for linoleic acid in adi- 
pose tissue of the 28 individuals with the most ar- 
teriosclerosis was 9.7% (range 4.2 to 16.6) compared 
with 9.4% (3.7 to 13.6) for the 29 with least. 
(PHS Grants H-4727, H-5189, and H-4130.) 


Pathology 


CORONARY ARTERIOSCLEROSIS IN ISOLATED, PAIRED, AND GROUPED 

CHICKENS. G. E. McKissick,*G. L. ru cenger Jr., *and 

H. L. Ratcliffe. Penrose Resear atory, Zoological 
ety 0 adelphia, and Department of Pathology, 

University of Pennsylvania. 

New Hampshire Reds and Single-comb White Leghorns, on @ 
diet that contained 5% fat and 25% protein, were held in 
brooders for 5 weeks, then separated randomly as individuals, 
pairs (é¢), and mixed groups (4é??) with equal floor space 
per bird, and autopsied at from 9 to 2h weeks of age. 
Coronary arteriosclerosis (intimal thickening with or with- 
out medial changes) had developed in grouped és??, within 9 
weeks but apparently progressed slowly. Usually lesions 
were more pronounced in éé, especially after sexual maturity, 
19-22 weeks. Coronary lesions in éé of pairs apparently 
developed at about the same rate as in grouped é¢, but 
seemed to have developed more slowly in the isolated birds. 
(Supported by Grant H-1979 (C6) National Heart Institute.) 


Pathology 


EFFECT OF I.V. GLUCOSAMINE-HCL ON THE AORTAS OF NORMAL AND 
DIABETIC RABBITS. Gordon R. Hennigar and Harvey P. Katz.* 
State University of New York, Downstate Medical Center, 
Brooklyn, New York. 

The elevation of serum hexoseamine levels in diabetes 
mellitus is considered to be associated with its vascular 
degenerative complications. To study the effect of this 
elevation, the determination of bound and free hexoseamine 
was performed on normal and diabetic rabbits, and, employ- 
ing controls, a 20% solution of a(/) glucosamine HCl was 
injected intravenously (.6 gm/kg) in normal, diabetic, 
and cholesterol fed rabbits. At autopsy, the aortas were 
studied by gross and histochemical stains. A lesion, 
involving intima and media, was observed in 70% of the 
animals receiving glucosamine, and in 20% of the controls, 
being as common in diabetic as in non diabetic animals. 
The lesion is lipid free, staining for acid mcopoly- 
saccharide, and exhibits fibro-elastic proliferation and 
incrustation of elastic fibers with some calcification. 
Most marked involvement appears in the arch of the aorta, 
and the minimal inflammatory reaction together with the 
absence of giant cells differentiates this from a similar 
lesion reported to occur spontaneously in 10% of normal 
rabbits. Supported by Grant #4-2105 from National Institutes 
of Health, Bethesda, Maryland. 


Nutrition 
FACTORS IMPLICATED IN CARDIOVASCULAR DISEASE IN IRISH-BORN 
MALES IN IRELAND AND BCSTON. Mary B. McCann, Robert E. 
Clancy*, Martha F. Trulson and Fredrick J. Stare. Harvard 
School of Public Health, Boston, Massachusetts. 

Irish-born Greater Bostonian males 30 to 65 years of age 
and their brothers living in Ireland are being studied in re- 
lation to a number of environmental factors believed to be 
associated with cardiovascular disease in a cooperative ven- 
ture between the Department of Nutrition, Harvard School of 
Public Health and the Departments of Social Medicine at the 
University of Dublin and the National University, Dublin. 











Data obtained include = family history, medical history, physi- 


cal examination, skinfold and various other anthropologic 
measurements, occupation and activity record, 12 lead electro- 
cardiogram, dietary information, smoking and alcohol consump- 
tion data, qualitative urine analysis for albumen and sugar, 
and serum cholesterol measurements. It is planned to study 
approximately 500 Irish-born Bostonians an¢ their brothers 
living in Ireland. This is a preliminary report of some ob- 
servations (serum cholesterol, body weight, blood pressure, 
dietary habits, smoking and alcohol consumption) in 230 men in 
the Boston sample. Dietary information from the first 50 sub- 
jects seen in Ireland is compared with that of their brothers 
in Boston. 
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Experimental 


EXPERIMENTAL PRODUCTION OF THROMBO-ATHEROSCLEROSIS. Sanford 
0. Byers and Meyer Friedman. Harold Brunn Institute, Mount 
Zion Hospital and Medical Center, San Francisco, California. 
A thrombus of standerd size may be induced in the arterial 
system by insertion of a ZnCl. treated 98% Mg.-2% Al. wire 
coil or by polyethylene tubing. In rabbits, production of 
such a thrombus invariably led to the formation of a morpho- 
logical facsimile of a human coronary plaque. In normolipemic 
rabbits these plaques were of pathologically significant size 
despite absence of lipid. In the presence of hyper- 
lipemic plasma the experimental plaque accumulated lipid in 
sites which simulated exactly the distribution of lipid ob- 
served in the human atherosclerotic plaque, primarily in the 
basal areas. Lipid accumulated only when hyperlipemia oc- 
curred during a period of active intimal hyperplasia: No ex- 
cess lipid entered the old healed plaque. Most of the stain- 
able lipid present in the mature experimental plaque arises 
neither from the initial thrombus nor from the luminal blood. 
The above findings contrast with those in the spontaneous 
atherosclerosis developing in the aortic arch of the same ani- 
mals. Here stainable lipid was directly subendothelial, not 
deep, nor was lipid accumulation sharply limited in space or 
time. The work suggests that the human plaque may arise 
following any discontinuous stimulant of intimal hyperplasia, 
whether thrombotic, hemorrhagic, physical or chemical. 


Physiology 
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Physiology 


THE ORIGIN OF CHOLESTEROL AND CHOLESTEROL ESTER OF RABBIT 
ATHEROMA. H. A. I. Newman* and D. B. Zilversmit. Div, 
Physiology, University of Tenn., Memphis, Tenn. 

The experiments were designed to establish the origin of 
aortic cholesterol and cholesterol ester and the rate of 
their accumulation in atheromatous lesions. Rabbits were 
fed 1% cholesterol-l-cl4 for 21 to 87 days. If significant 
intimal synthesis occurred, the specific activity of the 
intima would have been much smaller than that of plasma. 4 
comparison of intima-to-plasma specific activity ratios 
shows that in experiments carried out for sufficiently long 
duration the specific activities of intima cholesterol and 
cholesterol ester are about the same as the mean specific 
activities of the plasma cholesterol fractions. Therefore, 
the contribution to the growth of the plaque cholesterol 
from synthesis in situ is negligible, and the excess chol- 
esterol in the lesion is primarily derived from plasma, 
The rate of cholesterol deposition into the arterial wall 
was determined by pre-feeding unlabeled cholesterol for 
about 3 —~ and then placing the rabbits on a 1% choles- 
terol--Cl4 diet for 2-21 days. (Supported by a grant from 
USPHS, H-2181.) 








Physiology 


PRODUCTION OF TEROMBOSIS IN ATHEROSCLEROTIC ARTERIES. 
P.Constantinides and R.N.Chakravarti*.Anatomy Dept., University 
of British Columbia, Vancouver, B.C., Canada. 

Advanced atherosclerosis with pearly plaques exhibiting 
thick hyaline capsule, gruel and calcifications as well as a fair 
incidence of intraplaque capillarisation, hemorrage and necrosis 
was produced in 62 rabbits by means of the "doutle lipemic e 
sure" technique. Agents causing a) atheroma injury (Tloaterelhy’ 
b) changes in blood coagulation mechanisms (low dosage Russel 
Viper Thromboplastin) and ¢) pressor and depressor hemodynamic 
effects (Adrenalin, Ecolid) were subsequently given to these 
severely atherosclerotic as well as to 48 normal animals. These 
3 types of agents were applied singly, in pairs, or as triple 
combination, employing a separate rabbit group for each of the 7 
possible permutations. Large mural aortic thrombi and coronary 
thromboses (with fresh myocardial infarcts in some cases) de=- 
veloped in 7 animals, 6 of which were exposed to the combined 
action of all 3 above factors. Thrombosis occurred in the pres 
ence of a pressor as well as a depressor hemodynamic effect and 
was greatly favored by the existence of severe atherosclerosis. 
In most instances, the thrombi were induced over ruptured, 
necrotic or hemorragic plaques. It is concluded that thrombosis 
can be elicited in the atherosclerotic aorta and coronaries of 
living rabbits by the synergism of systemically induced mural 
injury, blood coagulstion and blood pressure chance. 


Physiology 


INFLUENCE OF THIPARANOL(MER=29) ON EXPERIMENTAL ATHEROSCLERO- 
SIS OF CHOLESTEROL-FED COCKERELS. H.Y.C.Wong, F,Farrow,R.Shim 
D,VonEndt*and F.B,Johnson," Dept. of Physiol sto ward Univ Schook 
of Med, and Armed Forces Insts. of Path., Washington, D.C. 

It has been reported by Blohm (Arch,Piochem.& Biophys. 85! 
250, 1959) that Triparanol(MER-29) has an effect in lowering 
blood cholesterol in rats. The present study was undertaken 
to determine the influence of MER-29 on the blood cholesterol, 
phospholipids, and the severity of atherosclerosis of choles 
terol-fed cockerels, Forty-six ten week old White Leghorn 
cockerels were used in the experiment. They were divided into 
the following groups: I. Controls on plain mash; II, Plain 
mash plus 12.5 mg/kg of MER-29; III. Plain mash plus 25 mg/kg} 
IV. Cholesterol-fed cockerels only; V. Similarly treated as IV 
with the exception of administration of 12.5 mg/kg; and 
VI. Birds similarly treated as 1V with the exception they were 
treated with 25 mg/kg of Triparanol., At the end of ten weeks 
the following results were obtained: (1) There were no signi- 
ficant differences in the body weight, blood cholesterol or 
phospholipids of any of the groups studied whether on plain 
mash or an "atherogenic" diet of 2% cholesterol and 5% cotton- 
seed oil treated with Triparanol or not. (2) Triparanol did 
not seem to reduce the incidence of aortic atherosclerosis of 
the cockerels on an "atherogenic" diet. Histological sections 
of the aorta and coronary vessels will be presented. (Supported 
by Natl.Heart Inst. #H+2420, Amer.Heart and Kerr Chickeriess) 
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Physiology 
piFeCTS OF ADRENALINE CHLORIDE ON BLOOD CHOLESTEROL OF COCK 
WRELS FED AN ATEEROGENIC DIET. T,F, Johnson*, HaYeC, Wong, 

5, Sampson*, FM, Farrow*, R.Y. Shim*, Depts. of Physiol. 
amt Howard Univ. Sch. of Medicine, Washington, D.C. 
Investigations have been reported that exercise lowers 
tlod cholesterol in animals and man, However, the mechanism 
jsnot clearly knom, The investigation was undertaken to de- 
termine the effects of adrenaline on blood cholesterol and its 
ssible role in the hypocholesterolemic mechanism of exercise 
ixperimental cockerels were fed an "atherogenic diet", One 
of the groups was injected daily with 2 c.c. (1:1000,1 cc/mg) 
of adrenaline chloride for a period of eight weeks. A third 
qoup was maintained on a plain mash, Weekly blood specimens 
gre taken for cholesterol, phospholipids and lipoproteins de- 
teminations. No significant differences were found in the 
atove determinations in cockerels on an “atherogenic diet", 
jverage final body weight of the epinephrine-treated cockerels 
ws considerably less than the "atherovenic" group not re- 
ceiving adrenaline, Liver cholesterol and organ/body weight 
rtios (adrenals, thyroid, testes, liver, spleen and heart) 
wre compared in the three groups. Aortic atheroma was found 
in 866 and 81% of the treated and non-treated "atherogenic" 
sckerels respectively. Histological data of the aorta and 
sronary vessels will be presented and discussed, ( Aided by 
itl, Heart Inst., #H-2420 (Cz). ) 


Physiology 


soOcIAL MILIEU AND ATHEROSCLEROSIS IN COCKERELS. 
Rk. Pick and L. N. Katz. Cardio. Dept., Michael 
Reese Hosp. and Med. Center, Chicago, I11l. 

Emotional factors have been implicated in 
the pathogenesis of atherosclerosis and/or its 
sequelae. Three sets of experiments were under- 
taken to evaluate disturbances of living condi- 
tions on this disease. Cockerels were used be- 
cause they form a social (pecking) order much 
like man. All animals were fed an atherogenic 
diet. Either, birds were shifted into cages 
containing other birds (disturbing the pecking 
oder) or the cages (with ten birds per cage) 
vere put in an isolated room. Disturbing the 
pecking order produced masculinization, while 
the hypercholesterolemia and aortic and coro- 
ary sclerosis were similar to the controls. 
Isolation, however, produced highly neurotic, 
sexually immature, birds with similar hyper- 
tholesterolemia and increased atherosclerosis. 
Isolated birds also showed delayed regression 
ifiter cessation of cholesterol feeding. Appar- 
etly, such environmental factors do influence 
th production and regression of atherosclero- 
sis, 





Physiology 
WWECT OF IMMUNIZATION ON SERUM LIPIDS, PROTEINS, AND ATHERO- 
SIEROSIS IN CHOLESTEROL-FED RABBITS. Seu) P. Baker, A. S. 
*, Paul B. Ssanto*, and Alvin Dubin®. Chicago Med. 
khool and Hektoen Institute, Cook County Hosp., Chicago, 111. 
Inhibition of atherosclerosis in rabbits induced by cho- 
lsterol feeding has been reported after prior immunisation 
ith beta lipoproteins from cholesterol-fed cocks. To further 
alore these observations, polyvalent anti-human beta lipo- 
fotein rabbit antiserum and polyvalent human beta lipoprotein 
ttigens were used for passive and active immunization, re- 
mectively, in rabbits. After 4 weekly injections, all rabbits 
(eth immunized and control groups) were placed on a 2 per cent 
tolesterol diet; maintained on this diet for 8 weeks; and then 
Werificed. Active immunisation produced increases in serum 
pam. globulin and per cent beta lipoproteins in 4 of 6 immu~ 
used rabbits on stock diet. Serum total lipids, lipid phospho- 
fs, total cholesterol, beta lipoproteins, and gamma glebulin 
td increased markedly in all rabbits when sacrificed. Hypo- 
Ubuminemia occurred in several rabbits in each group. No inhi- 
tion of atherosclerosis was observed. It is concluded that 
tive immunisation may increase the betatalpha lipoprotein 
ttio in rabbits, while not appreciably affecting total serum 
tolesterol or total serum lipids. The betatalpha ratio is 
fther accentuated by a 2 per cent cholesterol diet. (Sup- 
wrted by the National Heart Inst. and Chicago Heart Assoc.) 





Biochemistry 


COMPARATIVE STUDY OF CHRONIC ADMINISTRATION OF D- AND L-3,3! 5- 
TRIIODOPHYRONINE IN DOGS. Theodore Ellison? Edna C. Dick 
Edward J. Van Loon and Samel M. Greenberg. Smith Kline & 
French Labs., Phila., Pa. 

Groups of adult dogs (2 of each sex) on uniform diets 
were administered the following meg/kg dose levels/day for 21 
weeks: placebo (I), D-3,3',5-triiodothyronine 60 (II) and 2h0 
(III) and L-3,3',5-triiodothyronine (IV) and 16 (V). During 
the subsequent 10 weeks daily dosages of drugs for each group 
were doubled. Plasma total cholesterol volumes for first 21 
weeks were altered (%) from average base line of 215 mg.%: I, 
+1.53 II, -21.6; III, -25.2; IV, -2.6; V, -15.0. After drug 
levels had been doubled for 10 weeks final percentage altera- 
tion from original base lines in plasma total cholesterol were: 
I, +5.53 II, -20.73; III, ~33.0; IV, +5.7; V, -29.6. During 
first 21 weeks plasma phospholipids were reduced 32 and 35%, 
respectively, by II and III; dogs treated with IV and V showed 
no significant effect on plasma phospholipid levels. Among 
other tests were plasma alkaline phosphatases and bromsulfal- 
ein clearances which remained in the normal range throughout 
the experiment. Changes in PBI occurred only in V (devressed). 
Prothrombin clotting time, complete blood pictures and urine 
analyses remained unchanged for all groups throughout the ex- 
periment. At autopsy, after 31 weeks of treatment, chemical 
analyses of aortas, ‘adrenals and livers showed no significant 
differences in total cholesterol or total lipid content. 








Biochemistry 


EFFECT OF DIETARY FATS AND MARINE OIL ¥RACTIONS ON 
CARDIOVASCULAR TISSUES. James J. Peifer* and W. 0. 
Lundberg. Hormel Institute, Univ. of Minn., Austin. 
Previous studies by Peifer et al. (Arch. Biochem. 
Biophys. 86:302,1960) established that linolenate, 
menhaden and tuna oils are very effective cholester- 
ol-depressant agents. Further studies were made of 
the effects of feeding butter, margarine, corn oil 
and marine oil fractions on tissue lipids of hyper- 
cholesteremic ruts. kesults show that cholesterol- 
depressant activities of tuna, menhaden and dogfish 
liver oils were due to their fatty acid components 
while their nonsaponifiables tend to aggravate the 
hypercholesteremic condition. All supplemental 
lipids promoted significant changes in higher poly- 
ene components of the myocardium and of the phospho- 
lipids from plasma and liver. Test lipids had less 
effect on cholesteryl ester polyenes. Studies sug- 
gest each tissue hus its own specific polyenoic 
acid requirements. Polyene concentrates from men- 
haden oil were most effective in reducing blood cho- 
lesterol, the TC/TP ratio in plasma and liver lipids. 
Lipid analyses by silicic acid microchromatoplates 
and GLC will be reported. 


Pathology 


CHEMICO=PATHOLOGIC STUDIES OF DIETARY LIPIDS, THROM 
BOSIS AND CLOT-LYSIS: EFFECT OF THROMBOGENIC DIETS 
AND THEIR MODIFICATIONS ON ADIPOSE TISSUE FATTY ACID 
PATTERNS OF RATS. R. F. Scott*, E.Morrison,E.Opalka. 
Dept. Path., Albany Medical College, Albany, N. Y. 

Using vapor phase chromatography, the fatty acid 
patterns of adipose tissue in rats fed an infarct- 
producing, 40% butter diet for a period of 42 to 67 
days were compared with those in rats fed a non- 
infarct producing, 40% corn oil diet, (both diets 
contained also propylthiouracil, cholesterol, and 
bile salts). The former diet caused a definite and 
rapid lowering of linoleic acid to a mean value of 
9% whereas the latter resulted in a striking and 
rapid elevation of linoleic acid in the adipose 
tissue to a mean of 46%. When linoleic acid at the 
10% level was added to an infarct-producing diet 
containing 40% butter, it prevented the decrease in 
linoleic acid in the adipose tissue that occurred 
with a 40% butter diet not supplemented with lino- 
leic acid, at least during the period of observa- 
tion. (PHS Grants H=-5189 and H-4727.) 





Pathology 


EXPERIMENTAL ATHEROSCLEROSIS IN THE RAT. THE PATHOGEN- 
ESIS OF THE EARLY LESION. W.J.S. Still* and Robert M. O'Neal, 
Washington University School of Medicine, St. Louls, Mo. 

Atherosclerosis of the aorta was induced in rats by a diet containing 
40% butter, 5% cholesterol and 2% sodium cholate. The development 
of the lesions was studied by the electron microscope to establish the 
probable sequence of changes which occurred in the aortic intima. The 
earliest changes (those minimal in degree) were widespread fatty vacuo- 
lation of endothelial cells together with the deposition in the subendo- 
thelial space of a granular-fibrillary material. This deposit widened 
the subendothelial connective tissue space which is present normally in 
the rat. Later (more advanced) lesions consisted of focal accumulations 
of fat filled macrophages in the subendothelial space. These macro- 
phages were frequently seen breaching the endothelium, lying partly 
within the subendothelial space and partly in the aortic lumen. They 
were also seen apparently clinging to the free surface of the endothelial 
cells. The appearance of the lesions suggests that foam cells reach the 
subendothelial zone by active penetration of endothelium and/or 
passive incorporation by endothelial overgrowth. (Supported by USPH 
Grant No. H-4089.) 





Pathology 


SULFA DRUGHYPERSENSITIVITY IN RABBITS AND EARLY 
ARTERIOSCLEROSIS. O. Saphir, M. Telischi*, and L. Oh- 
ringer*, Dept. of Pathology, Michael Reese Hospital and 
Medical Center, Chicago, Ill. 

Fifty young rabbits made hyperergic to sulfathiazole com- 
prise this study of aortic and coronary changes. Forty-two 
rabbits showed induced local skin reaction from slight red- 
ness and edema to necrosis and weal formation. Thirty-six 
rabbits survived for eightmonths. Thirty-one ofthese showed 
varying degrees of degenerative changes in the media with 
foci of inflammation of the adventitia and media, insudation 
(fibrinoid change) and intimal and periadventitial fibrosis. 
Changes were pronounced in small coronary artery branches. 
Intimal fibrosis with projection of fibrous plaques into the 
lumens of small arteries resembling arteriosclerosis was 
also noted as well as perivascular "onion-skin" rings. How- 
ever, of the control group, three rabbits showed similar 
changes: one received only sulfathiazole; another only adju- 
vant; and the third was untreated. It is believed that this 
study shows the role of inflammation in the production of in- 
cipient arteriosclerosis brought about by a hypersensitivity 
reaction due to a chemotherapeutic chemical. 


Pathology 


LIVER AND AORTA LIPIDS OF CEBUS MONKEYS. L. E. Frazier*, R.A. 
Rasmussen*, R. H. Hughes*, and R. W. Wissler. Department of 
Pathology, University of Chicago. 

Silicic acid and gas chromatography, scintillation spec- 
trometry and other methods were used in the quantitation of 
lipids from biopsy or terminal tissues of monkeys fed high-fat 
rations, as described in another abstract for this program. 
Total liver lipids increased above the baseline values as a 
result of feeding the high fat diets containing butter, 
coconut oil or corn oil. Liver ester cholesterol rose 
slightly and then fell in the butter and coconut oil groups 
but rose sharply in the corn oil group during the last 30 
weeks. Aortic free and ester cholesterol was highest in the 
coconut oil group. Cholesterol from the coconut oil group 
livers and aortas averaged the highest radioactivity, sugeest- 
ing limited metabolism of cholesterol. Incorporation of cl 
into free cholesterol of coconut oil group livers indicated an 
increased synthetic rate. Liver cholesterol ester-palmitic 
acid decreased in the coconut oil-fed group while the palmitic 
and oleic acids of the corn oil group cholesterol esters rose 
sha: - In contrast the myristic, tic and oleic acids 
of aortic cholesterol esters of coconut oil group were 
much higher than they were in the corm oil 4 A Liver tri- 
glyceride and dietary fatty acids were similar but aortic tri- 
@lyceride and dietary fatty acids were not. (Aided by grant 
from the Nutrition Foundation). 
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Pathology 

SERUM LIPIDS AND FATTY AORTIC INTIMAL LESIONS IN CEBUS MONKEys, 
R. W. Wissler, R. I. Hughes*, L. E. Frazier,* and R. A. 
Rasmussen*. Department of Pathology, University of Chicago, 

Three groups of 4 Cebus monkeys each were fed 25% food fats 
of varying fatty acid composition (butter fat, coconut oil ang 
corn oil) for 45 weeks. The rations were otherwise similar 
and were consumed in equal quantities by comparable animals of 
each group. At the start of the study and at 15 week inter. 
vals the monkeys were bled and biopsies were obtained of liver 
and adipose tissue. At the end of the experiment standardized 
histological and chemical samples were taken. Gross and 
microscopic fatty intimal lesions of the aorta were found in 
the monkeys consuming butter fat or coconut oil but not in the 
animals receiving corm oil. Serum lipids and especially serm 
cholesterol values were more elevated throughout the experiment 
in animals receiving coconut oil or butter fat. Terminal 
serum cholesterol esters of the corn oil group showed very 
high values for linoleic acid. Relatively high values for 
myristic, palmitic and oleic acids were found in the cho- 
lesterol esters of the coconut oil and butter fat fed groups. 
Tracer data indicated greater synthesis and slower turnover of 
both free and ester serum cholesterol in the monkeys fed 
coconut oil and butter fat. Results of hepatic and aortic 
lipid analyses will be summarized in a second paper on this 
program. (Aided by grant from the Nutrition Foundation). 








Pathology 

PAPAIN INDUCED LIPEMIA AND COAGULATION DEFECT 
IN RABBITS. Tsaltas,T.T.,Jefferson Med.Coll., Phila., Pa, 

The injection of Papain in young rabbits produces de- 
pletion of sulfonated polysaccharides from the cartilage 
matrix, This phenomenon is spontaneously reversible, 
(Tsaltas,T.T. J.E.M. V. 108, 1958). The intravenous 
injection of 2 ml. of 2% solution of Papain in adult rabbits 
weighing 3000-3500 g produces within 2-3 hours marked 
gross lipemia that persists for several hours. Concurrent. 
ly a severe coagulation defect is developed so that the blood 
of the animals remains liquid in a glass test tube for 48 
hours. The clot eventually formed in such a blood sample 
demonstrates very poor retraction, This coagulation defect 
lasts for as long as the gross lipemia persists and clotting 
time values return to normal shortly thereafter, Even 
though the gross lipemia disappears 6-8 hours after the in- 
jection of Papain, lipid analysis reveals persisting elevated 
serum lipid levels. Ultracentrifugal analysis of such serum 
samples showed this to be due to a shift from a Low-Density 
Lipoprotein-Lipemia to a High-Density-Lipoprotein-Lipemia 
Repeated injections of Papain at 24 hour intervals prolong 


and exaggerate the above phenomena, (Supported by 
U.S.P.H.S. Grant). 


Pathology 


A METHOD FOR PRECISE ARTERIAL INJURY. David H. Blankenhorn, 
Dept. of Medicine, U. of Southern California. 

A technique for controlled arterial injury has been 
developed, In the past, experimental arterial injury has 
been produced by a variety of traumatic agents but it has not 
been possible to control the injury or measure its effect in 
any precise manner, A technique has been devised for pro- 
duction of replicate precise arterial injury in rabbit ears 
by crushing ligature. Surgical isolation of the vessel is 
not used end there is little apparent interruption of flow to 
distal portions of the ear, but sustained crushing force is 
applied to small areas of the artery. The volume of vessel 
crushed has been determined from serial microphotographs of 
the injured area. Ligatures in place l-3 days produce defects 
that vary in volume from 25 x 10° to 59 x 10~4mm3, 
Triplicate injuries in one rabbit have agreed as closely as 


27 x 10-Ymm3, 31 x 10-4mm3, and 35 x 10-lmn3, 
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Pathology 


PROGRESSION OF ATHEROSCLEROSIS IN RHESUS MONKEYS. C. B. Taylor, 
laVerne_Cox*, Jane Southworth*, and G. E. Cox*. Evanston Hosp. 
wanston, Ill. and Northwestern Univ. Med. School, Chicago, Ill. 
The histogenesis of arterial atheromata has been studied in 
14 rhesus monkeys with periods of hypercholesterolemia ranging 
from 3-65 months. Hypercholesterolemia was induced by feeding 
adequate diets which supplied an estimated 14 gm. of butter fat 
and 1.5 gm. of cholesterol per day. Serum cholesterol levels 
increased from levels of 120-161 mg.% to mean individual hyper- 
cholesterolemic values ranging from 252-687 mg.%. Earliest 
lesions, seen in animals with mean serum cholesterol levels of 
252 mg.% or higher for 3-6 months, consisted of interstitial 
deposits of lipid droplets and lipophages confined to areas of 
early intimal thickening. After 7-9 months of hypercholesterol- 
emia, lesions showed phagocytosis of most of the intimal lipid 
by lipophages. After 17-25 months, the lipophages were still 
confined to the intima but showed early degenerative changes; 
there was also striking secondary fibrosis of lesions. After 
36-65 months, atheromata had developed into florid lesions 
which often destroyed the entire thickness of the arterial wall; 
lipophages had degenerated, leaving amorphous fatty material 
and considerable crystalline cholesterol lying beneath thick 
fibrous caps. Secondary changes were: pathologic arterial 
vascularization, arteritis, early calcification, and thrombo- 
sis of coronary and femoral arteries, 





Nutrition 


RETROGRESSIVE CHANGES OF ARTERIOSCLEROSIS IN RABBITS. 
1,ARTERY SAMPLING AND PREGNANCY. T. C. Huang* and A. 
Raftery* . Timken Mercy Hosps., Canton, Ohio. 
Arteriosclerosis was produced experimentally in 
rabbits by feeding 0.5% cholesterol in their diet for 
periods of 6 to 12 weeks. Retrogressive changes in these 
lesions were followed for a period of 1 to 3 years 
subsequent to the cholesterol feeding. During this interval 
different supplements, such as niacin, linolenic acid, fat, 
and others were added to the animals diets to determine any 
effect upon arteriosclerotic lesions. Animals were 
sacrificed periodically for comparison studies. The aorta, 
coronary, carotid, ear, femoral, and mammary arteries were 
studied and compared. The sampling of the arteries and 
methods of sectioning seemed critical in the comparison. 
Longitudinal sections of thoracic aorta seemed to be best 
for comparison. Regression occured in arteriosclerotic 
lesion produced by 0.5% cholesterol diet for 6 weeks, but 
did not occur following 12 weeks of diet. Pregnancy did 
not prevent arteriosclerosis and had no effect upon the 
arteriosclerotic lesions during 1 to 5 gestations. 
(Supported by a grant from U. S. Public Health H 5171). 
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Nutritional Miedentary 
INTERACTIONS AMONG DIETARY FAT, PROTEIN AND CHOLESTEROL IN 
ATHEROSCLEROSIS-SUSCEPTIBLE PIGEONS, Hugh B. Lofland* and 
Harold 0. Goodman.* Bowman Gray School of Medicine, Winston- 
Salem, N. C. 

Atherosclerosis-susceptible, White Carneau pigeons were 
kept for 9 months on synthetic rations containing 3 levels of 
protein (5%, 15% and 30% casein), and two types of dietary 
fat (10% comm oil or 10% hydrogenated coconut oil). Identical 
groups received, in addition, 0.25% cholesterol. A 3x2x2 
factorial experimental design was used, Analysis for serum 
cholesterol, and for cholesterol, total lipids, and phospho- 
lipids in the aorta, and measurement of atherosclerotic index 
were carried out, and the data were subjected to statistical 
evaluation by analysis of variance. Addition of cholesterol 
to the diets elevated the cholesterol in the serum and aorta, 
and increased the severity of aortic atherosclerosis. A 
Significant interaction was found to exist between the type 
of fat in the diet and the presence or absence of cholesterol. 
Among cholesterol-fed birds only, corn oil exerted a signifi- 
cant cholesterol-lowering action. The severity of athero- 
sclerosis was found to be influenced by the type of dietary 
fat, level of protein, and the presence or absence of cholest- 
trol in the diet, with biological interactions existing be- 
tween these dietary variables. (Aided by a grant from the 
8. P. H. S.) 





Pathology 
CHEMICO=PATHOLOGIC STUDIES IN GEOGRAPHIC PATHOLOGY: 
SERUM LIPIDS COMPARED IN THREE GROUPS OF YOUNG 
KOREANS INCLUDING 1) BUDDHIST PRIESTS ON "PURE" 
VEGETARIAN DIETS 2) SOLDIERS ON LOW-FAT KOREAN ARMY 
DIET, AND 3) SOLDIERS ON HIGH-FAT U.S. ARMY DIET. 
K. T. Lee, K. S. Kim, and D. L. Kim, Kyungpook 
Univ., Korea and Albany Medical College, Dept. 
Path., Albany, N. Y. 

Previously, we reported (Fed. Proc. 19:236, 1960) low 
levels of various serum lipids in young Korean sol- 
diers on a Korean Army diet (15% fat) compared with 
those in young Americans on a U. S. Army diet (42% 
fat). When Koreans were fed U. S. Army diets, serum 
lipids rose significantly within weeks. Now we have 
studied young Koreans who became Buddhist priests 
and ate pure, vegetarian diets. Serum lipids in this 
group were only slightly lower than those of Koreans 
on Korean Army diets but significantly lower than 
those of Koreans on U. S. Army diets. (PHS Grants 
H=-2672, H-6030, and H-4791) 


Pathology 


THROMBOSIS, INFARCTION AND HEMOLYTIC ANEMIA INDUCED BY DIET IN 
THE RAT. Robert E. Priest, Sigurd J. Normann* and Earl P. 
Benditt. Dept. of Pathol, Univ. of Wash., Seattle, Wash. 

Dietary manipulation has been reported to induce coronary 
thrombosis and myocardial infarction in the rat (Circ. 19, 65, 
1959). This diet, containing thiouracil and large amounts of 
butter, cholesterol and sodium cholate, was employed in three 
experiments. In one experiment myocardial infarcts were found 
in about 20% of animals by 18 weeks. Marked hyperlipidemia oc- 
cured in all animals and occasional focal vascular lipid infil- 
tration was found in the absence of structural alterations in 
the vessel. Large numbers of circulating lipophages we -e pres- 
ent in animals from the experiment in which infarcts were ob- 
tained, but not in the other two experiments. Large accumula- 
tions of hemosiderin were found in the convoluted renal tubules 
in all animals surviving to the end of the experiments. This 
deposition of hemosiderin was thought to result from <1 hemo- 
lytic anemia characterized by a falling hematocrit, reticulo- 
cytosis, hyperbilirubinemia, and also by resistance of circ- 
ulating erythrocytes to hemolysis in hypotonic solutions. 
(Supported by grants from the Life Insurance Medical Research 
Fund and from the Public Health Service, H-3174) 





Pathology 


INFLUENCE OF MEDIUM CHAIN AND LONG CHAIN TRIGLYCERIDES ON FATTY 
ACID COMPOSITION OF ADIPOSE TISSUE AND LIVER. H, Kaunitz, CA. 
Slanetg* and R,E, Johngon*, Dept. of Pathology & Inst, of Com 
parative Medicine, Columbia University, New York, 

Weanling male rats were fed purified diets containing 20% of 
saturated medium-chain (MCT) or long-chain (LCT) triglycerides 
from coconut oil, Because of differences in linoleic acid (LA) 
requirements with the two fats, the MCT diet was supplemented 
with 0.1% LA and the LCT diet, with 0.3%, After 8 weeks, neutral 
fat of the testicular pads and livers was analyzed for total 
lipid and fatty acid composition (by gas-liquid chromatography} 
MCT and LCT differed in their effects, The depot fat seemed to 
resemble the dietary fat more than did the liver fat, 


Percentage Composition of Dietary, Depot, and Liver Fats 
Cg Cg Cio Cio Cy, Cig CigtCig Cg Cig? Coy 
Fats fed 


MCT 7,5 78.4 14.3 
ict 1.0 5.1 44.8 25.1 8.2 15.6 


Depot fat 
MCT 0.9 1.0 1.9 3.9 27.5 19.9 0.2 44.0 0.5 
0.2 25.7 17.7 17.7 13.5 24.3 
Liver fat 
MCT 0.4 22.2 12.5 14.8 42.014 1.6 
LcT 4e5 31.1 0.8 23.2 24.5 36 7.6 








Pathology 


EFFECTS OF DIETARY FATS, PROTEIN AND CHOLESTEROL ON CORONARY 
ATHEROSCLEROSIS IN PIGEONS. Thomas B. Clarkson* and Robert 
W. Prichard*, Bowman Gray School of Medicine, Winston-Salem, 
North Carolina 

Atherosclerosis-susceptible, White Carneau pigeons 
were kept for 9 months on synthetic rations containing 3 
levels of protein (5%, 15%, and 30% casein), and two types 
of dietary fat (10% corn oil or 10% hydrogenated coconut 
oil). Identical groups received, in addition, 0.25% 
cholesterol. Prevalence of coronary atherosclerosis (% of 
arteries seen which had atherosclerotic lesions) were cal- 
culated for each bird. There were no significant varia- 
tions in coronary atherosclerosis among those pigeons not 
fed cholesterol. Among those groups fed cholesterol, the 
mean prevalence of disease for the 3 level of protein 
(5%, 15% and 30%) was 2.6%, 7.4% and 10.9%, respectively, 
when coconut oil was the dietary fat. With corn oil, the 
prevalence values were 1.3%, 3.5% and 4.3%, respectively. 
These data suggest the existence of biological inter- 
actions among dietary fat, protein and cholesterol in the 
development of coronary atherosclerosis. Aided by grants 
from A. H. A. and N. I. H. 





Nutrition 


A REVIEW OF BIOLOGICAL DATA ON THE CANADIAN ESKIMO. 
L. B. Pett, P. Verdier, end J. 5. Monagle.™ Dept. Natl. 
Heelth and Welfare, Canada. 

Observations on 570 Canadian Eskimos during the past five 
years cast doubt on earlier claims of biological difference 
between Eskimos and Caucusians. ‘Serum proteins, Plesma cho- 
lesterol and Plasma lipids were within the observed normal 
renges of other populations. While male and female both 
average two inches shorter stature than the Canadian average, 
their weights correspond to national averages for height’ and 
age. skinfolds less than the Canadian average discredit the 
theory of climatic protection from a pammnis adiposis. There 
wes no evidence of avitaminosis in the subjects observed. The 
finding of hypertension and of arteriosclerosis cast doubt 
upon claims of absence of these conditions in this population, 
in view of the small proportion of the group exceeding forty 
years of age. A heart-chest ratio slightly less than other 
populations, possibly reflecting a stocky build, is the only 
difference observed, the transverse diameter of the heart being 
in normal range when assessed with height and weight. 


Nutrition 

THE SOLUBILITY OF CHOLESTEROLIN DIETARY FATS. Francisco 
Grande and Shohachi Wada *. Jay Phillips Research Lab., Mount Sinai 
Hospital and University of Minnesota, Minneapolis, Minnesota. 

The solubility of cholesterol at 37° C was measured in 15 oils, 
3 margarines and 12 mixtures of natural oils. The values found 
(g/100g) ranged from 5.01 forcoconut oil to 3.22 for peanut oil. Cho- 
lesterol solubility was correlated (r = -0.752, p = 0.001) with iodine 
value and (r =#0.808, p<0.0001) with the expression 2s-p, where s 
and p are respectively saturated and polyunsaturated fatty acids as 
percentof the total fatty acids. Addition of beta-sitosterol to the oils 
decreased the solubility of cholesterol. Two groups of 6 dogs each, 
kept on a low fat diet (I), were fed alternately for periods of 2 weeks 
diets containing respectively 20% coconut oil (II) and 20% coconut oil 
in which 3% sitosterol was dissolved (III). Serum cholesterol (mg/ 
100 ml) for the 12 dogs (mean and S.E.) was 162£17.8 for I, 3307 
32.5 for and 302£31.6 for III. The mean difference II - III (28 mg) 
was not significant (p = 0.1). The solubility of cholesterol in coconut 
oil plus 3% sitosterol was 3.08 g/100g, or 61%of thatin the oil. This 
decrease of solubility was accompanied by a parallel, although not 
significant, decrease of the serum cholesterol elevation produced by 
coconut oil. 

(Supported by grants from the John A. Hartford Foundation and the 
Mount Sinai Hospital Research Fund.) 
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Nutrition 
EFFECT ON SERUM CHOLESTEROL IN MAN OF FATTY 
ACIDS PRODUCED BY HYDROGENATION OR CORN OIL, 
Joseph T. Anderson, Francisco Grande and Ancel Keys, 
Lab. of Physiological Hygiene, Univ. of Minn., Minneapolis, 
and Hastings State Hospital, Minn. 

A comparison of the effects on serum cholesterol was made 
between butter, a selectively hydrogenated corn oil margarine 
and a mixture of olive oil, corn oil and totally hydrogenated 
corn oil, The margarine and the mixture had the same pro. 
portion of saturated, monoene and polyene fatty acids (19:57: 
24). In the unsaturated fatty acids of the margarine 40% of 
the double bonds were trans. The mixture contained only cig 
double bonds. Each fat was fed for 3 weeks to 23 Physically 
healthy middle-aged schizophrenic men as a 100 g daily sup- 
plement added to a diet containing 33 g fat and 260 mg choles. 
terol. Each man ate every diet. Mean serum cholesterol 
(mg/100 ml) was for butter 233, for the margarine 209, and 
for the mixture 188. The differences between these were 
statistically significant. The unnatural fatty acids produced 
by hydrogenation apparently had a slight cholesterol 
increasing effect as compared to their natural isomers. 





Nutrition 


EFFECTS OF ETHIONINE AND METHIONINE ON SERUM AND LIVER LIPIDS 
IN TEE CHOLESTEROL-FED RAT. J.C, Seidel* and A.E. Harper, 
Dept. of Biochemistry, Univ. of Wisconsin, Madison, Wisconsin, 

Ethionine causes fatty liver in rats, and methionine (Mann 
et al., J. Exp. Med. 98: 195, 1953) and ethionine (Feinberg et 
al., Science 120: 317, 1954) will reduce serum cholesterol 
concentration. In rats fed a diet containing hydrogenated 
coconut oil, cholesterol, cholic acid and 10% of casein for 2 
weeks, the addition of 0.25% of ethionine lowered serum 
cholesterol concentration from 920 to 430 mg/100 ml. When 
methionine was added with ethionine, serum cholesterol values 
fell to 80 mg/100 ml. Ethionine reduced total liver lipids of 
rats receiving dietary cholesterol from 15.4 to 7.0%. The 
addition of methionine, or both homocysteine and choline, with 
ethionine prevented this decrease. The effects of ethionine 
on serum and liver lipids were not altered by adding choline, 
betaine, cystine or homocysteine individually to the diet. 
Ethionine decreased serum cholesterol when injected over a 2h. 
hour period but this treatment slightly increased liver lipids, 
When cholesterol was omitted from the diet ethionine reduced 
serum cholesterol values from 92 to 70 mg/100 ml but increased 
liver lipids from 5.6 to 10.8% and methionine produced a 
further increase to 13.4%. Ethionine depressed serum 
cholesterol consistently but its effect on liver lipids was 
influenced by the type of diet fed. 


Nutrition 


LINOLEATE, PLASMA CHOLESTEROL AND ATHEROMA IN THE RAT. 
D.A. Beeler* and F.W. Quackenbush, Dept. of Biochem. Purdue 
University, Lafayette, Ind. 

Rats fed a diet containing 20% hydrogenated coconut oil 
(HCO, 1.V. 4.0), 1% cholesterol (C) and 0.5% glycocholate (6) 
were observed to have plasma cholesterol (PC) levels ranging 
from 200-1300 mg%. The dietary addition of 0.05% thiouracil 
increased PC ranges from 550-1600 mg%. All animals in both 
groups sacrificed after 22 weeks were observed to have 
atheroma. Substitution of soybean oi! for HCO markedly de- 
creased PC levels with no lesions being observed after 40 
weeks of treatment. 

In a second experiment male rats fed the HCO diet averaged 
535 mg% PC at 46 weeks and all showed atheroma. When 0.5% 
and 10% ethyl linoleate (EL) of high purity replaced part 
of the HCO, PC levels averaged 171 and 168 mg%, respectively, 
at 46 weeks and no atheroma were observed in either group. 

Male rats were also fed low levels of EL as the only fat, 
with and without dietary C and G. In groups fed C, 0.17% 
and 2.0% EL depressed PC sharply below that of fat-free 
controls at 8 weeks and at 20 weeks. In groups fed no C 
the EL raised PC significantly over fat-free controls. 
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Nutrition 


pIBTARY CHANGES IN MIDDLE-AGED CORONARY-PRONE MEN PARTICIPAT- 
No IN A CORONARY gg ar nae sae pense J. Stamler 
11*, V. Jauch”, DM. Berkson’, Qe e Young”, A. Fuscone”, 
Leon, We U. Stiefel”, C. Tredwell® and E, Upjohn”, Chicago 
ii. of Health and Northwestern U. Med. Sch., Chicago, Ill. 

In this long-term investigation, ability to prevent coro- 
mry disease by nutritional means is being assessed in middle- 
aged high-risk men. Machine methods have been developed to 

7-day food records for both mtrient and foodstuff 
intakes (17 and 21 components respectively). Based on the 
Program's recommendations, participants consume diets low or 
moderate in calories and total fat, low in saturated fat and 
cholesterol, high in protein, minerals, vitamins, essential 
anino and fatty acids. Major foodstuff changes are reduced 
intakes of spreads, cream, cheeses, eggs, baked goods, solid 
shortenings, fat of meat; increased intakes of low-fat dairy 
products, lean meats, poultry, fish, seafood, fruits, vege- 
tables, oils. Serial dietary data indicate good long-term 
adherence, with corresponding correction of obesity and 
hypercholesterolemia, in a majority. Reasonable estimates 
of mtrient and foodstuff intake can generally be obtained by 
mans of 7-day records and machine processing. With super- 
yision, recommended dietary alterations are achievable in 
mny free-living coronary-prone middle-aged American men. 
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Wy HEART ATTACKS DECREASED IN EUROPE DURING THE WAR: FAT vs. 
PROTEIN. Broda O. Barnes, 1160 8S. Colo. Blvd., Denver, Colo., 
1.8.46, and Max Ratzenhofer*, Univ. of Graz, Graz, Austria. 
During the year 1758 there were 7 times as many myocardial 
infarctions per 1000 autopsies as during the war year 1944. 
Hxamination of 4069 civilian autopsies revealed that (1) in 
nen under 60 years of age the incidence of coronary sclerosis 
and the degree of sclerosis per individual was about twice as 
great during 1944, and (2) after the age of 60 the incidence 
was about the same in both years, but the degree was less 
during the war. 5 years of war was equivalent to 20 years of 
peace-time in causing sclerosis in younger men, but undernutri- 
tion prevented advanced sclerosis and infarction in older men. 
The same incidence and degree of sclerosis occurred in women 
as in men during the war. Nutrition seems more important than 
sex in preventing heart disease. Normally women eat less pro- 
tein. Experimentally a diet containing 50 gms of protein and 
160 gus of aninzal fat did not elevate the blood cholesterol, 
but 50 gms of fat and 160 gms of protein required 4 grains of. 
additional thyroid daily to maintain a normal cholesterol. It 
appears that the high incidence of heart attacks in America 
tay be related more to the high intake of protein than of fat. 
Control of hypercholesterolemia and prevention of heart attacks 
for 10 years using only thyroid therapy without dietary alter- 
ations indicate it is unnecessary to change our eating habits. 


Physiology 


STUDIES ON THE ENTRANCE OF ALBUMIN INTO AORTIC WALL. Leroy E. 
Duncan, Jr.*, Katherin Buck*, and Almorris Lynch*. National 
Heart Inst., Natl. Insts. of Health, Bethesda, Md. 

These studies were carried out to cast light on the mech- 
ism by which albumin and probably a- and B-lipoproteins 
enter aortic wall with a longitudinal gradient of rates. A 
Study of the passage of labeled albumin into dog aorta main- 
tained in vitro and containing plasma under constant pressure 
has been made. This preparation is not entirely satisfactory 
since the static conditions lead to maintenance of arterial 
blood pressure in the capillaries of the aortic wall. How- 
wer, there is sufficient preservation of the gradient to 
show that it is not due to some dynamic characteristic of 
blood pressure or flow, nor to respiratory variation in in- 
trathoracic or intra-abdominal pressure. Since in the indi- 
vidual aorta the rate of entrance is directly proportional to 
aortic width, it is possible that the width is a determinant 
of the entrance rate conceivably through its effect on circum- 
ferential tension. This possibility led to an investigation 
of the rates of entrance of albumin into the aortic walls of 
large and small dogs. The data show that the rate of entrance 
at any given level along the aorta is not proportional to the 
fortic width. Thus the generalization that the rate of en- 
trance is directly proportional to the aortic width is not 
true. 








Pathology 


THE APPEARANCE OF LIPOLYTIC ACTIVITY IN THE CIRCULATION OF THE 
HUMAN FOREARM FOLLOWING HEPARIN INJECTION. See 

J. M. Merrill and R, L. Hamilton.* Vand. Med. . 

Thayer Hosp., Nashville, Tenn. 

The injection of heparin into the blood stream of lipemic 
animals is foltowed by an immediate clearing of lipemic opti- 
cal density ari the appearance of a lipolytic enzyme which 
hydrolyzes triglycerides. The source and site of action of 
this post-heparin activity is not known. Robison, et al. 
('58) have reported its appearance within 30 seconds following 
the intra-arterial injection of heparin into the hindlimb of 
rats and rabbits, and have suggested that it may be released 
from the vascular endothelium. We have found that lipolytic 
activity appears within 20 seconds following the intra- 
arterial injection of heparin in the forearm of human subjects; 
however, no in vitro changes in optical density of a chylo- 
micron substrate occurred with these 20 second samples. These 
observations indicate that lipolytic activity appears rapidly 
following heparin injection into the human peripheral 
vascular bed, and that optical density clearing may be 
separable from lipolysis. Additional data obtained in dog 
experiments bear out this difference. (Supported by grants 
from USPH and Middle Tenn. Heurt Assoc.) 
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Physiology 


SLOW PERIODIC VARIATIONS IN SPLANCHNIC BLOOD FLOW. Juro 
Iriuchijima*. Department of Biophysics and Nuclear 
Medicine, University of California, Los Angeles, Calif. 
Using the electromagnetic flowmeter (sinusoidal magnetic 
field with phase-sensitive detector), blood flow was 
recorded in anesthetized cats at the superior mesenteric 
and celiac arteries. After various experimental procedures; 
@.g., peripheral stimulation of the splanchnic nerve, 
central stimulation of the sinus nerve, asphyxiation, etc., 
a characteristic periodic variation in splanchnic blood flow 
with diminishing amplitude of fluctuation was observed. 
The period of this fluctuation was 10-25 sec. The periodic 
flow change was also observed after clamping and releasing 
the arteries, even after the nerve supply to the splanchnic 
area and the buffer nerves were severed and the spleen and 
adrenal glands tied off, These periodic changes in peri- 
pheral resistance of the splanchnic area are capable of 
causing slow fluctuations in blood pressure similar to those 
generally ascribed to rhythmic variations in splenic volume. 
(Supported by Grant #H-3092 of the U. S. Public Health 
Service and by the Office of Naval Research. ) 


Physiology 


CONTROL OF PERIPHERAL BLOOD FLOW DISTRIBUTION, R. F. Rushmer, 
D. L, Franklint and R, L. Van Citters.* Dept. of Physiology & 
Biophysics, Univ. of Washington, Seattle. 


The changes in the distribution of blood flow through the 
hind quarters, kidney and a portion of the splanchnic bed in 
héalthy, unanesthetized dogs were recorded during spontaneous 
activity and exercise, For this purpose ultrasonic flowmeters 
were chronically mounted on the terminal abdominal aorta and 
the renal and superior mesenteric arteries, Flow through the 
renal and superior mesenteric arteries was diminished by tilt- 
ing, but was essentially unchanged during treadmill exercise up 
to 4.5 mph on a 12% grade. In the same unanesthetized dogs, in- 
travenous infusions of l-epinephrine, nor-epinephrine, isopro- 
terenol, acetylcholine and vasopressin each altered the flow in 
all the vascular beds in the same direction and failed to re- 
produce the changes in flow distribution observed during the 
previous treadmill exercise, Electrical stimulation in the Hp 
fields of Forel greatly increased flow through the hind quar- 
ters and reduced flow through the renal and superior mesenteric 
arteries toa greater extent than exercise had. (Supported by 
grants from the American Heart Association and the Idaho State 
Heart Association, ) 








Physiology 


SIGNIFICANCE OF THE VELOCITY COMPONENT IN BLOOD FLOW DETER- 
MINATIONS BASED ON ELECTRICAL IMPEDANCE RECORDINGS. 
F, Liebman, J. Pearl* and L. Kussickt. N.Y.U. Dental Coll. 


and Murry and Leonie Guggenheim Foundation Inst. for Dent.Res. 


In order to study the velocity component of the impedance 
changes that occur in flowing blood, a dual cycle pump was 
used to propel citrated human blood through a system of poly- 
ethylene tubes. A flowmeter was included in the circuit. Re- 
cordings were made from electrodes oriented at different an- 
gles to the streamline of flow. In order to minimize resist- 
ance changes resulting from a "wiping away" of blood cells 
from the electrodes, a tetrapolar electrode system was used. 


The impedance of the blood varied as a function of the veloci- 


ty of the blood flow and the diameter of the tube. In a tube 
having an inside diameter of approximately 4 mm the maximm 
change in impedance occurred with an average blood velocity 
of 30 cm/sec. At blood velocities greater than the above the 


velocity component of the impedance is a constant, but at low- 


er velocities small fluctuations in velocity can give rise to 
significant changes in the impedance of the blood. A mathe- 
matical relationship between the diameter of the tube, the 
blood velocity and the electrical impedance has been formla- 
ted. The validity of using the velocity component of the in- 
pedance of flowing blood to evaluate blood flow in rigid- 
walled cavities of the body is substantiated, 


Physiology 


DRUG-INDUCED CHANGES OF BLOOD FLOW PATTERNS IN THE DOG 
THORACIC AORTA. Peter A. Kot* and John C. Rose. George- 
town Schools of Medicine and Dentistry, Washington, D.C. 

Using a high-frequency flowmetering technique, a sys- 
tematic study was made of alterations in aortic flow pat- 
terns during conditions requiring acute adjustments of 
the cardiovascular system. All blood flow measurements 
were made in open-chest, anesthetized dogs with an accur- 
ately calibrated, ultrasonic flowmeter inserted into the 
descending thoracic aorta. A variety of alterations in 
eardiac function and peripheral resistance were induced 
by the principle vasoactive agents. Mean flow in the 
aortic segment was monitored simultaneously with instan- 
taneous (60 cps) flow, aortic pressure and ECG. Drugs 
which lower peripheral resistance primarily affected the 
decelerating phase of blood flow by lengthening its dur- 
ation and decreasing the rate of descent. All acute ele- 
vations or decreases in peripheral resistance were accom- 
panied by an increase in the negative or "backward" phase 
of flow in diastole. This appeared to be due to a temp- 
orary differential in resistances of upper and lower por- 
tions of the arterial circulation, which protected coron- 
ary and cerebral blood flows. A significant negative 
flow component was only noted during these acute adjust- 
ments. 


Physiology 


REACTIVE HYPEREMIA IN SYMPATHECTOMIZED, COOLED, AND HEATED 
EXTREMETIES OF DOGS. H. E. Ederstrom and R. J. Bache*, Dept. 
of Physiol., U. of N. Dak. School of Med., Grand Forks. 
Blood flow was measured during reactive hyperemia by bub- 
ble flow meters in the femoral veins of anesthetized normal 
and dogs with chronic unilateral lumber sympathectomy. Re- 
active hyperemia followed clamping of the femoral artery for 
1C minutes. To study effects of temperature on reactive hy- 
veremia, animals were cooled to 28°C. rectally and blood 
flows recorded at intervals as animals were warmed with ra- 
diant heat or 2,ledinitrophenol (DNP), Although absolute 
rates of reactive hyperemic flows observed in cold animals 
were lower than in warm animals, they were greater in terms 
of percent of basal flow, and thus the greatest relative in- 
crease in flow was observed at the lowest temperature. About 
30-10% of blood flow debt incurred during occulsion was re- 
paid by hyperemia regardless of temperature. Configurations 
of blood flow curves were found to vary considerably with 
temperature. OUNP in addition to elevating basal flow rate, 





was found to increase repayment of the debt to 60-75%. Chronic 


sympathectomy did not greatly increase the absolute rate of 
flow during reactive hyperemia, but since basal flows were 
lower in these limbs, the debt repayment was greater than 
normal, particularly at low temperatures. (Supported by Amer. 
Heart Assoc. Grant) 
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Physiology 
THE SPLANCHNIC CIRCULATION IN HISTAMINE HYPOTENSION, 
Shu Chien* and Lawrence Krakoff.* Dept. Physiology, Columbia 
Univ., New York, N.Y. 

Before and after the subcutaneous injection of histamine (3 mg/ig), 
the splanchnic blood flow (BSP), splanchnic cell and plasma volumes 
(Bradley's equilibration method, Trans. Ass, Am. Physicians, 6; 
294, 1953), arterial pressure and blood volume were measured in 
splenectomized dogs under Na-pentobarbital (33 mg/kg). The contro} 
splanchnic blood flow averaged 245 (s.d. 58) ml/min/10kg, and the 
control splanchnic blood volume averaged 152 (s.d. 48) ml/10kg, 
One hour after histamine injection, the average splanchnic blood floy 
decreased to 36% of the control, whereas the aplanchnic blood volume 
showed little changes (averaging 94% of the control). The decrease 
of the splanchnic blood flow was comparable to that of the arterial 
pressure, indicating an essentially unchanged splanchnic vascular 
resistance. The ratio (splanchnic cell %/ arterial cell %) averaged 
0. 87 in the control and 0,78 after histamine. Thus, in both cases, 
the mean splanchnic circulation time for the plasma was longer than 
that for the cells. The data indicate that, under the experimental 
conditions of histamine hypotension described here, the splanchnic 
bed showed neither a significant change of the calculated resistance 
nor a pooling of blood. (Technical assistance by Samuel D, Huang) 


Physiology 


A CATHETER TIP FLOWMETER FOR THE MEASUREMENT OF BLOOD FLOW IN 
THE PULMONARY ARTERY OF INTACT ANESTHETIZED DOGS. 

H. P. Pieper. Department of Physiology, The Ohio State 
University, Columbus, Ohio. 

A miniaturized catheter tip flowmeter is presented. In 
principle it consists of a small plate which is exposed to 
the passing blood. The resulting deflection of the plate 
changes the coupling of a linear differential transformer. 
The diameter of the transducer is 3.2 m, its length 14 m, 
and it is attached to a No. 7 catheter. Its performance in 
pulsatile flow has been tested by means of a sinusoidal 
piston pump with a maximum frequency of 35 cy/sec. Since the 
characteristic of the flowmeter is parabolic, an electronic 
circuit was devised for its linearization. Flow recordings 
in the pulmonary arteries of closed chest anesthetized dogs 
have been obtained and will be presented. The instrument is 
of particular use in projects dealing with the sequence of 
hemodynamic changes under the effect of various drugs, 
respiration, etc. (Supported in part by grants from the 
Central Ohio Heart Association and the Bremer Foundation.) 


Physiology 


REGIONAL CIRCULATION IN THE INTACT DOG COLON. M. Bacaner* and 
M. Pollycove*. Donner Lab., Univ. of Calif., Berkeley. 

The in-vivo study of regional circulatory dynamics in the 
gut is possible with a recently developed radioisotope tech- 
nique. The method has been used in dogs to study colon cir- 
culation under conditions which alter systemic circulation 
(autonomic stimulation; hemorrhage; saline infusion; nor-epi- 
nephrine, pitressin, and acetycholine administration). A spe- 
cial GM probe (passed into the colon per regsum) monitored the 
passage of a colloidal pure beta emitter (P~“ or ¥20) , thus 
limiting the field monitored to the surrounding gut. Simultar 
eously cardiac output (CO) was measured. With a slowly cleard 
colloid (Tlhr.) and calibrating phantom, the regional blood 
volume of the colon was estimated; with a rapidly cleared col- 
loid (T3<3min.) circulation time and regional turnover of this 
volume were obtained. It was found that (1) acetylchlorine ir 
creased regional blood volume but reduced colon flow (CF) while 
CO increased; (2) nor-epinephrine reduced CF independently of 
changes in CO; (3) pitressin and hemorrhage reduced both CF 
and CO, but not necessarily proportionately; (4) saline infu- 
sion increased CF and CO; (5) stimulation of the pelvic gang- 
lion reduced CF without affecting CO. Initial investigation 
of regional gut circulation in the intact animal provides new 
information concerning circulatory dynamics of the colon in 
response to various physiologic stimuli. 
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rsiology Physiology 
na FLUENCE OF THE VELOCITY GRADIENT UPON BLNOD VISCOSITY 
_ Wells, Jr.* and Edward W. Merrill.* Harvard Med. 
school and Peter Bent Brigham Hosp., Boston, Mass. and 
mg/tg), yassachusetts Institute of Technology, Cambridge, Mass. 
olumes The viscosity of whole blood is not a single value. Vis- 
8, 66; qsity is defined as the ratio of shear stress to the shear 
ed in rate. AS a prs agg of the Te dene erpmeget Bm ning 
te values of viscosity are described in relation to 
van pra rate at which the measurement was made. Fluids 
kg demonstrating a relative decrease in viscosity as shear rate 
204 flow imreases are defined as pseudoplastic (shear thinning) in 
character. {In capillary tubes the shear rate is maximum at 
volume the wall and zero at the central axis, but with pseudo- 
ease plastic fluids does not vary linearly ria ta ae values. 
rial Ilary tubes, therefore, are practically limited in pro- 
ular oe Guglute viscosity values for whole blood. Freshly 
raged drawn venous blood wi ep ina ph ayer a a 
iving absolute values of shear stress and shear rate has 
me Son to constantly demonstrate pseudoplastic flow 
behavior. Plotting values of blood viscosity versus shear 
“a rate demonstrates rising viscosity values at low shear rates, 
ohne wile varying the red cell concentrations shifts the whole 
tance curve up or down the viscosity ordinate. Shear rates are 
Jang) highest at the aortic valve and — progressively as 
the terminal arteriole is approached. 
iology Physiology 
OW IN THE MIXING PROBLEM IN MEASUREMENT | OF FEMORAL ARTERIAL BLOOD 
FiOW. James Be Bassingthwaighte. Mayo Clinic and Mayo 
Foundation, Rochester, Minnesota. 
External iliac (EI) flow was estimated by injecting 
In indocyanine green into EI of 6 men at rest and recording 
to simultaneous dilution curves from femoral (FA) and dorsalis 
e pedis (DP) arteries. With slug injections into EI, differ- 
re ences between the areas of these curves were large, but with 
mm, vena caval injections were small, suggesting poor mixing in 
in BL, With constant rate EI {njections at kinetic energies 
(KB) of 1-4x104gm.cm.*sec.~* per sec. differences were 0-30 
© the (mean=12)% and at KE = 15-30x10", 0-6 (mean=3)% under stable 
nic conditions. KE always exceeded values reported by Andres to 
ngs cause hemolysis (1-2x10%: J. Clin. Invest. 33, 482, 1954). 
2g8 If vasodilatation results from hemolysis, proximal branches 
t is of El apparently dilate more rapidly than distal, aud pro- 
of portions of flow through the various pathways change during 
inscription of dye curves, and result in FA-DP area differ- 
ences even if mixing is complete. Hemolysis was never 
.) evident with injection velocity (V) less than 700 cm./sec., 
and not seen in 2 subjects at V = 900 and 950. Thus, 
KE >2x10° appears sufficient to produce mixing in EI, and 
when a catheter large enough to avoid hemolysis is used 
(V<700 cm./sec.) areas of FA and DP curves are similar. 
logy Physiology 
and 
GFECTS OF DRUGS ON BRONCHIAL CIRCULATION, J, Martinez 
the L.de Letona*, R, Castro de la Mata* and D, M, Aviado, Univ, 
ch- of Penna,, School of Medicine, Phila,, Pa, 
ir- In anesthetized dogs, the blood flow in the bronchial 
1 artery was measured (rotameter) simultaneously with the frac- 
spi- tion which reaches the pulmonary circulation through the bron- 
spe- chopulmonary anastomoses, This fraction has been measured in 
i the @ lung in which pulmonary artery and veins had previously been 
1s ligated, by means of a cannula inserted intrapericardically in 
sltar the left pulmonary artery, distal to the ligature, It was 
leard found that the injection of epinephrine and norepinephrine in- 
ood to the bronchial artery and electrical stimulation of the sym- 
col- geetic chain decrease bronchial arterial flow, increasing 
this Vascular resistance, whereas anastomotic bronchopulmonary 
e in flow is not changed or even increases, On the other hand, 
while isoproterenol, histamine and acetylcholine increase both bron- 
of thial arterial and anastomotic bronchopulmonary flows, pro- 
F ducing a marked decrease in vascular resistance, In some ex- 
fu- Periments the bronchoconstriction induced by the intraarterial 
ng- injection of histamine was accompanied by bradycardia and 
on lypotension, which appears to be a reflex dependent on the 
new integrity of the vagus, The bronchial vessels and the bron- 
a - omgpweml anastomoses seem to behave as separate systems 
nthe dog, 
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Physiology 
LIVER LIPID AS A SOURCE OF EMBOLIC FAT.* ? 


J Xx * and . Roswell 
gi oe ee ie 

Little attention has been focused on the liver as a source 
of embolic fat. Despite this, clinical observations are 
available suggesting a relationship between fatty livers and 
the frequency and/or degree of fat embolization. By 
combining whole organ perfusion techniques and dietary 
production of fatty livers in experimental animals, a tool for 
evaluating the liver and its role in fat embolization has been 
developed. Fatty livers were produced in adult rats within 
12 days by employing a high fat choline free diet. One group 
of animals so prepared served as non-perfused tissue controls, 
Livers from normal and special dietary animals were removed 
and perfused for periods up to 4 hours, All tissues were 
frozen and then sectioned after 24 hours fixation in 10% 
formalin and stained with Flaming Red and hematoxylin. Livers 
from animals on a choline free diet revealed intense intra- 
cellular lipid concentration, but no fat emboli, Normal 
livers perfused for 3-4 hours were free of significant ac- 
cumulation of embolic fat. In contrast, oa tne 
was encountered in the perfused fatty livers, (Supported 
Public Health Grant #B 2940.) ™ 


Physiology 


A CONTINUOUS WAVE ULTRASONIC FLOWMETER. W. C, 
* *. Cardiovascular Research Lab., 
U. of Wisconsin, Madison, Wisconsin. 


A continuous wave ultrasonic flowmeter based on the Dop- 
pler shift principle has been constructed. Two lead zirconate 
crystals are located diagonally across the vessel. A carrier 
frequency of 1 megacycle is transmitted alternately up stream 
and downstream at a rate of 60 times per second. The re- 
ceived signal is hetrodyned to 10 kilocycles as is the trans- 
mitted signal for the extraction of phase angle information. 

To minimize drift a single transmitter, single receiver and a 
single phase detector are used, switching being done by chop- 
pers. The phase detector output is integrated, a signal is ob- 
tained whose frequency is the switching rate, phase (compared 
to chopper drive) in the direction of flow and whose amplitude 
is proportional to flow velocity. (Supported in part by H-5216 
National Heart Institutes, Bethesda, Maryland. ) 


Physiology 
LOCAL EFFECTS OF MAGNESIUM AND ACETATE ON VASCULAR RESISTANCE 
IN THE DOG FORELIMB. J.I.Molnar*, R.A.Renn* and F.J. >» VA 
Research Hosp. and Northwestern J. Med. School , cago, Ill. 
Our studies (Physiologist 3:122, 1960) indicate that slight 
local plasma excesses of Kt and Ca cause active 1 arterio- 
lar dilation and constriction, respectively. Na excess or 
deficiency has little effect except that attributable to 
changes in tonicity (Physiologist 3:71, 1960). In the above 
studies Mgtt excess caused dilation but plasma tonicity also 
increased. We have restudied Mg** (26 dogs) by infusing iso- 
tonic solutions of MgSO4, MgCl2, Mg(Ac)2 and WNaeAc into a con- 
stant brachial arterial blood flow of 100 ml./min. while meas- 
uring brachial artery (BA), small artery (SA), small vein (Sv) 
and cephalic vein (CV) pressures. Mg*tt was delivered at 13 
mg./min. in the case of the Mg** salts and the Ac” at 65 mg./ 
min. in the case of the Ac™ salts. The salts produced BA-CV 
pressure gradient falls at 1 min. of 27, 27, 58, and 42 mm.fg, 
respectively. Infusion of isotonic NaCl at the same volume 
rates as these salts produced falls of 0,4,5, and 6 mm.Hg, re- 
spectively. All the above changes resulted mainly fram de- 
creases in small vessel resistance. NaAc produced small in- 
creases of venous resistance. These findings suggest that the 
local effect of both Mgt+ and Ac™ excess is active arteriolar 
dilation. Ac” is the first anion to have significant action 
in this prepration. 








Physiology 


THE EFFECT OF GASTRIC HYPOTHERMIA ON ESTIMATED HEPATIC 
BLOOD FLOW AND SPLANCHNIC BLOOD VOLUME IN THE DOG. S. L. 
Wangensteen*, R. C. Orahood*, W. Luke*, and W. V. Healey*. 
Presby. Hosp. and Coll. of Phys. and Surg., N.Y., N.Y. 
Preliminary use of local gastric hypothermia in patients 
bleeding massively from esophageal varices indicates that it 
is effective in the control of hemorrhage. Previous work has 
shown that gastric blood flow is reducéd during gastric cool- 
ing. Reduction of hepatic blood flow might have certain im- 
plications. The purpose of this study was to determine 
hepatic blood flow (BSP removal method) and splanchnic blood 
volume (1131 method) in normal anesthetized dogs in 3 situa- 
tions: 1) 500cc non-cooled fluid in a gastric balloon, 2) 
gastric cooling with 500cc fluid in the gastric balloon, and 
3) gastric cooling plus mild systemic hypothermia to 33 de- 
grees C. Gastric cooling alone depressed hepatic flow 344, 
Splanchnic blood volume was unchanged. Gastric cooling plus 
mild systemic hypothermic further depressed hepatic blood 
flow to 51% of the initial values. Splanchnic blood volume 
was reduced 21%. Splanchnic vascular resistance was noted 
to rise during gastric cooling. Whether these changes occur 
in patients with cirrhosis wherein vascular relationships 
are changed is not known. (Supported by Grant H-5372 from 
the National Institutes of Health). 





Pharmacology 


QUANTITATION OF THE INFLAMMATORY RESPONSE. E. Asch- 
heim* and B.W. Zweifach} N.Y¥.U. Medical Center,N.¥Y. 

A method developed for the quantitative character- 
ization of the inflammatory response has been ap- 
plied to the elucidation of the dose-response rela- 
tionship obtaining when graded doses of histamine 
were injected intradermally. The method consists 
of the measurement of skin radioactivity of animals 
injected intravenously with radioiodinated human 
serum albumin (RISA). The skin radioactivity meas- 
ured in counts/min./mg wt. dry skin is related to 
the blood radioactivity of the animals and expres- 
sed in terms of clearance. Clearance represents 
milliliters of blood cleared completely of radio- 
active material by one gram of dry skin. 

These studies indicate that clearance as defined 
above is linearly related to the logarithm of the 
dose. 

In addition to the dose-response relation, data 
will be presented regarding the quantitation of 
skin processes evoked by antigen-antibody reactions. 
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Physiology 


THE RELATIONSHIP OF CANINE CEREBRAL BLOOD FLOW TO ARTERIAL 
PH. Paul Novack*, Fernando Ariza-Mendoza*, Diego DeArmas*, 
Giampiero Bartolucci*, James Faust*, and Ahmed Usman* 
Hahnemann Medical College and Hospital, Phila., Penna. 

The application of the Kety-Schmidt method to the study 
of the cerebral circulation and metabolism of the dog is a 
relativeiy recent innovation. (Robin, E., et. al., Cire. 
Research, 7:771, 1959; Kodama, R., J. Japan. Soc. Int. Med., 
48:190, 1959) In a study of 25 dogs under Nembutal 
anesthesia (50 mg/kg), cerebral blood flow (CBF) ranged from 
23.9 cc/100 gm/min (mean, 52.4% 19.2) to 100 cc/100gm/min. 
Of all parameters measured, the level of the CBF correlated 
most significantly with arterial pH, r= -.67, (p<.01). 
The correlation of CBF to arterial pCO? was less striking, 
r= -.45 (p< .05). Arterial pH varied from 7.05 to 
7.50 (mean, 7.33%.10) in spite of an effort to maintain a 
uniform level of anesthesia. The mean values for cerebral 02 
consumption, 3.1821.28 cc/100 gm/min, cerebral glucose 
consumption, 5.212 4.90 mg/100 gm/min, and cerebral vascular 
resistance, 2.94 mm Hg/cc/100 gm/min, were similar to values 
reported by Robin. It is concluded that the measurement of 
PH is a sine qua non to the proper interpretation of 
experimental studies of the canine cerebral circulation. 

Supported by NIH Grant K-5453 











DOUBLY LIGATED AND SECTIONED SIMULTANEOUSLY IM SEVEN 0068, 
AND SOME ACUTE AND CHRONIC EFFECTS OBSERVED. No SiéGNnific 
CANT CHANGES IN HEART RATE, TEMPERATURE OR EYEGROUNDS WERE 
NOTED, BUT ALL DOGS EXHIBITED MARKED EMACIATION, MAIR LOSS 
AND EDEMA. THE PERIOD OF SURVIVAL FOLLOWING OPERATION 
VARIED BETWEEN 4% ano 9 MONTHS. SINCE THE ONLY REMAINING 
KNOWN ARTERIAL SUPPLY TO THE BRAIN 18 THROUGH THE ANTERIOR 
SPIWAL ARTERY, tT MAY TENTATIVELY BE CONCLUDED THAT THIS 
VESSEL 18 CAPABLE OF TRANSPORTING SUFFICIENT BLOOD TO THE 
BRAIN TO SUSTAIN LIFE IMMEDIATELY FOLLOWING THE OPERATION. 
OTHER COLLATERAL PATHWAYS BECOME FUNCTIONAL LATER. INA 
SECOND SERIES OF SEVEN "CONTROL" DOGS, THE COMMON CAROTID 
ARTERIES WERE LIGATED SIMULTANEOUSLY IN TWO, BOTH VERTEBRAL 
ARTERIES IN ANOTHER TWO, BOTH VERTEBRAL AND BOTH INTERNAL 
CAROTID ARTERIES IM ANOTHER TWO, AND ONE VERTEBRAL ANO 
BOTH COMMON CAROTID ARTERIES IN THE SEVENTH. Nowe OF THE 
EFFECTS OBSERVED IN DOGS OF THE FIRST GROUP WERE SEEN, 
AND §T §8 CONCLUDED THAT PATENCY OF EVEN ONE OF THE FOUR 
MAJOR ARTERIES SUPPLYING THE HEAD 18 ADEQUATE TO TRANSPORT 
SUFFICIENT BLOOD TO THE BRAIN TO PREVENT THESE CHANGES. 
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Physiology 

CEREBRAL VENOUS BLOOD FLOW. C, E. Rapela, P. Machowicz* ang 
H, D. Green. Bowman Gray School of Med., Winston-Salem, N,¢, 

Previous cerebral blood flow technics involved exten. 
sive dissection which may have impaired the validity of the 
weak vascular responses. A new technic measures venous out. 
flow from the confluence of the transverse and sagittal 
sinuses through a hole drilled in the skull. Communications 
with extracranial circulation were prevented by packing bone 
wax in the lateral sinuses through holes drilled bilaterally, 
Isolation from extracranial circulation was verified by 
opaque injections followed by x-ray and dissection. Controj 
MAP was 113 mm.Hg and flow was 19 cm3/min. JIA and IV injec. 
tions of up to 20 yg of epinephrine (EPI) and levartereno] 
(ART) had no effect on cerebral flow or conductance, Up to 
80 »g IA caused no change or an increase of conductance (12} 
of control). During the subsequent rise in arterial pressure 
which followed IA or IV injections of 20 to 80 yg of (EPI) o 
(ART), flow usually rose less than the arterial pressure (con- 
ductance decreased to 80% of control). Conclusion: Epi 
rine and levarterenol themselves do not constrict cerebral 
vessels; the cerebral vasoconstriction that occurs when these 
agents raise systemic arterial pressure may be due to an in- 
trinsic cerebral autoregulatory mechanism, Aided by a grant 
from LIMRF, 


Physiology 
BRAIN PO, IN EXPOSURES TO Op AT HIGH PRESSURE (OHP).John W. 
Bean. Dept. of Physiology, Univ. of Michigan Med. School, 
Ann Arbor. 

Continuous polarographic recordings from brains of dogs ani 
rats anesthetized with morphine-urethane showed that shifting 
from breathing air to 05 at atmospheric pressure caused a well 
maintained reversible increase of available 05 in the tissues. 
Subsequent compression of the Op to as high as 80 psi, causel 
a further prompt and more pronounced elevation in tissue 0, 
which was mainteined well above the precompression value 
throughout the period of exposure (20 to 45 mins) and to the 
onset of convulsive seizure. These changes were also revers- 
ible. Occasionally in prolonged exposures there was a late 
very gradual decline in the record, especially where there wu, 
lung damage. Essentially similar results were obtained usin 
Na-pentobarbital but in several exposures of dogs under this 
anesthetic there were cyclical variations indicative of re- 
ciprocal changes in the tissue Op in two different parts of 
the brain from which simultaneous recordings were taken. ‘The 
data are in accord with our finding that in exposure to OHP 
the Oo content of saggital venous blood is also elevated ab- 
ove normal but they fail to support the view that OHP causes 
cerebral vasoconstriction of such severity that brain tissue 
O ae elevated above normal. (Supported by USPHS Grant 
H-1 ‘ 


Physiology 


EFFECTS OF SIMULTANEOUS LIGATION OF BOTH COMMON CAROTID 
AND VERTEBRAL ARTERIES. Dowaco F. M. Bunce, 11°. Dept. 


or Anatomy, Tucawe U. Scnoot or MeoiciNne, New Orceans. 


BoTH COMMON CAROTID AND BOTH VERTEBRAL ARTERIES WERE 
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Physiology 
EFFECT OF Cat+ ON MYOCARDIAL OXYGEN CONSUMP- 
TION AND CORONARY FLOW. H. Zeiobert and L.N. 
gatz. Cardio. Dept., Michae eese Hosp. and 
yed. Center, Chicago, I1l. 

Open-chest dogs were prepared for measure- 
nent of cardiac oxygen consumption, coronary 
flow and hemodynamics. Observations were made 
yith the heart functioning at the usual and at 
intentionally increased peripheral resistances, 
and after pharmacological amounts of Ca glucon- 
ate. The effect on heart rate was variable. 
coronary flow and cardiac oxygen consumption, 
at comparable blood pressure and cardiac 
effort, were increased following Catt. Cardiac 
oxygen extraction was decreased, at the higher 
cardiac efforts, more often in the presence 
than in the absence of Catt, Thus, the in- 
crease in coronary flow, at least at low cardi- 
ac effort, did not represent luxuriant flow re- 
lative to oxygen cost. Preliminary studies 
with a fluid-filled balloon in the bloodless 
beating left ventricle indicated that Catt in- 
creased both diastolic and systolic ventricu- 
lar pressures at a given diastolic balloon 
volume. 





Physiology 


MYOCARDIAL TISSUE BLOOD FLOW AFTER CORONARY OCCLUSION AND SUR- 
GICAL MEASURES. Paul H. Hedenstrom*, Ralph R. Rayner* and 
Liovd D. Maclean. Dept. of Surgery, Univ. of Minn. and Ancker 
Hosp., St. Paul. 

In this investigation total blood flow to the entire heart 
and multiple regional tissue blood flows to the right and left 
ventricles were performed on 33 dogs. The effective capillary 
flow was determined by perfusing the heart, in situ, with 
blood containing deuterium oxide. These groups were studied: 
1) normals, 2) coronary occlusion immediately before or 6 
months prior to perfusion, 3) coronary occlusion plus a myo- 
cardial revascularization procedure performed 3 to 6 months 
previously. The tissue blood flow in the normal dog heart av~ 
eraged 1.07 ml/gram/min, The tissue blood flow to myocardium 
supplied by an occluded vessel dropped to approximately 7% of 
formal when this vessel was occluded immediately prior to per- 
fusion. The previous performance of poudrage or pulmonary 
artery~to~left atrial shunt did not alter this greatly dimin- 
ished blood flow to the affected area of myocardium. Blood 
flow to ischemic areas improved to 50% of normal after 6 
sonths whether or not a revascularization procedure was per- 
formed. 


Physiology 


SHRONIC CATHETERIZATION OF THE CORONARY ARTERY: INFUSION OF 
AUTONOMIC DRUGS IN THE UNANESTHETIZED og AG. Barger, Mele 
ligbowitz*, J.A. Herd.* Dept. Physiology,Harva . ool, 
Polyvinyl catheters (o.d. 0.8 mm.) have been implanted 
in the left anterior descending coronary artery for periods of 
months. ECG was normal following recovery from surgery. No 
abnormalities of coronary arteries or myocardium were found at 
autopsy. During infusions of drugs ECG was monitored by pre- 
cordial and epicardial leads. Infusions of epinephrine (1 to 
1sGm./min.) or norepinephrine (0.5 to 54Gn./min.) transient- 
ly produced depressed ST segments and inverted T waves. With- 
ina few beats high, upright, peaked T waves developed with a 
depressed ST segment and were maintained by continuous infu- 
sions of epinerhrine or norepinephrine over a period of hours. 
After infusion the ECG approached normal and then gradually 
developed depressed ST segments and inverted T waves which per 
sisted for 7 to 1C days. Serum lactic dehydrogenase levels 
were normal. The post-infusion ECG was restored to normal by 
intracoronary infusions of (1) dibenzyline, (2) procaine HCl, 
(3) acetylcholine, or (4) moderate doses of epinephrine or nor- 
epinephrine. The findings suggest that an adrenergic reflex 
tan produce a persistent alteration of the ECG which is re- 
Markably similar to that observed with myocardial ischemia, 
or with cerebral lesions. 















Physiology 


THE CORONARY AND SYSTEMIC HEMODYNAMIC EFFECTS OF 
HYPERVENTILATION. G. G. i . ¥ 
and C. W. Crumpton. Cardiopulmonary Research Lab. and the 
Dept. of Medicine, Univ. of Wisc., Madison 6, Wisconsin. 
The hemodynamic effects of passive hyperventilation in the 
dog and active hyperventilation in man have been studied. 
Cardiac output was measured by the Hamilton indicator dilution 
method and/or the Fick principle, whereas coronary blood flow 
was measured by the N20 method. In the dog significant in- 
creases occurred in heart rate, mean pulmonary arterial and 
right atrial blood pressure, CO2 excretion, arterial and mixed 
venous O2, myocardial A-VO2 and CO? difference, and cardiac 
O2 and CO2 consumption. There were decreases in blood CO2 
content, stroke volume, stroke work and cardiac efficiency. 
In man there were significant increases in cardiac rate, body 
O2 consumption and CO? release, arterial O2 content, sys- 
temic and coronary A-VO2 difference, and blood pH. Decreases 
occurred in blood CO2 content, total pulmonary vascular resis- 
tance, and coronary blood flow. The reasons for some of these 
differences in response may be due to the method of hyperven- 
tilating, species difference or other unknown factors. 


Physiology 

NUCLFOTIDF DEGRADATION IN THE HYPOXIC HEART AND ITS POSSIBLE 
RFLATION TO REGULATION OF CORONARY BLOOD FLO’. R.M. Berne. 
Dept. Physiology, Western Reserve U. Sch. of Med.,Cleveland,0O. 

Adenosine is a potent coronary vasodilator, passes readily 
across cell membranes, and is avidly incorporated into ATP by 
the isolated heart. Because of these properties it could con- 
ceivably be released from myocardium under conditions of low 
myocardial p02 and produce arteriolar dilation. Experiments 
were performed on isolated cat hearts perfused with Tyrode's 
solution and the intact heart of the open-chest dug. Nucleo- 
tide derivatives present in perfusates or coronary sinus 
plasma were adsorbed on charcoal, separated by column and 
paper chromatography and quantitated enzymatically. Adenine 
nucleotides and adenosine were not found in perfusates or 
blood under control or experimental conditions, but signifi- 
cant amounts of inosine and hypoxanthine appeared in venous 
effluents during periods of myocardial hypoxia. Inosine and 
hypoxanthine are not vasodilators but are rapidly formed from 
adenosine in heart perfusates or blood. Vasoactive concen- 
trations of adenosine added to perfusion fluid or coronary ar 
terial blood was only recoverable as inosine and hypoxanthine. 
It is postulated that in hypoxia myocardial nucleotides give 
rise to adenosine which diffuses out of cardiac cells, in- 
duces vasodilation, but is deaminated and split before sepa- 
ration from the perfusion fluid or blood can be accomplished. 


Physiology 


POTASSIUM AND OXYGEN CONTENT OF THE RETROGRADE BLOOD FLOW IN 
THE OCCLUDED AND CATHETERIZED CORONARY ARTERY. R. A. Russell,* 
A. _ J. Bocage* and W. R. Blackburn.* L.S.U. School of Medicine, 
New Orleans, Louisiana. 

The left anterior descending coronary artery was abruptly 
ligated about 2 oms. below its origin in a series of heparin- 
ized dogs and a catheter was then promptly introduced into that 
artery distal to the ligation. Retrograde blood flow was quan- 
titatively collected and its potassium concentration and oxygen 
saturation were determined. By returning blood to the animal 
it was possible to observe some dogs for as long as six hours. 
The volume of retrograde flow varied widely from dog to dog, 
between 0.3 and 4.5 mls. per minute, indicating considerable 
variability in the anatomy of the coronary vasculature. A 
prompt increase in retrograde plasma potassium concentration 
was detected in most dogs, confirming forme. observations of 
tissue potassium loss early after coronary occlusion. Oxygen 
saturation was usually intermediate between arterial and 
systemic venous values, suggesting that some but not all of the 
retrograde flow had traversed capillary circuits. In some 
cases the major vein adjacent to the ligated artery was also 
ligated after a period of observation; such venous ligation had 
no consistent effect upon the retrograde arterial flow. (Aided 
by grant No. H-1109 U.S.P.H.S.) 











Physiology 
THE EFFECT OF VENTRICULAR DISTENTION AND ITS RELEASE ON MYO- 
CARDIAL OXYGEN UPTAKE. W. P. McKeever,* H. Braun* and M. 
Kosmin.* Dept. of Med., Northwestern Univ. Med. School and 
Evanston Hospital. 

Previously it has been demonstrated (Circ. Res. 6:612, 
1958) that myocardial O05 uptake increases during the initial 
few sec. of vagal asystole if coronary perfusion is maintained. 
To study this further the effects of myocardial distention and 
release on 05 uptake were investigated. The dog's left coron- 
ary artery was perfused from a donor animal. Flow was main- 
tained constant by a Sigma pump and monitored by a rotameter. 
Myocardial 05 uptake was measured continuously by a recording 
densitometer. The perfused heart was permitted to work in 
situ or excised from the chest and observations were made 
while the ventricles were beating and fibrillating. Ventricu- 
lar distention was produced by constricting the aorta (in 
situ) or distending a balloon in the left ventricle (isolated). 
Distention produced an increased 02 uptake in the beating 
heart, excised and in situ, and also in the fibrillating ven- 
tricle. Release of distention was followed by a further incre- 
ment of 02 uptake for 10-20 sec., in both beating and fibrilla- 
ting states. These latter increments do not appear artifactu- 
al and may represent metabolism of an incurred O5 debt. 
(Supported by a grant from the U. S. Public Health Service. ) 


Physiology 


THE EFFECTS OF 2=-AMINOETHYL NITKATK-p-TOLUEst 
SULFONATE IN ANGINA PECTOHIS. Arthur tuskin. vent. 
Int. Med., Univ. Tex. Med. Br., Galveston, Tex. 
Positive Master exercise tolerance tests iii 29 
undigitalized patients with angina pectoris were 
reversed by prior (30 to 60 min.) administration 
of the above compound (\LT, \ilatil, U.S. Vitamin 
Corp.) in doses of 8 to 12 wg. by mouth in 18 out 
of 29 cases. Seven remaired positive, as ou exer- 
cise after similar placebo, and four equivocally so. 
Twenty of the above patients were placed ov placebo 
or the drug, & to 8 mg. q.i.d., in varying Latiu 
square fashion, for 3 to 6 week periods. The number 
of anginal attacks while on the drug averaged 1.0 
per day, and while on placebo 3.7 per day. The dif- 
ference, however, was uot strictly siguificant 
(p<0.05). Gross cardiovascular sigus were uuaffect- 
ed. Side effects were seev iv a minority of cases 
aud copfived to transient heavache aud rare dizzi- 
uess, varesthesias, and upper gastroiutestiual 
disturbances, especially ou the higher doses. selief 
of coronary insufficieucy by relative augmeutation 
of coronary blood perfusion or decreased cardiac 
work is presumed but not prove. 


Physiology 
INTERCORONARY REFLEX: DEMONSTRATION BY CORONARY ANGIOGRAPHY. 


SV. Guzman*, E. Sh and M *, Cardiovasc. Res. 
Inst., U. Cal., oF. j. of ppines, Manila. 

Previous studies of the effects of occlusion of a branch of 
the coronary artery have failed to demonstrate reflex constric- 
tion in the unobstructed coronary vascular bed. We have rein- 
vestigated the problem using the technique of coronary artery 
catheterization in the intact, closed chest dogs. Catheters 
were inserted via the carotids into the anterfor descending 
and the circumflex branch of the left coronary artery. The 
coronary bed was visualized by cinefluorography after injec- 
tion of a radio-opaque dye (Cardiografi into the coronary 
vascular bed, After coronary embolization (with 0.2-0.4 ml. 
of 1% lycopodium spore suspension), in both the embol{zed and 
non-embol {zed onary vessels, there was (1) marked decrease 
Tn the size of the coronary vascular bed, (2) refiux of in- 
jected contrast substance into the aorta, and (3) delay in the 
disappearance time of the injected radio-opaque material. These 
radiographic changes following embolization were considerably 
less in atropinized (0.1 mgm./kg. I.V.)dogs and in dogs pre- 
viously given procaine amide (Pronesty!®) 10 mgm./kg. I.V. 
These results indicate that generalized left coronary arterial 
vasoconstriction follows embolization of one branch of the left 
coronary artery. (Supported by U.S.P.H.S. Grant-H-4029 and 
Morabito Fund. 
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Pharmacology 
EFFECTS OF ISORBIDE DINITRATE AND PENTAERYTHRITOL 
TETRANITRATE ON CORONARY BLOOD FLOW. Mario D. Aceto*, 
William J.'Kinnard*, and Joseph P. Buckley. Cardiovascular 
Research Laboratories, Department of Pharmacology, University 
of Pittsburgh School of Pharmacy, Pittsburgh, Pa. 

The effects of isorbide dinitrate and PETN on coronary 
blood flow were investigated in anesthetized dogs utilizine 
the Shipley-Wilson rotameter, The compounds were adminis. 
tered either via duodenal intubation or intravenous admin. 
istration, Isorbide dinitrate was dissolved in 30% alcoho} 
and PETN was dissolved in dimethylacetamide (6.25 mg. /ml,) 
and diluted prior to use with an equal part of warm distill 
water. Both compounds produced marked depressor effects when 
administered intravenously in doses ranging between 0,125 an 
0.5 mg./Kg. Isorbide dinitrate appeared to be slightly more 
effective in decreasing coronary vascular resistance than 
PETN when administered intraduodenally in tablet form, 
(Supported in part by a grant from Ives-Cameron Company, 
New York City). 








Pharmacology 
THE ACUTE SYSTEMIC AND CORONARY HEMODYNAMIC EFFECTS 


OF TRIMETHIDINIUM. S. Afonso*, G. G. Rowe, C. J. Cheliug 
J]. Lopez*, and C. W. Crumpton. Cardiopulm. Res. Lab., U. 


of Wisconsin, Madison 6, Wisconsin. 

10 mongrel dogs were studied before and after intravenous 
administration of 0.25 mg. /kg. of trimethidinium dimethy] sul- 
fate. Heart rate (+90.7%, p< 0.001) and minute volume of res- 
piration (+29. 2%, p< 0.001) increased while systemic (-17. 1%, 
p< 0.01), pulmonary (-23. 1%, p< 0.001) and right atrial 
(-55.6%, p< 0.001) pressures decreased. R.Q., O2 consump 
tion and CO2 excretion were unchanged. There were signifi- 
cant decreases in arterial and mixed venous CO? contents and 
coronary sinus O2 content. Significant increases occurred in 
arterio-coronary sinus O2 difference and coronary sinus~arteri- 
al CO2 difference. Cardiac output (Fick), coronary blood flow 
(nitrous oxide) and total peripheral resistance decreased, but 
not significantly. Total pulmonary resistance, right and left 
ventricular work and the index of cardiac efficiency decreased 
significantly. Hemodynamic effects of trimethidinium seem to 
be basically similar to those of the ganglion blocking agents, 
hexamethonium and mecamylamine and of the sympathetic 
blocking agent, SKF 6890. 


Pharmacology 

CHLOROGLYCERYL DINITRATE AS A CORONARY ARTERY 
DILATOR. Raymond M. Burgison, Gordon G, Lu and John 
C. Krantz, Jr. Univ. of Maryland, Dept. of Pharmacology, 
School of Medicine, Baltimore 1, Maryland, 

"Chloroglyceryl Dinitrate" (1-chloro-2, 3-propanediol di- 
nitrate) is an oily liquid resembling glyceryl trinitrate in 
many of its properties. On the Langendorff perfused rabbit's 
heart the agent evoked coronary dilatation slightly greater 
than glyceryl trinitrate in equal concentrations. The hypo- 
tensive response upon intravenous injection in the anesthe- 
tized dog was significantly less than that produced by equal 
doses of glyceryl trinitrate. The hydrolysis of chloroglycery! 
dinitrate proceeds more slowly than that of glyceryl trinitrate 
in vitro. The chlorine atom is hydrolyzed from the molecule 
simultaneously with the nitrate groups. The compound is 
rapidly absorbed through the buccal mucosa in dogs and man. 
Preliminary clinical trial (18 patients) has revealed that 
chloroglyceryl dinitrate may be a satisfactory substitute for 
glyceryl trinitrate, eliciting significantly fewer adverse side 
effects. 
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Pharmacology 


PHARMACOLOGY AND TOXICOLOGY OF ISOSORBIDE DINITRATE (ISDN). 
David H. Baeder, Ives-Cameron Co., N. Y., N. Y. 

—“jsoN was first studied by Krantz,‘et al. in 1939, who 
showed that the presence of the ether linkage in the nitrate 
sugar alcohols reduced their hypotensive activity, but pro- 
lonced the duration of response, ISDN when incubated in vitro 
vith liver tissue showed a high rate of uptake by liver cells, 
but a very Slow conversion to nitrite. Correlation of this 
vas shown pharmacologically when it was demonstrated that the 
intravenous administration of ISDN into the femoral vein or 
the portal vein of anesthetized dogs produced comparable falls 
in blood pressure, The oral L)cg was greater than 1000 ng/kg 
in rodents. Chronic administration of the drug to dogs and 
rats for periods up to 1 yr did not result in any toxic man- 
jfestations and, in addition, there was no appearance of met- 
nenoglobin. Following oral administration ISDN was effective 
in 15 to 30 min and had a duration of activity of at least 

4 hrs when measured in patients with angina being tested by 
the Master 2-step method, Blood level determinations of 

ISDN in humans demonstrated that the drug was carried in the 
lipid phase of the serum and was not converted to nitrite, 

It appears that ISDN exerts its response as an intact mole- 
mle, and in this respect may be the only such drug of its 
class currently in clinical use, 


Pathology 


HIGH INTERVENTRICULAR SEPTAL INFARCTS IN PIG & DOG. George Lumb 
and Henry Singletary.* James Walker Mem. Hosp., Wilmington,N.C. 
Qur dissections and perfusions show two principal arteries 
supplying the upper part of the IV septum. 1. Anterior, from 

the anterior descending artery in man and pig but from the 
crotch of the left circumflex and anterior descending in the 
doge 2¢ Posterior, from the end of the right coronary at the 
origin of the posterior descending in man and pig but from the 
termination of the left circumflex in the dog. Ligations of 
the anterior septal in 25 dogs infarcted the upper half and 
anterior 2/3 of the IV septum. The distal half of the bundle 
of His and majority of both bundle branches was involved. Oc- 
clusion of the posterior septal or distal left circumflex in 
0 dogs infarcted the upper fourth and posterior third of the 
septum with A.V. node involvement. In 6 pigs anterior septal 
ligation caused small infarcts just below the uppermost part 
of the anterior third of the septum with only left bundle 
branch involvement. In 6 pigs posterior occlusion infarcted 
the entire posterior half and also the upper third of the an- 
terior half of the septum with A.V.node and bundle of His in- 
wlvement. Basal anesthesia and thoracotomy with positive 
pressure respiration has been employed in all animals. 

We conclude that the pig is a better experimental animal 
for study of ischemic conduction tissue changes and IV sep- 
tal infarcts because its blood supply more closely resembles 
that of the human. (Supported by U.S.P.H.S. Grant H-5063). 
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CIRCULATORY ADJUSTMENT IN PEARL DIVERS. 

PP.Scholander, H.T.Hammel, D.H.LeMessurier*, Edvard 
Heminesen*, and Walter Garey*. Universities of California, 
Pennsylvania, and Adelaide, Australia. 

A central feature in the adjustment to diving in various 
lamals, birds, and reptiles is a gross redistribution of the 
circulation, leaving the muscles and many peripheral organs 
without effective circulation. Active as well as quiet div- 
ing develops bradycardia without drop in central blood pres- 
sure, and lactic acid forming in the muscles during the dive 
floods the blood only when breathing starts. 

In 31 native skin divers in Australia, diving rarely 
exceeded one minute. During the dive, blood pressure stayed 
normal while heart rate dropped 50% or more; blood lactate 
(5 divers) remained normal but showed an acute rise in the 
Tecovery, Evidently humans utilize an adjustment similar to 

8. 

This asphyxial defense seems developed at birth, for fetal 

yeardia is common during delivery, and an acute rise of 
lactic acid after the first cry has recently been described. 
Phylogenetically the mechanism is ancient, for it is found 
also in fishes when taken out of water. 


Supported by grant from NIH. 
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Physiology 


EFFECT OF MUSCLE CONTRACTIONS ON AUTOREGULATION OF BLOOD FLOW 
THROUGH SKELETAL MUSCLE. Wendell N. Stainsby, Dept. of 
Physiology, Coll. of Med.,Univ. of Florida,Gainesville,Florida 

The effect of sudden changes in arterial perfusion pressure 
on blood flow through the gastrocnemius-plantaris muscle group 
of dog was studied at rest, innervated, and acutely denervated 
and then during a series of single twitches (l/sec). Perfu- 
sion pressure was regulated by means of a small Starling re- 
sistance in the inflow system. Oxygen uptake was calculated. 
Steady state pressure-flow curves on the same muscle at rest, 
innervated and denervated, were essentially identical. Steady 
state flow levels were reached in | to 2 min. after a change 
in perfusion pressure. During twitches steady state flows 
were reached in 20 to 30 sec. Steady state pressure-flow 
curves were parallel to resting curves but at approximately 
400% higher blood flows. Oxygen uptake increased approximately 
700%. The increased speed of achievement of steady state 
flows and the increased level of these steady state flows ap- 
peared to be related to increased metabolism rather than 
stimulation of the nerve. They occurred following infusion of 
2,4 dinitrophenol but not during nerve stimulation after 
curare. These effects are difficult to expiain by the myo- 
genic theory of autoregulation of flow, and suggest a metabol- 
ically-linked system. 





Physiology 


TIME COURSE OF REACTIVE HYPEREMIA IN ISOLATED DOG HIND LIMBS, 
Curt A, Wiederhieln and Robert F. Rushmer. Dept. of Physiology 
& Biophysics, Univ. of Washington, Seattle. 





Accumulation of vasodilator metabolites in tissues during 
circulatory arrest has been suggested as a cause for reactive 
hyperemia. The validity of this concept was examined in the 
isolated dog hind limb perfused by a _ servocontrolled piston 
pump system, which delivered nonpulsatile flow at a constant 
pressure head, Rapid changes in flow were recorded with an ori- 
fice flowmeter, which was calibrated continuously against mean 
flow rates derived from the stroke rate of the pump, Maximal 
sustained flow rates were delayed 4-12 sec, after the release 
of either arterial or venous occlusion. Transient high inflow 
rates followed release of arterial occlusion and were attri- 
buted to rapid filling of the arterial bed. Other investigators 
have erroneously interpreted the rapid arterial filling phase 
as a maximal dilatation in the resistance vessels. Following 
the filling phase, the arterial inflow increased gradually, 
reaching a maximum in 3-10 sec. Release of venous occlusion 

led to a gradual onset of flow, beginning at low levels and 
reaching a maximum in 10-12 sec. (Supported in part by the 
Cardiovascular Training Grant (HTS 5147), National Heart Insti- 
tute.) 


Physiology 
THE EFFECT OF CAROTID SINw ACTIVITY OW LOCAL OXYGEN CONSUMP- 
TION AT REST AND DURING EXERCISE. J.P.Remensnyder’ ,J.H. Mitchel) 
and S.J.Sarnoff. Lab.Cardiovasc.Physiol.NHI,Bethesda, Md. 

The relationship between vascular reactivity in musculo-cu- 
taneous beds and the level of local oxygen consumption was in- 
vestigated in a canine preparation using electrically induced 
exercise (Fed.Proc.19:95,1960). Changes in calculated peripher- 
al resistance were used as a measure of vascular reactivity; 
local oxygen consumption was calculated as the product of blood 
flow times the A-V Oo difference measured by a Guyton analyzer. 
Four correlations were observed: 1) the peripheral resistance 
diminished in a curvilinear fashion as local oxygen consumption 
increased; 2) the change in peripheral resistance produced bya 
given sympathetic stimulus progressively diminished as the local 
oxygen consumption increased; 3) during oxygen debt, the flow 
correlated well with local oxygen consumption; and 4) the flow 
change in response to dropping carotid arterial pressure corre- 
lated well with the simultaneous change in local oxygen con- 
sumption. This study demonstrated that, in a resting musculo- 
cutaneous bed, its oxygen consumption was diminished when the 
carotid pressure was lowered. Conversely, during exercise of 
that part, the same intervention effected an increase in local 
oxygen consumption, thereby limiting the rate of accumlation 
of the oxygen debt. 








Physiology 


* 
R.D. Jones and R.M. 


SKELETAL MUSCLE BLOOD FLOW REGULATION. 
Berne. Dept. of Physiology, Western Reserve U., Cleveland, 0. 

Intrinsic control of blood flow to skeletal muscle was un- 
covered in experiments on skinned isolated dog hind limbs per- 


fused at constant pressure. Flow in chronically denervated 
muscle is approximately 2 ml/min/100 gm, is independent of 
perfusion pressure over a wide pressure range, and is further 
characterized by low venous p07. This state has been termed 
basal and is also observed in innervated preparations when 
extrinsic stimuli are minimized. In innervated or acutely 
denervated muscle an unstable state characterized by high 
flow and high venous pO. may be reversibly produced. Under 
these conditions flow is directly proportional to perfusion 
pressure. In contracting muscle flow is high, venous p02 is 
low, and flow is independent of perfusion pressure. Acute 
section of the nerve trunks to the leg proximal to a pro- 
caine or low temperature block causes no change in flow where- 
as section of the unblocked nerve results in large increases 
in flow. From this, and the observation that a variety of 
mechanical and reflex stimuli produce the unstable state in 
the innervated or acutely denervated preparation, it is con- 
cluded that extrinsic stimuli are superimposed on a back- 
ground of strong intrinsic vascular regulation which is re- 
lated to venous, and hence presumably, tissue pO». 


Physiology 


EFFECTS OF SYMPATHETIC VASOCONSTRICTION AND VASODILATION ON 
SKELETAL MUSCLE FORCE. Leo Hirvonen* & R.R. Sonnenschein. 
Dept of Physiology, UCLA Medical Center, Los Angeles. 

In cats under chloralose and urethane, flow in the exter- 
nal iliac artery to the skinned leg was continuously measured 
along with isometric recording of the quadriceps during 2/sec. 
supramaximal stimulation of the femoral nerve. Flow was alter- 
ed by clamping of the arterial inflow; stimulation of the 
sympathetic chain to produce vasoconstriction; intra-arterial 
infusion of norepinephrine; or stimulation of the chain after 
dihydroergotamine or of the hypothalamus to produce vasodila- 
tion. For equivalent reductions in flow, vasoconstrictor 
stimulation affected muscle tension less than did arterial 
clamping in 9 of 21 animals, equally in 9 and more in 3. Nor- 
epinephrine effect was equal to or greater than either of the 
above (6 animals). Effects of dilator stimulation on muscle 
tension (8 animals) varied widely: slight to marked increase 
in tension in 4; decrease or lack of change in 3; both effects 
on different occasions in one. The capacity of muscle to 
produce tension is proposed as:an index of its nutritional 
flow. (Supported by USPHS Grants B-1247 and H-5157) 





Physiology 
ROLES OF SYMPATHETIC VASOCONSTRICTOR & VASODILATOR INNERVA- 
TIONS Di REGULATION OF NUTRITIONAL AND NON-NUTRITIONAL BLOOD 
FLOW Ii! SKELETAL MUSCLE. R.R. Sonnenschein and Leo Hirvonen*, 
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Pharmacology 
THE INFLUENCE OF RESERPINE ON PERIPHERAL VASCULAR RESPONSES 1p 
HYPERCAPNIA. C, W. Nash* and R, J. Shivak* . Dept. Of Physi. 
ol, and Pharmacol., Univ. of Alberta, Edmonton, Alberta, 

Hypercapnia in dogs is accompanied by a rise in the circul,. 
ting catechol amines, an elevation of the vascular tone of the 
hind limbs and a depression of the vascular responses to nor. 
adrenaline (NA). If the latter two are a result of the former 
reserpine pretreatment might be expected to reduce all of these 
effects of hypercapnia. The vasomotor tone of the hind limbs 
of reserpine pretreated and unpretreated dogs under pentobar- 
bital anaesthesia was measured, as were the responses to intra. 
arterial doses of NA (0.05 ug/kg), tyramine (10 g/kg) and 
pitressin (0.01 units/kg). Contrary to expectations the 
elevation of vasomotor tone during hypercapnia was potentiated 
by reserpine pretreatment as were both the initial responses 
to all the test drugs and the hypercapnic depression of thege 
responses. These results suggest the hypercapnic depression 
and the reserpine potentiation of these responses are effecte/ 
at the contractile mechanism rather than at the receptor 
mechanism of vascular smooth muscle. (Supported by a grant 
from the Defence Research Board of Canada. ) 
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Physiology 


RETROGRADE AND FORWARD PERFUSION OF INTACT DOG LUNGS, 
Keith,* L. E. Rader, Jr.* and Gilbert S. Campbell, Dept. of 
Surgery, VA Hosp. & Univ. of Okla. Med. Center,Okla. City,Okla, 

Left thoracotomy was done in 20 nembutal anesthetized dogs 
and the left upper lung lobes (LULL) were removed. Vessels to 
LULL were divided and the proximal end of the left superior 
pulmonary vein (LSPV) was preserved for a subsequent anasto- 
mosis. Pulmonary blood flow was reversed to the left lower 
lobe (LLL) by anastomosing the proximal end of the divided left 
pulmonary artery (LPA) to the distal end of the left inferior 
pulmonary vein, (LIPV) and the proximal end of LSPV to distal 
end of LPA. The proximal end of LIPV was ligated. Thoracotom 
wound was closed. Utilizing a tracheal divider tube and a twin 
bronchospirometer,oxygen uptake was recorded from the LLL (with 
retrograde pulmonary blood fiow) and from the right lung or 
right lower lung lobe (with rormal or forward pulmonary blood 
flow) in lightly anesthetized dogs with adequate, unassisted 
ventilation. Pressures were recorded in PA and PV of the ; 
"forward'' and "'reversed'' lung lobes. LLL constitutes 26% of 
the dogs' total lung volume and oxygen uptake in the LLL was 
as high as 29% of the total oxygen uptake. Lung biopsies, PA 
and PV pressures, and oxygen uptakes were obtained from the 
retrograde and forward perfused lungs on the day of surgery 
and up to twelve months postoperatively. (Supported by USPHS 
Grant H-4106) 





Physiology 


RESPONSE OF THE PULMONARY VASCULAR BED OF UNANES- 
THETIZED RESTING DOGS TO HYPOXIA. Otto G. Thilenius, * Paul 
B. Hoffer, * Robert S. Fitzgerald. * Univ. of Chicago, Chicago, Ill. 





Dept. of Physiology, UCLA Mecical Center, Los Angeles. 
Consideration of the results of 1) Hirvonen and Sonnen- 
schein (abstract, Fed. Proc., this issue) on effects of vaso- 
motor innervation on skeletal muscle active tension; 2)Hyman, 

et al. (Acta physiol. scand. 46:358, 1959) on radio-isotope 
clearance; and 3) Uvn&s (Physiol.Rev. 40(Part 2):69,1960) on 
oxygen consumption of muscle suggests the following hypo- 
thesis. lutritional and non-nutritional vessels have separ- 
ate vasomotor control. Constrictor and dilator fibers act on 
both systems of vessels, but, in general, the predominant 
effects are on non-nutritional flow. This is shown for constr- 
ictor fibers by their generally lesser effect on electrolyte 
clearance and on active muscle tension compared with the 
effect of arterial clamping. The observations that dilator 
activity in most cases fails to increase significantly, or 
may decrease, the clearance rate and oxygen consumption in 
resting muscle, or the tension produced by active muscle, are 
compatible with this scheme. Exceptions to these results 
have been noted. (Supported by USPHS Grants B-12h7 and H-5157) 





By means of vinyl catheters chronically implanted according to 
the technique of Rudolph and Paul, pressures in aorta, pulmonary ar- 
tery (PAP), left atrium (LAP), and intrapleural space (by capsule) 
were recorded simultaneously and continuously on a polygraph, to- 
gether with cardiac output (CO) by dye dilution technique every 2 
minutes, in unanesthetized, unsedated, trained dogs for 1 hour during 
breathing of air and low Og mixtures (6-10%) via a chronic tracheos- 
tomy. In nearly all of 35 experiments on 6 animals there were strik- 
ing responses to hypoxia, consisting of a marked rise in PAP (up to 
100%), in CO (up to 80%), in pulmonary vascular resistance (PVR) 
(up to 200%), and of a significant fall in LAP (up to 75%). These 
changes were not maintained throughout hypoxia; the PVR usually re- 
turning toward normal first, followed by the PAP, the CO usually re- 
maining elevated. The time sequence of these events varied in differ- 
ent animals. Effects of the same magnitude as in hypoxia accompa- 
nied restlessness caused by stress, but fluctuated markedly, were of 
shorter duration, and could largely be eliminated by providing quiet 
surroundings and by avoiding prolonged experiments. 








Supported by USPHS HF-10, 644 and USPHS H-1894 (C11). 










Ade 
Univ. 


chest 
jung) 
inser 
bron¢ 
shunt 
inter 
ture. 
ary § 
age | 
area 
tisst 
spon: 
coll: 
Cons: 
tive 
In p 
area 
spon 
USPH 


ssc e27232 > 
TPFTSFS TSE FTE 


Acet 
crea 
circ 
allo 
atfe 
ed p 
fact 









© circus. 
he Of the 
to nor. 
1e former 
L Of these 
id limbs 
nt obar- 
to intr. 
and 


ent lated 


f these 
ession 
e f fected 
or 

Brant 


ace" § 


= 


seea F 


yR) 





9-100 CARDIOVASCULAR SYSTEM 


Physiology 


Ad. Niden, 8. Burrows, and W.R, Barclay. 
Univ. of Chicago, Chicago, Illinois: 

The response to acute atelectasis was studied in dogs with 
chest wall intact. 
jung) were made atelectatic by endobronchial occlusion after 
insertion of a balloon=tipped single lumen catheter or a 
pronchospirometer tube. The percentage of cardiac output 
shunted through the collapsed area was determined at varying 
intervals by the degree of peripheral arterial venous admix— 
ture. Acute atelectasis produced an initial fall in pulmon— 
ary artery pressure usually followed by a rise. The percent— 
age of cardiac output shunted through the acutely atelectatic 
area was significantly greater than the percentage of lung 
tissue collapsed. Except for a variation in the time of re= 
sponse, there was no significant difference between acute 
collapse while breathing room air as compared to 100% 05. 
Constant flow perfusions of innervated pulmonary lobes Trego 
tive intrathoracic pressure breathing) revealed a sudden fall 
in perfusion pressure with acute collapse of the perfused 
area. Vagotomy and sympathectomy did not eliminate the re=- 
spons and may have enhanced it. (Supported by grants from 
USPHS and Schweppes Foundation.) 


Dep't. of Medicine 


Physiology 


SHUNTS IN THE PULMONARY CIRCUIT IN THE DOG. Gordon C. Ring, 
A. S. Blum* and T. Kurbatov'. University of Miami School of 
fedicine, Coral Gables, Florida. 

In order to test for pulmonary shunts we have injected 
assorted sizes of microspheres into the pulmonary artery in 
dogs and have determined the proportion of the various sizes 
of spheres which appeared in the systemic circuit during the 
first circulation. Only about 10% of microspheres 8y in 
diameter and larger injected into the pulmonary artery were 
found in the systemic circuit during the first circulation. 
We almost never collected any spheres I6y in diameter from 
the systemic circuit. Norepinephrine reduced the number of 
the large and small microspheres which passed thru the lungs. 
Acetyl choline decreased the number of small spheres but in- 
creased the number of large spheres reaching the systemic 
circuit so that perhaps 25% of the flow was thru channels 
allowing 84 spheres to pass. This may be due to a specific 
affect of the acety! choline on vasomotor tone or to increas- 
ed pulmonary and/or decreased systemic pressures or to all 
factors. (This work was supported by NIH grant H-2),83.) 


Physiology 


(XYGEN CONSUMPTION OF TISSUES IN THE HUMAN LUNG. 

iW, Fritts, Jr., MeL. Lewis”, C. Giuntini*, J.H. Walker®,and 
A. Wichern .* Coll. of Phys. and Surg., Columbia U 

Tew Yor , N.Y. 


a Univ., 
little is known about the metabolism of human pulmonary 
tissues. Presumably, the chief sources of oxygen are: 

(1) the air in the alveoli, (2) the blood in the pulmonary 
vessels, and (3) the blood draining from the bronchial 
circulation into the pulmonary veins and arteries. The 

oxygen extracted from these sources (Vp) can theoretically be 
gstimated from the expression Vo, - QR (Cag - C¥p,), where 
"dy = oxygen uptake at the mouth, Qp = flow from the right 
ventricle, and Cano and Ce represent, respectively, the con- 
centrations of oxygen in safiples of arterial apd mixed venous 
blood, Using a dye-diluticn curve to measure Qp, we found 
that tr lay within the errors of the measuring techniques in 
avariety of patients with cardiac and pulmonary disorders. 
By way of contrast, 16 measurements made in 6 patients with 


fareadvanced tuberculosis gave values of Vp that averaged 1% 


of the oxygen which the body consumed. Further studies have 
indicated that the use of Krypton® to measure Qe by the Fick 


Principle may improve the accuracy of the method. Whether 


this improvement will permit extending the technique to dis- 


orders other than advanced tuberculosis is not yet known. 





S uae tae 


THE EFFECTS OF ACUTE ATELECTASIS ON THE PULMONARY CIRCULATION, 


Portions of lung (segment, lobe, or entire 










Physiology 
THE EFFECTS OF POSITIVE PRESSURE LUNG INFLATION UPON PULMONARY 


VASCULAR DYNAMICS. Paul H. Gerst.* Department of Surgery, 
Presbyterian Hospital, N.Y. 

The purpose of this study is to clarify the effects of 
variations in positive pressure lung inflation upon pulmonary 
vascular resistance and compliance. Excised dogs' lungs were 
progressively inflated with air via the trachea in increments 
of 5em H20 pressure, from complete collapse to plus 30cm H20, 
and then ed to deflate in similar fashion. At each level 
of lung inflation the pulmonary vessels were perfused by a 
series of saline pulses, each in the form of a "square wave". 
From an analysis of the resulting intravascular pressure 
curves the flow resistance and vascular compliance were de- 
termined. The data suggest that in a lung expanded entirely 
by positive airway pressure, as in the open chest, compliance 
is greatest and resistance is least at an inflation pressure 
of 15-20cm H20. However, if the lung is prevented from col- 
lapsing by other forces, as in the closed chest, then any in- 
crease in the airway pressure beyond the resting level leads 
to a rise in flow resistance and a decrease in vascular com- 


pliance. (Supported by USPHS grant # H-2506) 
Physiology 
MECHANICAL FACTORS AFFECTING PULMONARY VASCULAR RESISTANCE 
IN LIVING DOGS. S. Permutt,* B. and 
ational 


H.N. Bane.* Div. of Research and Laboratories, 
ewish Hospital, and Dept. of Physiology, Univ. of Colo- 
redo School of Med., Denver. 

Measurements of intrapleural pressure (IPP), transpulmonary 
pressure (TPP), tracheal pressure (TP), pulmonary artery 
pressure (PAP), left atrial pressure (LAP), cardiac output 
(a), and pulmonary vascular resistance (PVR) were determined 
in closed- and open-chest, anesthetized dogs in a preparation 
which alloyed independent variations of TPP and IPP. In 
addition, Q was varied by increasing or decreasing the blood 
volume, At constant 4, the effect of increasing TPP by 
lowering IPP with TP remaining constant was an increase in 
PVR. The effect of increasing TPP on PVR was correlated with 
the magnitude of TP minus LAP, Whenever TP was equal to or 
greater than LAP, lowering LAP essentially hed no influence 
on the relationship between PAP and Q. Under these latter 
conditions, there was an essentially linear relationship 
between Q and PAP minus TP regardless of the state of infla- 
tion of the lungs. Evidence will be presented which suggests 
that whenever TP is greater than LAP, changes in PVR cannot 
be interpreted as due to changes in the dimensions of the 
puluonary vascular bed. 

(Supported in part by U.S.P.H.S. Grant No. H-4555 ) 


Physiology 


Tonic vasoconstrictor activity in the dog's pulmonery 
circulation, A.A.Bechtel*, Dept. of Physiology, Hahnemann 
Medical College, Philadelphia, Pa. 

The respiratory exchange ratio (R) was determined for each 
lung by bronchial sampling during end-expiration. After 
three control experiments unilateral vagotomy was performed. 
Three postoperative sets of observations were followed by 
section of the second vagus and a final set of observations, 
In back-lying dogs before vagotomy R for the R.L. tended to 
be higher, as reported for a different series of animals in 
the J.A.P. 14; 191-193, 1959. After L. vagotomy, the differ- 
ences were greater, in the same direction, After R vagotomy, 
the L.L. tended to have the higher R. If it is supposed 
that section of the vagosympathetic trunk tends to decrease 
resistance to air flow (I, deB. Daly and C.0,Hebb, Quart. 

J. Exper, Physiol, 31: 211-226,1941-42) it would seem likely 
that Vy on the operated side is increased as compared with 
the other side, Since R is found to have decreased (relative- 
ly), there must have been an even greater relative increase 
in the blood flow through the vagotomized lung. This 
suggests elimination of tonic vasocmstrictor impulses by 
vagotomy. (Supported by a grant from the National Heart 
Institute.) 








Physiology 


A NEW METHOD FOR MEASURING THE PULMONARY ARTERIAL BLOOD 
VOLUME: VALUES OBTAINED IN DOGS. Khalil A. Feisal*, Jorge 
Soni* and Arthur B. DuBois. Dept. of Physiology, Grad. Sch. 
of Medicine, University of Pennsylvania, Philadelphia, Pa. 

The volume of blood in the heart and lungs has been meas- 
ured by other investigators but there has been no previous 
method for determining the fraction of the pulmonary blood vol- 
ume in the pulmonary arterial tree and that in the pulmonary 
veins. During apnea, small amounts of ether (0.3 ml) were in- 
jected rapidly into the right ventricle through a catheter 
connected to a strain gauge. As a result of the injection 
about 10 to 20 ml of ether gas appeared in the alveoli. The 
exact time of arrival of ether in the pulmonary capillaries 
was measured by means of a body plethysmograph in which the 
pressure increased suddenly when the ether which was dis- 
solved in the blood equilibrated with the tissues and gas in 
the lungs. The pulmonary blood flow was determined by the 
dye dilution method. The pulmonary arterial circulation time 
in the dog was found to be between 0.2 and 0.) sec., which is 
approximately 10 to 20% of the pulmonary circulation time in a 
dog. The ether generally arrived in the lung capillaries 
within one beat of the right ventricle, indicating a pulmonary 
arterial blood volume of approximately 20 ml in dogs weighing 
about 20 Kgs. Precautions similar to those used in the ether 
method for arm to lung circulation time should be observed. 


Physiology 
EFFECTS OF ATELECTASIS UPON PULMONARY BLOOD FLOW, W.H. Hardes- 
ty*, J.C. Schuder*, H, MacVaugh* and W.S. Blakemore. Harrison 
Dept. Surg. Res., Sch. of Med., U. of Pa., Phila., Pa. 

Using an electromagnetic flowmeter (FM) around the exposed 
non-cannulated pulmonary artery in dogs and a tricarbocyanide 
dye dilution (DD) technic 28 simultaneous cardiac output 
measurements showed the DD values to be 90%25% of the FM val- 
ues. Using this correction factor the cardiac output (DD) was 
measured with simultaneous measurements of the blood flow 
through the left pulmonary artery (FM) before atelectasis, 10 
minutes after atelectasis, and 10 minutes after reinflating 
the lung. Atelectasis was produced by occluding the bronchus 
with a non-crushing clamp following ten minutes of breathing 
100% 0, and then breathing air. In a study of 10 animals with 
atelectasis of the lower lobe of the left lung the blood flow 
to the left lung decreased in every animal during atelectasis. 
The mean percentage of the cardiac output to the left lung was 
37%, (range 20 to 51%) during the control period, 23% (15 to 
388) during atelectasis and 36% (20 to 6%) following reinfla- 
tion. A greater decrease in flow has been observed in the ser- 
ies of animals now being studied with atelectasis of the left 
lung. The role of physiological reflexes and mechanical fac- 
tors upon the control of the distribution of pulmonary blood 
flow is debated among various investigators. These studies 
utilize new technics which can provide quantitative data in 
studies in man and animals with the thorax open. 


Physiology 


PULMONARY VASOMOTOR RESPONSE TO 5-OH-TRYPTAMINE (SHT) AND 
ACETYLCHOLINE (Ach) IN CALVES. H. Kuida, A.M. Brown*, J.L. 
Thorne*, R.L. Lange* and H.H. Hecht. U of Utah College of 
Medicine, Salt Lake City, Utah. 

The occurrence of spontaneous pulmonary hypertension in 
calves stimulated an investigation of pulmonary vascular re- 
activity in the bovine species. This study deals with the 
effects of SHT in 9 normal calves and Ach in 7 calves with 
spontaneous pulmonary hypertension. Pulmonary artery (PA), 
pulmonary artery wedge (PAw) and carotid artery (CA) pressures 
were measured by cardiac catheterization techniques. Cardiac 
output (CI) was measured by the dye dilution method. Changes 
in calculated pulmonary vascular resistance (PVR) before, dur- 
ing, and after drugs were analyzed to infer changes in vas- 
cular tone. The average changetS.E. from control measurements 
in various parameters in response to 3 minute infusions of 5HT 
(0.5 mg/Kg/min) were as follows; PA, +1.7+1.6 mm Hg; CA, -28 
peli 5 Hg; CI,+0.140.3 L/min/M*; and PVR,+0.11£0.22 mm Hg/L/ 
min/M“. Only the drop in CA was statistically significant (p< 
0.01). The response to Ach infusions (0.5-0.3 mg/Kg/min) were 
as follows: PA, -9.043.9; CA, -12+10; CI,+1.320.9; and PVR -3.8 
1.2. Only the decrease in PVR was significant (pd0.05). It is 
concluded that in calves S5HT is not an effective pulmonary 
vasoconstrictor but dilates systemic arterioles. Ach is moder- 
ately effective in reducing elevated pulmonary vascular tone. 
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Physiology 

EFFECTS OF CO? BREATHING ON PULMONARY HEMODYNAMICS. L. 
Linde,* D.H. Simmons, N. Lewis, and R.C. een oat 
Calif. Los Angeles Sch. Med. and Los Angeles V.A. Center, 

To determine the effects of increased alveolar CO. tensin 
on pulmonary hemodynamics, 18 experiments were performed og 
13 intact dogs. Measurements were made during control per- 
iods of O02 breathing before and after an experimental perigi 
of breathing of 5% or 8% C02 in Oj (8 experiments). The e. 
periments were repeated on totally adrenalectomized animals 
supported with'2 mg/hr of hydrocortisone throughout the ex- 
periment (4 experiments), or 2 mg/hr during control periods 
with an increase to 20 mg/hr during CO? breathing to simulat 
increased endogenous steroid production due to hypercapnia 
(3 experiments). Another group was studied following sham 
operation (3 experiments). In all 8 unoperated dogs, 
inhalation produced a rise in pulmonary vascular resistance 
(PVR) (range 66-128%, mean 92%) associated with a fall in 
arterial pH (.16 to .35). PVR did not rise in adrenalecto- 
mized or sham operated dogs. The increase in PVR could not 
be ascribed to mechanical factors since cardiac output and 
pulmonary arterial and left atrial transmural pressures in- 
creased during CO. breathing. This implies that active vaso 
constriction occurred. Failure of C02 breathing to elevate 
PVR after surgery may explain the variability of reported 
effects of CO2 breathing. (Supported by grant USPHS #5137.) 
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Physiology 
PULMONARY VEIN-LEFT ATRIAL JUNCTION: ANATOMY AND RESPONSE 10 CHR 
VARIOUS STIMULI, M, Eliakim* and D, M, Aviado, Hadassah AL 
Univ, Hospital, Jerusalem and The University of Penna, Med, H 
School, Phila,, Pa, aa 
In the dog, a well defined sphincter of atrial muscle sur- 7, 
rounds the superior pulmonary veins, while in the inferior 
veins this is inconspicuous, A difference in response to the 
intravenous injection of hypertonic saline (20%) was demon- be 
strated in the superior and inferior veins, the pressure 








usually rising in the superior and falling in the inferior e 
veins, Left atrial pressure fell or did not change in all pul 
instances, In another group of anesthetized dogs, the upper ear 
left lung lobe was perfused with blood at a constant flow, Thi 
Blood pressures were measured in the perfused pulmonary ar- How 
tery, arterial "wedge", extrapulmonary vein and left atrius, wit 
Epinephrine, norepinephrine, serotonin and adenosine tri- emt 
phosphate were shown to increase the resistance of the extra- an¢ 
pulmonary portion of the pulmonary vein, ATP increased the cha 
resistance of the intrapulmonary veins as well, All mentioned 
stimuli increased the pulmonary arteriolar resistance, 

The anatomical difference between the superior and inferior 
pulmonary veins at their junction with the left atrium may be 
of importance in the evaluation of their responses to various 
stimuli, 

Physiology 

INDUCED ALTERATIONS IN TWE DISTRIBUTION OF PULMONARY BLOOD DEC 
FLOW. M.A.Tuller,* D.E.Lehr* and A.P.Fishman. Columbia Uni- 
versity, New York, N.Y. Dor 


The influence of various stimuli on the distribution of the Tot 
pulmonary blood flow was tested in 430 unanesthetized rabbits. 
Following exposure to a test procedure or drug, each rabbit di 
received filtered india ink intravenously and was promptly si 
rificed by KCl-induced cardiac arrest. At autopsy, the lungs hs 
of control rabbits were diffusely stained whereas the lungs of = 
rabbits which had been subjected to catheterization of the t 
right ventricle or great veins were "patchy" and stained only a 
in the hilar areas. Atropine, vagotomy,NNo, sympathetic block io 
ade, heparin, hemorrhage, acetylcholine, epinephrine or sere 
tonin failed to produce "patchy" lungs nor did they prevent Me 
the occurrence of "patchy" lungs after catheterization. Mista e 
mine did produce "patchy" lungs in non-catheterized animals, # 
but che distribution of the pulmonary blood flow was shown by wi 
angiography to differ from that produced by catheterization. 
"Patchy" lungs could be prevented by prior administration of t 
antihistaminics, general anesthesia or destruction of the 2a | 
to 4th cervical segments of the spinal cord. The rapid onset pr 
of the "patchy" lung phenomenon and the manner of its pre- 
vention suggest an underlying neurohumoral mechanism; however, 
none of the known sympathetic or parasympathetic pathways 
be implicated. 
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Physiology 


(CE OF LEFT ATRIAL PRESSURE ON THE PULMONARY HYPERTEN- 

SIVE RESPONSE TO CONCENTRATED SALINE. R, C. Read*, J, A. 
fick*, M, W. Meyer*. V.A. Hospital & Univ. of Minnesota, 
Winaeapo lis 

The study was initiated to determine whether LMW dextran, 
yhich is reported to prevent sludging, would protect against 
the pulmonary thrombo~embolic effects of concentrated saline. 
1 ml./Kg. 15% NaCl was rapidly injected into dogs before and 
after infusion of 10 ml./Kg. 15% dextran, This treatment sig- 
nificantly reduced the usual pulmonary hypertensive response. 
However HMW dextran, plasma and blood were equally as effec- 
tive. Moreover previous infusion of isotonic saline also con- 
ferred immunity when given at a rate sufficient to raise left 
atrial pressure. Left atrial hypertension produced indepen- 
dently of changes in blood volume evoked similar amelioration. 
If this latter change was prevented by concurrent bleeding 
none of the infusions had a beneficial effect, Vice versa a 
fall in left atrial pressure was associated with an accentu-~ 
ated reaction. Microscopic examination of the intact lung 
during protection showed that red cell agglutination still 
occurred but the small vessels were dilated. These findings 
suggest that the susceptibility of the lung to microembolism 
can be altered by changing left atrial pressure. 


Physiology 


CHRONIC PULMONARY VASCULAR PRESSURE AND ANATOMICAL 
ALTERATIONS FOLLOWING PULMONARY EMBOLISM, 

H, Weisberg* J. Lopez*¥ J. Fridmarn*® R. Pick and 

t. N. Katz. Cardio. Dept., Michael Reese Hosp. 

and Med. Center, Chicago, Ill. 





Persistent pulmonary arterial hypertension may 
be observed following an acute episode of bilateral 
pulmonary edema subsequent to unilateral starch 
embolization. A similar persistent elevation in 
pulmonary artery wedge pressure is observed as 
early as 2 to 3 months following embolization. 
This preceeds the pulmonary artery hypertension. 
However, electrocardiographic changes do occur 
within 3 months. Dogs killed about a year after 
embolization have shown severe pulmonary arterial 
and arteriolar sclerosis with marked parenchymal 
changes in the lung. 


Physiology 


DEGREE OF LUNG INFLATION AND CAPILLARY FILLING. 
Donald F. Proctor, and Hajime Yamabayashi*, The 
Johns Hopkins University, Baltimore, Md. 

Lungs from freshly sacrificed dogs have been 
fixed in the inflated state and studied to 
discover relative changes in airways and 
vasculature related to the degree of lung 
inflation. With blood left in situ and 
intravascular pressure controlled the lung has been 
fixed with formalin steam (method of Weibel) sect- 
ioned and stained. It is not uncommon, in the lung 
inflated with pressures of 25-28 cm H20, to see 
small vessels which seem to be compressed, and to 
fail to discover open capillaries. In two lobes 
from the same dog, treated in identical fashion, 
submitted to identical vascular pressures during 
fixation, but inflated with pressures of 5 and 25 
cm H20 respectively, there is much more capillary 
filling in the lobe inflated with the lower 
pressure. 








Physiology 


THE EFFECT OF POSTURE AND VENOUS RETURN ON PULMONARY 
CAPILLARY BLOOD FLOW. A and K e 
Cardiovasc, Res. Inst., ay Sa tassermee 

The effect of posture and venous return on pulmonary capil- 
lary bleod flow was studied in nermal men by a recently des- 
eribed N20 technique (Wasserman and Comree, Fed, Proc. 1960). 
Mean pulmonary capillary blood flew was measured in sequence 
in the follewing situations: 1) supine 2) upright (tilt 
table) 3) upright with pressure cuffs inflated around the 
thighs 4) supine with the pressure cuffs inflated 5) supine 
with the pressure cuffs deflated. In the upright position, 
the blood flcw fell to 60 te 70 per cent of that in the suptne 
position and remained at this tevel when pressure cuffs were 
inflated to 60 mm Hg and when the subject was tilted back te 
the supine positien (cuff inflation maintained). Deflation 
of the cuffs in this position resulted in an increase in mean 
pulmonary capillary blood flew te the initial supine value, 
These studies indicate that the decrease in pulmonary capil- 
lary blood flow in the upright position is secondary to the 
reduction in venous return associated with the upright pos- 
ture and not to the posture itself, The effect of posture on 
instantaneous pulmonary capillary blood fiow was also studied. 
While peak flows were reduced in the upright position the 
pettern of flow was more pulsatile than in the supine posi- 
tion. (Supported by U.S.P.H.S. Grant-H-4029 and ONR-222,) 


Physiology 


SOME EFFECTS OF HEART DISEASE ON THE DISTRIBUTION OF PULMONARY 
BLOOD FLOW IN MAN, P, Hugh-Jones*, C.T, Dollery* and 

J.B. West*, Med. Res. Council and Postgraduate Med. School, 
Hammersmith Hospital, London, U.K. 

The distribution of pulmonary blood flow can be assessed 
following the inhalation of a deep breath of air containing «4 
minute trace of carbon dioxide labelled with oxygen-15. The 
radiation emitted is detected by pairs of scintillation coun- 
ters opposed in front of, and behind the chest. C150. is 
transferred exceedingly rapidly from alveolar gas to pulmonary 
capillery blood, so that after the deep inhalation the rate of 
counting rate falls during breath holding as the labelled 
pulmonary capillary blood is swept from the cylinder of lung 
between the counters. This rate of fall is used as a measure 
of the regional blood flow. In normal subjects sitting up- 
right at rest, the flow in the upper zones of the lungs is 
much less than in the lower zones, This difference tends to 
be abolished by lying dowm or by exercise. In mitral stenosis 
of moderate severity the flow may be equal top and bottom, 
while in severe stenosis the flow may actually be reversed. 

A similar redistribution of blood to that in mitral stenosis 
is found in patients with left-sided heart failure, In 
patients with intra-cardiac septal defects, the normal resting 
difference between these zones is less marked, Any left to 
right shunt can be detected, The technique is proving useful 
in assessing such patients before and after surgery. 


Physiology 


GAS EXCHANGE VESSELS IN THE CAT LUNG. UG, Stemb*. Cardio- 


vasc. Res. Inst. and Dept. Physiol., U. Cal., S.F. 
The processing of rapidly frosen lung tissue involves weeks 
of fixation in cold organic solvents and protein precipitants 
While studying 


reaching the anatomical capillaries. (Supported in part by 
the Cal. TB Assn. and U.S.P.H.S. Grant H-4029 and 0.N.R. - 223 
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Physiology 


CAPILLARY COLLAPSIBILITY:DETERMINANT OF PULMON- 
ARY VASCULAR RESISTANCE. S. Rodbardand K. Kuramoto. 
Univ. of Bflo Chronic Disease Research Institute, Buffalo, N. Y. 

Experiments on isolated lungs demonstrate that resistance, 
R, to bloodflow is a function of capillary distention or collapse. 
When alveolar pressure, Pajy, exceeds intracapillary press- 
ure, the capillary collapses andR is high. As left atrial press- 
ure, PLA, is raised, it balances PAly, distends the capillary 
and lowers R; further rise of PLA has slight effect on R. Raised 
perfusion pressure increases flow, raising venular pressure 
and affecting R indirectly. Positive pressure lung inflation has 
no effect on R when PLA>Pajy- When afixed Paly> a 
fixed PLA, inflation diminishes R, probably through venule 
elongation, raising capillary outlet pressure (Circ. 11:280, 1955). 
Our results indicate that: ; 

1/R = Lung Wt. - (PLA + aQ +b Inflation) - PAly]° 
where Q is blood flow/min. and a, b, and c are constants. 
These effects have been duplicated quantitatively with collaps- 
ible penrose tubes. If pulmonary vasomotion is implied, sig- 
nificant deviations from these mechanical effects must be demon- 
strated. 


Immunology 


THE INVOLVEMENT OF TYROSINE IN THE COMBINING REGIONS OF 
SEVERAL ANTIBODIES. Allan Grossberg*and 
Roswell Park Memorial Institute, Buffalo, N.Y. 


Tyrosine appears to be present in the combining site of 
several anti-hapten antibodies. This is shown by chemical 
alterations known to affect tyrcsine, i.e. acetylation, lodi- 
nation and coupling with diazonium compound. The effect of 
chemical alteration is observed as either a reduction in the 
number (b) of binding sites or a change in average binding 
constants (Ko) for hapten or both. Thus acetylation of anti- 
p-azobenzoate antibody results primarily in a reduction in b 
whereas in the anti-3-azopyridinium system it results in a re- 
duction in Ko. For anti-p-azophenylarsonate and anti-p-azo- 
phenyltrimethylammonium antibodies there are reductions in 
both b and Kg- The magnitude of these effects is dependent 
on the degree of chemical alteration produced. The same de- 
gree of alteration of different antibodies was obtained by 
treating mixtures of antibodies. The observations provide 
evidence that tyrosine in the antibody combining site has 
different degrees of involvement in different antibodies. 
Tyrosine may vary in the chemical reactivity in the different 
sites due to influence of different neighboring groups or may 
be contributing more or less to the binding of hapten by its 
spacial relationship in the site. 


078 CARDIOVASCULAR SYSTEM—Blood Flow—Renal 
Physiology 


ERRONEOUS RENAL VASCULAR RESISTANCE CALCULATIONS LUE TO 
DISCREPANCIES IN THE MEASUREMENT OF RENAL BLOOD FLOW FOLLOWING 
URETERAL OCCLUSION AND CF INTRARENAL VENOUS PRESSUtk THROUGH 
THE RANGE OF AUTOREGULATION. L.B. Hinshaw, A.A. Hakim, D. M. 
Worthen* and Q. N. Anderson*. Department of Physiology, Univ- 
ersity of Minnesota, Minneapolis, Minnesota. 

The purpose of this report is to point out discrepancies 
in the findings of Malvin,et al(A.J.P.19:135,1958) and Waugh 
(Circ. Res. 8:871,1960) which appear to contradict our recent 
explanation of renal autoregulation (A.J.P.197: 30951959). (1) 
Our results show that ureteral occlusion decreases renal blood 
flow and increases renal vascular resistance in intact and iso- 
lated dog kidneys to a sinilar degree as that observed through 
the total range of autoregulation. (2) Our findings also show 
that in the isolated heart-lung perfused kidney there are a 
variety of intrarenal venous pressures which differ according 
to the depth of the measuring catheter. Changes in venous 
pressure measured by a deeply placed catheter show that the ma 
jor increase in resistance during autoregulation is in the ven 
ous segment. It is also difficult to measure intrarenal venous 
pressures because of the tendency for the catheter to slip 
downstream as ‘he renal artery pressure is increased, resulting 
in falsely low values. These latter factors constitute an 
artefact which results in erroneous venous segment resistance 
calculations. (Circ. Res. 8:871, 1960). 
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Physiology 
RENAL AUTOREGULATION: CAPILLARY FILTRATION OR MYOGENIC RE- 


SPONSE? Allen M. Scher, Paul McDonald* and Alan R. Koch, 
Dept. of Physiology & Biophysics, Univ. of Washington, Seatti, 


Although renal autoregulation is widely held to result fro, 
a myogenic response of smooth muscle (when subjected to grade 
ually increased pressure the diameter of some arterioles be- 
comes smaller and smaller), some believe that the phenomenon 
involves filtration (as pressure increases, fluid leaks out 
through capillaries, compressing low-pressure vessels), Evi- 
dence for either theory is inferential since in neither case 
can proper pressures be measured, The tonicity of the perfus- 
ing fluid affects renal flow and glomerular filtration rate ip 
a fashion predictable from the filtration theory. If the kid- 
ney is perfused with fluid of increased tonicity, autoregula 
tion occurs normally, but at each pressure the flow is higher 
than with a perfusion fluid of normal tonicity. If more dilute 
fluids are used, the renal flow curve is lower than the norm] 
one. With a marked decrease in tonicity, autoregulation be- 
gins at a much lower pressure. Data from this and other lLabor- 
atories permit us to dismiss the concept that renal autoreg- 
ulation is only preglomerular. The various metabolic poisons 
(procaine, etc.) which, in high concentrations, abolish renal 
regulation greatly affect the glomerular filtration rate. The 
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Physiology 
FURTHER EVIDENCE FOR THE UNIMPORTANCE OF RENAL AUTOREGULATION, 
Jimmy B. Langston*, Arthur C. Guyton, and Clarence G. Hull*, 
Univ. Medical Center, Jackson, Miss. 

Studies reported previously from this laboratory have indi- 
cated that the kidneys may not autoregulate their blood flow 
under normal conditions. However, others have raised two ma- 
jor objections to these studies: (1) the possibility of extre 
renal blood flow via the two lumbar arteries which arise near 
the left renal artery and (2) the low renal blood flows which 
we reported (0.6 and 2.0 cc/min/gm. at a normal perfusion 
pressure of 120 mm. Hg). The experiments of this study were 
designed to show that there was no extrarenal blood flow and 
to determine why the blood flow in the previous studies had 
been less than that reported by others. It was found that 
when total spinal anesthesia was instituted prior to opening 
the abdomen, which was not done in earlier experiments, the 
renal blood flow became completely normal—2.4 to 4.25 cc/min/ 
gm. Our experiments, however, have indicated only a slight 
degree of autoregulation (no more than that which exists in al- 
most all live tissues) even though the renal blood flow was in 
this higher range. After the completion of each of these 
pressure~flow studies, each branch of the renal artery was 
clamped near the kidney. The perfusion pressure was again in- 
creased from 0 to 300 mm. Hg, and we were unable to detect any 
extrarenal blood flow. (Supported by a grant from NIH.) 


Physiology 


THE TIME COURSE OF AUTOREGULATION OF RENAL BLOOD FLOW. Rodney 
B. Harvey, Dept. Physiology, Univ. Utah, Salt Lake City, Utah 
Isolated dog kidneys were perfused with blood by means of 
an arterial bypass from a heparinized dog. Perfusion pressure 
was changed step-wise over the range of 80-160 mm Hg. Perfus- 
ion pressure,kidney weight, and ureteral pressure were record- 
ed continuously. Renal vein outflow was measured by sensing 
the accumlation of blood in a cylinder with a pressure trans- 
ducer, A change in perfusion pressure was always accompanied 
by a nearly proportional change in renal venous flow, however 
within less than a minute, this flow returned toward the pre- 
vious rate. In four preparations in which good autoregulation 
was demonstrated, most of the flow resistance change occurred 
after 0.5 minutes of sustained pressure change. In each case 
the flow changes were more rapid than the resistance changes. 
There were no consistent changes in resistance when the pres- 
sure change lasted less than 0.5 minutes in preparations show- 
ing good autoregulation during more sustained pressure changes. 
Kidney weight and nephron pressures measured during osmotic 
diuresis with the ureter obstructed were found to change more 
rapidly than autoregulatory vascular resistances. The resist- 
ance changes were usually confined to the post-glomerular 
vascular segment. These findings argue against viscosity 
changes or nephron distension as mechanisms of autoregulation. 
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Physiology 
i RELATION OF THE COMPOSITION OF FLUID DRAINING FROM THE 
OAL VEIN OF THE EXCISED KIDNEY TO THE INTRARENAL HEMATOCRIT. 


, Polosat and W. F, Hamilton. Dept.‘ of Physiology, Medical 
follege of Georgia, Augusta, Ga. 

Successive samples of renal vein fluid come to a plateau of 
protein concentration whose height is much less than that of 
the plasma. The hematocrit of the fluid declines progressive- 
ly. After fluid had stopped draining the renal vasculature 
yas washed out by successive small perfusions. Cells disap- 

from the perfusate before proteins. The proteins in 
the perfusate were thought to be intravascular plasma pro- 
teins (PP) because of their globulin content and because they 

to draw water from the interstitial fluid until an 
oncotic equilibrium plateau was formed with the tissue fluid. 
The total volume of plasma which had been in the renal vascu- 
lawre was calculated from the drained PP, plus the washed out 
pP and the concentration of PP in the arterial blood. The 
yolunme of RBC in the kidney was measured as the sum of red 
cells in the drainage fluid and perfusates. The intrarenal 
tlood volume and its hematocrit were calculated from the 
shove findings and found to be on the average BV 22.9 m1/100 
nl Kidney volume and Het 58% of the Hct of blood normally per- 
fusing the kidney. These observations are being repeated on 
Kidneys in the hyperemic state and during perfusion with epi- 
nphrine. (Supported by USPHS grant HTS-50) and AHA). 
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Physiology 


RENAL BLOOD FLOW AS MEASURED BY DIREC’' AND INDIRECT METHODS. 
M, Atik* and R. Gutierrez-Saenz.* Departments of Surgery and 
Physiology, Louisiana State University School of Medicine, 

New Orleans, Louisiana. 

Several methods for measuring renal blood flow have been 
desoribed and limitations and sources of errors in each have 
been recognized. A comparison between the direct method 
recently described by Bounous and Shumacker and the classical 
indirect method using P.A.H. clearance seemed desirable. This 
was performed simultaneously in a number of anesthetized dogs 
subjected to laparotomy. While under stable normotensive con- 
dition and with adequate urine output, there was fairly good 
correlation between the two methods; discrepancies became 
apparent when animals showed evidence of hypovolemia and 
developed hypotension. The direct method appears to be useful 
in acute experiments, reliable for determining instantaneous 
changes in renal blood flow, especially at low pressures, and 
independent of renal function and urine output. (Supported by 
agrant from the Louisiana Heart Association.) 


Physiology 

CHARACTERISTICS OF THE PRESSURE-FLOW REGULATION OF THE NORMAL 
KIDNEY. Herman E. Schmid, Jr.* and Merrill P. Spencer. 
Bowman Gray School of Med., Winston-Salem, North Carolina. 

Pressure-flow relationships in the dog kidney were stud- 
ied by means of a square wave electromagnetic flowmeter probe 
placed around the renal artery by way of a retroperitoneal ap- 
proach, Renal artery pressure was varied by a clamp proximal 
and recorded via a 21 gauge needle distal to the probe. Re- 
ductions in artery pressure from control levels to 50 mm.Hg 
tesulted in an immediate drop in blood pressure and flow with 
a rapid return and stabilization of flow toward control lev- 
els while the pressure remained at the reduced level. Recov- 
ery time occurred within 5 - 60 secs. but was more prolonged 
at lower levels of artery pressure. Recovery of flow was 
usually greatly impaired or lost at pressures below 50 mm.Hg. 
Pressure-flow plots of stabilized values describe a curvilin- 
ear form, concave toward the pressure axis, Preliminary evi- 
dence indicates that a peak of maximum flow may occur in the 
tange of normal blood pressure. The extraction ratio of inu~- 
lin demonstrated that the predominant change in intrarenal 
tesistance occurred in the pre-glomerular segment; PAH ratios 
indicated no major shunting of blood through non-tubular as- 
sociated vascular channels. These findings support the con- 
cept of an intrarenal regulation of flow in the face of re- 
duced pressure. [ Supported by: HTIS-5392, H-5948, H-2630.] 
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Physiology 

ANALYSIS OF THE DYNAMIC PRESSURE-FLOW RELATIONSHIP IN THE 
RENAL ARTERY. Haruka Okino* ano Merritt P, Spencer, Dept. oF 
Puystot. & PHarme, Bowwan Gray Scu. oF Mep.,Winston-SaLem,N.C. 

THE RENAL FLOW PULSE WAS COMPUTED FROM 
THE PRESSURE PULSE OF THE ABDOMINAL AORTA 
AND COMPARED WITH THE RECORDING OF THE wnlig 
SQUARE=WAVE MAGNETIC FLOWMETER. THE GENER= 
AL EQUATION FOR THIS COMPUTATION 1S: Fo = 
KyoP/or + KoP + Kz wHere Fe = computep ‘ 
FLow; P = AorRTIC PRESSURE; Ky.3 = COEFFI- CC/nin 
cients, so KjoP/oT REPRESENTS THE COMPLI- Acetyl 
ANCE OF THE VASCULAR BED, KoP THE coNnoUCcT- hol 
ANCE OF THE BED ANO Kz THE EXTRAPOLATED 
PeF INTERSECTION ON THE P axis. WHEN SIM= 
ULATED BY AN ELECTRONIC ANALOG CIRCUIT, 
Fo DIFFERED FROM F ONLY BY A SLIGHT PHASE 
LAG ARISING FROM THE TRANSMISSION TIME 
BETWEEN THE PRESSURE NEEDLE AND FLOW PROBE. 
UPON INJECTION OF VAEO=ACTIVE AGENTS 
DIRECTLY INTO THE RENAL ARTERY, CHANGES IN 
COEFFICIENTS Kj_3 EXPRESSED CHANGES IN 0 
SEPARATE PHYSIOLOGIC CHARACTERISTICS OF 
THE RENAL @rD. 
Supporteo sy USPH Grants H=26%0 ano HTS- 
5390 ano Am. Heart Assoc. GRANT. 
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Pharmacolcgy 


THE EFFECT OF SOME HYPOTENSIVE AGENTS ON RENAL PLASMA FLOW 
IN THE UNANESTHETIZED DOG. G. L. Wagle* and A. J. Plummer 
Research Dept,, CIBA Pharmaceutical Products Inc. ,Summit,N.J. 
It has been of interest to study the effects of reserpine 
and some of its related analogues, together with some other 
known hypotensive agents, on GFR and RPF in the unanesthetized 
dog. Reserpine, rescinnamine, syrosingopine, guanethidine, 
and l-hydrazinophthalazine were given at doses and at inter- 
vals of time sufficient to produce a moderate hypotension. 
Methyl 0-(2-tetrahydropyranyl) reserpate, which is not hypo- 
tensive but sedative in action, was given in a moderately 
sedating dose. GFR and RPF were determined with the use 
of inulin and P-aminohippuric acid respectively under man- 
nitol-induced diuresis in the trained, unanesthetized female 
dog. The daily oral administration of reserpine effectively 
increased RPF in the dog. Effects such as sedation, hypo- 
tension, miosis, relaxation of the nictitating membrane and 
bradycardia were also present. 1-hydrazinophthalazine and 
methyl 0-(2-tetrahydropyranyl) reserpate also increased RPF. 
Rescinnamine, syrosingopine and guanethidine caused little 
or no change in RPF or GFR. The sodium and potassium levels 
in plasma and urine were studied concurrently in these 
experiments. 


Pharmacology 


FEMORAL AND RENAL BLOOD FLOW AND RESISTANCE CHANGES, John C, 
McGiff* and Domingo M, Aviado, Univ, of Penna, School of Med,, 
Philadelphia, Penna, 

Simultaneous and continuous recording of venous flow (rota- 
meter) of a femoral and renal bed of the dog revealed dis- 
similar responses in these regions, Bilateral common carotid 
occlusion and hypoxia (5% 09) cause a greater increase in 
femoral resistance than in renal resistance, Whereas levar- 
terenol and hypertensin produce a greater increase in renal 
than in femoral resistance, Bleeding is associated with re- 
sistance changes in opposite directions, the renal bed's re- 
sistance increasing, the femoral bed's decreasing, Aortic 
constriction causes a reduction in the resistance of each bed; 
the femoral bed's resistance is reduced significantly more 
than the renal vascular resistance, These results suggest 
that the femoral bed is more reactive than the renal following 
baroreceptor or chemoreceptor induced changes, In contrast 
the renal bed is more susceptible to hormonal stimuli, To 
those stimuli reducing perfusion pressure, renal blood flow 
is more likely to be compromised, 
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Relationship of sweating, skin temperature and cutaneous 
blood flow in the calf and forearm. Leo C. Senay,Jr.,* Leon 
D._Prokop,* Leslie mau* and Alrick B. Hertzman. St.Louis 
Univ., St. Louis, Mo. 

In experiments conducted in a climate chamber, the rela- 
tions between cutaneous vasodilatation, local skin temperature 
and the onset of local sweating were examined in the calf and 
forearm. Calf vasodilatation was less in the "leg sweater" 
and forearm vasodilatation was less in the "arm sweater," 
local skin temperatures were correspondingly less. In neither 
area was there any apparent correlation between the onset of 
sweating and the progress of vasodilatation. When local evap- 
oration was prevented by a plastic bag on the forearm the 
resultant higher local skin temperature correlated with high- 
er local blood flow until a "second stage" of cutaneous vaso- 
dilatation appeared. This stage seemed to be independent of 
the onset of sweating and possibly related to vasodilator in- 
pulses since the relation of skin temperature to skin blood 
flow changed at this time. If the local skin temperature did 
not rise above 35.7° C. marked vasodilatation did not occur 
whether or not sweating was present. The influence of the 
postulated local liberation of bradykinin on the local skin 
blood flow was not apparent. (Supported by AF Contract 
33(616)-7077 and USPHS grant H~,939.) 


Physiology 


HEAT EXCHANGE THROUGH THE SKIN IN THE TAIL OF 
THE MUSKRAT (Ondatra zibethicus). Kjell Johansen. * 
Arctic Aeromedical Laboratory, APO 731, Seattle, Wash. 
The muskrat has a pelage of high insulative value while the 
tail is naked. The importance of the tail for maintenance of 
thermal balance is shown here. At ambient temp. (A.T.) be- 
tween 0-20°C the rectal temp. (R.T.) ranged between 37-39°C. 
Subcutaneous temp. on the trunk were within 1.5° of R.T. while 
in the tail they followed the A.T. At A.T. above 25°C,: after 
general body heating, or following exercise, the tail temp. 
rose to 35-37°C. Tail blood flow increased concomitantly by 
a factor of 100-180. The flushing of the tail kept R.T. below 
39.0°C. Upon occlusion of tail blood flow, body heating caused 
a rise in R.T. to 41.0-42.0°C. Nerve block in the tail at max- 
imal blood flow led to a prompt decrease in tail temp. and 
an increase in R.T. Nerve block before heating or exercise 
prevented the described increase in blood flow and hyper- 
thermia resulted. It is concluded that the tail is an essential 
heat exchanger, reducing excess heat from increased meta- 
bolism or general body heating. The evidence suggests that 
the conspicious changes in tail blood flow are mediated 
through a sympathetic vasodilator mechanism. 





Physiology 


SIMULTANEOUS DETERMINATION, BY DYE MEASUREMENTS, OF VASCULAR 
VOLUME AND CONDUCTANCE IN DOG'S PAW. H. D. Green, C. E. Rapela 
and G. Lin.* Bowman Gray School of Med., Winston-Salem, N. C. 
To detect independent changes of vascular conductance and 
capacitance, the following were measured in the isolated dog's 
forepaw perfused at a controllable, constant pressure; inflow 
(electromagnetic meter - EM), perfusion pressure and dye con- 
centration of venous blood (Gilford densitometer). Indocya- 
nine green (0.12 mg.) was injected intra arterially (square- 
wave). Injection and withdrawal were both via "mixers". Dye 
concentration, together with its integral were recorded on a 
two channel writer. Flow computed from dye concentration 
agreed closely with EM flow. Dye flow/EM flow = 103% s = 4.6). 
Vascular volume was calculated as flow x mean transit time 
(computed from the integrated dye curve). Typical control da- 
ta were: flow - 20 ml/min, mean transit time - 0.25 min, and 
volume - 5 ml. Increase in perfusion pressure caused increased 
flow with variable and usually small changes in conductance 
(flow/pressure) and vascular volume. Acetylcholine caused sig- 
nificantly greater increases in vascular volume, flow and con- 
ductance. Conclusion: Under certain conditions flow, conduct- 
ance and vascular volume can vary independently. (Supported 
by PHS Grant H-487.) 
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COLD VASODILATATION AFTER IONTOPHORESIS WITH ADRENALINE 
AND WOR-ADRENALINE., W. R. Keati - Dept. of Experimental 


Medicine, Univ. of C » England. 
The contractile response of fsolated mammalian 


arteries to adrenaline was found earlier te be grossly 
impaired at near freezing temperatures. The present 
experiments were designed to show whether human arterioles 
behave in a similer way. Blood flow in index fingers, 


assessed by heat-flow calorimetry, was suppressed 


local fontophoresis of adrenaline or nor-adrenaline, 
The subjects sat in a warm room (31 - 34°C.) during the 
fontophoresis, and when blood fiew in the fingers had 
been suppressed, it could not be restored by applying 
radiant heat te the subjects. However, when these 
fingers were immersed in ice-water, their blood flow 
always returned. It frequently rose to about half the 
level reached by control fingers in ice-water, and then 
declined slightly and stabilized. The blood flow fell 


to low levels again when the fingers were removed 


the ice-water and rewarmed. These results support the 
view that cold vasedilatation is due largely to an 
impaired arteriolar and arterial response to constrictor 


drugs at lew temperatures. 


080 CARDIOVASCULAR SYSTEM—Blood Pressure 


THE EFFECT OF THE PERICARDIUM ON LEFT VENTRICULAR 
PRESSURE. E. A. Rhode* and J. P. Holt. Univ. of 


Davis, and Heart Lab., Univ. of Louisville, Louisville, Ky, 

In anesthetized open-chest dogs subjected to plethora and 
hemorrhage, left ventricular volumes were determined by an 
electric conductivity method described earlier (J.P.H.) and 
left ventricular, aortic, and right atrial pressures measured 
with the pericardium intact and following its removal, 


Intrapericardial pressures wer: measured directly 


calculated by a formula previously described by us. Fol- 
lowing infusions of about 8% of body weight, the maximum left 
ventricular diastolic volumes obtained were approximately the 


same before and after removal of the pericardium. 


ventricular transmural pressure at diastole reached 5-10 m 
Hg. during plethora with the pericardium intact, but with the 
pericardium removed reached values of the order of 30-35 m 
Hg. and was significantly higher at all comparable diastolic 
volumes following removal of the pericardium, except near the 
minimum volumes consistent with life. These experiments in- 
dicate that the pericardium protects the left ventricle from 
high diastolic transmural pressures, and that following its 
removal diastolic transmural pressures approaching that of 
right ventricular systolic pressure may be reached in the 
left heart. (Supported by U.S.P.H.S. Grants #1534 and #2075; 
The Ky., Louisville and Jefferson County Heart Assns.) 


A COMPARATIVE STUDY OF THE CARDIOVASCULAR EFFECTS 


RINE AND NOREPINEPHRINE. T.K. Akers*® and C.N. Peiss, Dept. 


of Physiology, Stritch School of Medicine and The 
School, Loyola University, Chicago, Tllinois. 


Our knowledge of the physiologic evolution of the control 


of the cardiovascular system is fragmentary. The 


report deals with the effects of epinephrine and norepine- 
phrine upon circulatory dynamics in alligators, turtles, 
opossums and chickens. The following criteria were examined: 
1. changes in diastolic blood pressure; 2. changes in mean 
blood pressure; 3. changes in pulse pressure; ). changes in 
heart rate. Epinephrine is more effective than norepine- 
phrine in elevating diastolic blood pressure in the alligator 


and chicken. In the turtle and opossum, however, 


phrine produced greater increases in diastolic blood pressure. 


Pulse pressure responses to epinephrine and norep 


were similar in the turtle, alligator and opossum; however,, 


norepinephrine is more effective in the chicken. 


species heart rate is increased more by epinephrine than by 
norepinephrine. However, there are significant differences 
in the magnitude of the chenges in heart rate among the 


species tested. 
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Physiology 


18 RELATION OF DOG HEART SOUNDS TO VENOUS AND ARTERIAL 
PRESSURES. A. We Sloan* and J. F. Jarvis.* Departments of 
physiology and Anatomy, University of Cape Town, South Africa. 

Heart sounds were recorded directly from the exposed right 
ventricle of Knowlton-Starling heart-lung preparations of 10 
large dogs; venous pulsation, electrocardiogram and arterial 
blood pressure were recorded simultaneously. An appreciable 
pressure drop, depending on cardiac output, was found to occur 
between the aorta and the recording manometer in the external 
cirevit, so arterial blood pressure readings were corrected to 
correspond to true aortic pressures. Venous pressure was 
altered by raising or lowering the venous reservoir; arterial 
pressure by altering the resistance to flow through the ex- 
ternal circuit. Heart rate was very constant during the ex- 

nts. Increasing the venous pressure increased the 

cardiac output and the amplitude of the first heart sound; the 
amplitude of the second sound usually diminished but the fall 
yas not significant. Increasing the arterial pressure from 
low normal up to hypertensive levels increased the amplitude 
of the first heart sound; the amplitude of the second sound 
also increased up to an arterial pressure of 120-10 mm. Hg, 
beyond which it diminished. The third and fourth heart sounds 
were not recorded sufficiently frequently to merit analysis. 
It seems that not all the factors affecting the amplitude of 
heart sounds are controlled in this preparation. 





Pharmacology 


ARTERIAL PRESSURE CHANGES BY DRUGS INJECTED INTO ISOLATED 
PULMONARY CIRCULATION IN DOGS. Koichiro Taka: *., Depts. 
Pharmacology and Physiology, Med. Coll. of Georgia, Augusta. 
The changes in the systemic arterial pressure caused by 
several drugs injected into the pulmonary artery of the iso- 
lated left lung preparation in anesthetized open-chest dogs 
have been studied. The systemic arterial pressure increased 
about 13-80 mm Hg after injection of serotonin, 0.1-0.2 mg/kg. 
This response was accompanied by bradycardia and sometimes by 
an initial fall of the blood pressure of about 10-27 mm Hg. 
After cutting the left vagus nerve, the increase in pressure 
and bradycardia caused by serotonin was prevented or markedly 
reduced. On the contrary, the systemic arterial pressure de- 
creased about 10-48 mm Hg and was accompanied by bradycardia 
when veratrine, 0.1-0.2 mg/kg, was injected, This lowering of 
blood pressure and the bradycardia was prevented or markedly 
reduced by cutting the left vagus nerve. The responses 
elicited by serotonin and veratrine might be due to the pul- 
monary circulatory chemoreflexes which have been described by 
Dawes; Aviado et al.; and Rose et al. We also tested the 
reflex effect of some other drugs using the same preparation. 
The mechanism of these alterations in the systemic arterial 
pressure induced by several drugs will be discussed. 
(From the Cardiovascular Research and Training Program, 
supported by grant HTS-5044, National Heart Institute.) 


Pharmacology 


THE MECHANISM OF THE DEPRESSOR RESPONSE TO TRYPTAMINE AND 
SEROTONIN IN THE CHICKEN, R,D.Bunag* and E,J.Walaszek, Dept, 
of Pharmacology, Kansas Univ, ~ school, Kansas City, Kan, 
Studies were made on chickens under phenobarbital anesthe- 
sia to determine the mechanism underlying the depressor re- 
sponse to tryptamine and serotonin in this animal, In most 
instances, atropine (0.5-5.0 mg/kg) produces a reversal of the 
depressor response even with doses inadequate for cholinergic 
blockade, Furthermore, since the depressor response is not 
significantly affected by vagotomy, physostigmine or mecamyl- 
amine (the latter drugs given in doses which produce acetyl- 
choline potentiation and ganglionic blockade respectively), 
the possible involvement of a cholinergic or reflex mechanism 
eagle unlikely, That the effect of atropine in this situa- 
on may be due to its antihistaminic activity is suggested by 
the finding that atropine converts the histamine depressor re- 
sponse to a biphasic depressor-pressor effect, This explanation 
gains further onguart in the observation that the antihistami- 
nic drugs, para-bromdylamine and diphenhydramine, either block 
or alter the character of the depressor responses to tryptamire 
Serotonin and histamine. Results indicate that the Rane ad fac- 
tor responsible for the depressor response to tryp and 
Serotonin in chickens is histamine mediated. Histamine is 
mown to be an adreno-medullary stimulant, and the appearance 
of a pressor phase following atropine or antihistaminic drugs 
could possibly be explained on this basis.,. 
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Pharmacology 


THE ACTION OF HYDROXYZINE (ATARAX) ON THE PRESSOR RESPONSES TO 
EPINEPHRINE AND NOREPINEPHRINE. Theodore R. Sherrod. Dept. 
of Pharmacology, University of Illinois College of Medicine, 
Chicago 12, Illinois. 

Hydroxyzine is characterized by a variety of pharmacologi- 
cal actions which appear not to be directly related to its 
psychopharmacological effects. Among its numerous peripheral 
actions it exhibits a potent antihistaminic property. Many 
antihistaminics potentiate the pressor responses to epineph- 
rine (Sherrod, Loew and Schloemmer, J.P.E.T. 89: 247, 1947). 
This investigation was designed to determine the actions of 
hydroxyzine on the pressor responses to epinephrine and nor- 
epinephrine in the anesthetized dog. Following control 
responses to pressor doses (10 ug/kg) of epinephrine and nor- 
epinephrine administered i.v., hydroxyzine was administered 
intravenously in doses of 5 or 10 mg/kg. After a period of 15 
minutes epinephrine and norepinephrine were administered alter 
nately. The pressor response and the duration of response to 
epinephrine was greatly reduced. The pressor response to nor- 
epinephrine was reduced but to a much less marked degree than 
to epinephrine. Hydroxyzine, though chemically quite closely 
related to diphenhydramine, has an opposite effect to this 
drug on the pressor responses to epinephrine. (Supported by 
USPHS Grant No. H-2354 (C3).) 


Pharmacology 


ADRENAL MEDULLARY BLOCKADE ON EPHEDRINE TACHPHYLAXIS 
R.W. Gardier* and A.B. Richards* Pharmacol. and Anesthesiol. 
Departs. Indiana Univ. School of Med. Indianapolis, Indiana. 
Data on reserpinized animals indicates that the pressor 
response to ephedrine is due to catechol amine release, The 
initial pressor response and pressor decrements upon repeated 
administration of ephedrine were investigated following spe- 
cific adrenal medullary blockade with N,N-diisopropyl,N*-iso- 
amyl ,N'-diethylaminoethylurea(P-286). Carotid pressure was 
recorded in pentobarbitalized dogs with a mercury manometer. 
Ephedrine SO,4,1 mg/kg, was given into a cannulated femoral 
vein every 15 min. for 9 inject. . The initial mean pressor 
effect in animals getting P-286 did not differ from the con- 
trols. However, tachyphylaxis developed more rapidly in those 
receiving P-286. To determine if a diencephalic component was 
present, similar studies were completed in dogs with spinal 
transections at the sixth cervical vertebra. The control 
animals and those with adrenal medullary blockade(P-286) were 
equally hyper-responsive to the initial dose of ephedrine. 
Cord transection in the control group had little effect on 
tachyphylaxis development. In comparing the groups treated 
with P-286, tachyphylaxis occurred more slowly with cord 
transection, Thus, the dogs with adrenal medullary blockade 
plus cord transection responded similarly to the controls. 
(Supported by a grant from Eli Lilly Co. 165-894C-16) 





Pathology 
HISTOLOGIC CHANGES IN THE ARTERIAL WALL DURING VASOCONSTRIC- 
TION. rd M. W . Vv * and Robert 


Rushmer. New York Medical College, N.Y., and Univ. of 
Washington School of Medicine, Seattle. 

Preparations of arteries by conventional formalin fixa- 
tion and paraffin embedding are often difficult to correlate 
with the functional state of the vessel. Vessels of com- 
parable size in the dog mesentery were selected for study. 
Local vasoconstriction was produced by the initial applica- 
tion of epinephrine in the connective tissue adjacent to the 
arterial adventitia. Following the development of vasocon- 
striction with cessation of distal blood flow, the vessel 
was quickly stapled at constant length to a cardboard holder. 
Immediate freezing in isopentane at -170°C and subsequent 
freeze-substitution for 7 days at -70°C was carried out. 
Paraffin blocks were serially sectioned through the areas of 
distal "collapse", vasoconstriction and proximal dilatation. 
Marked changes in the endothelial cells, internal elastic 
lamina and inner one-third of the muscularis were observed at 
the site of vasoconstriction. The techniques employed allow 
for maximal preservation of structure and the application of 
histochemical procedures. (Supported by a grant from 


U.S.P.H.S, H-5822.) 
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ACTIVITY OF THYROID GLAND DURING DEVELOPMENT OF RENAL HYPER- 
TENSION IN RATS. Melvin J. Fregly and Joe V. Gonzalezx. 
Dept. Physiology, Univ. Florida Med. Sch.,Gainesville,Fla. 

The thyroid giand plays an important secondary role in the 
development of renal hypertension induced in rats by latex 
encapsulation of both kidneys. Thyroid activity was assessed 
by ratio of thyroid weight to body weight, precipitate to se- 
rum | (conversion) activity and mean thyroid acinar cell 
height at intervals during 33 weeks after induction of hyper- 
tension. Results showed a constant thyroid activity at sys- 
tolic blood pressure levels up to 150-160 mm Hg but above 
this level activity increased sharply for small increments 
of pressure rise. At this same threshold pressure level 
heart weight to body weight ratio also increased sharply with 
further increase of blood pressure. it is suggested that a 
mechanism(s) independent of thyroid gland activity increeses 
blood pressure to levels of 150-160 mm Hg, I.e., the range of 
pressure generally considered to represent the borderline be- 
tween normotension and hypertension. Beyond this pressure lev- 
el thyroid gland activity increases and further elevates 
blood pressure to hypertensive levels. 





Physiology 


EFFECT OF DOSAGF ON HYPERTENSIVE EFFECT OF CORTICOSTERONE IN 
STRESSED AND NON-STRESSED RATS. C. E. Hall and O. Hall. The 
Carter Physiology laboratory, University of Texas Medical 
Branch, Galveston, Texas. 

Unilaterally nephrectomized immature female rats on a high 
sodium intake were given 2 or 5 mg/day of corticosterone sub- 
cutaneously. Groups under stress as a result of repetitive 
faradic stimulation were compared with non stressed groups. 
At the lower dosage transient hypertension developed in some 
animals exposed to stress alone, hormone alone or dual: treet- 
ment. The latter appeared to be affected earlier and for a 
longer period but in none of the groups was permanent hyper- 
tension induced. At the higher dosage permanent hypertension 
was induced in confirmation of Skelton's findings (Endocrinol. 
62, 635, 1958). Although blood pressures reached higher ter- 
minal levels in stressed steroid-treated animals than in non- 
stressed, the heart weights and kidney weights were similar 
in both groups as was the incidence of glomerular psthology. 
At low dosage the adrenals were completely suppressed by 
corticosterone, excepting in enimals which were simultane- 





ously stressed, where involution was not as great. At high 
dosage they were equally involuted in both groups. 
Supported by ea grant from USPHS RG-4833. 
Physiology 


INCREASED SCDIUM AND WATER IN THE WALL OF HYPERTENSIVE ARTERI- 
OLES. L. Tobian, J. Janecek*, A. Tomboulian*, and D.Ferreira*, 
Univ. of Minnesota Hosp. and School of Medicine, Minneapolis. 

A number of rats were made hypertensive by narrowing the 
renal artery of their one remaining kidney. Seven months lat- 
er these hypertensive rats were divided into two evenly match- 
ed groups. The rats in one group were "cured" of their hyper- 
tension by releasing the arterial constriction. The rats in 
the other group had a comparable sham operation. One wee! af- 
ter either procedure, a sample of arteriolar tissue from ves- 
sels of .05 to .3 mm outer diameter was obtained. Arterioles 
from the rats with continuing hypertension had 16% more Na per 
unit of dry weight than those from the rats "cured" of hyper- 
tension (p < .0001). The K in the arteriolar well was similar 
in the two groups and a difference in Cl was of borderline sig- 
nificance. At least part of the increment of Na in hyperten- 
sive arterioles appears to be located intracellularly.A 10% 
increase in the total cation content (Na+K) in the hyperten- 
sive arterioles indicates that these vessels have about 10% 
more water per unit of dry weight than the arterioles from the 
rats with "cured" hypertension. The arterioles from the rats 
with either continuing or "cured" hypertension had undergone 
the same degree of thickening, hence the difference in Ne 
can not be attributed to this. The extra Na and water in a 
hypertensive arteriole may contribute to its narrowed lumen. 
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Physiology 
ANTI-HYPERTENSIVE RENAL FUNCTION: PROTECTION AGAINST SODIUM 
LOADS BY RENAL TISSUE AND RENAL EXTRACT. Muirhead, E.E, 
Kosinski,M.* and Brooks,B.* (Dept.Path.Wayne State T.Detroit) 

‘Renoprival hypertension of dog is potentiated by large go. 
dium loads (Orbison Arch. Path. 5:15h,'52). The effect of 
large Na loads (7.5-15 mEq. Na/Kg/day as saline intraperiton. 
ally) was tested in 3 groups of dogs. Group I (n=8) received 
the Na load after nephrectomy only. Hypertension was definits 
(mean arterial pressure at l, days +8 m. Hg. by estimating 
equation). Group II (n=5) received Na load while left ureter 
anastomosed to vena cava and right kidney out. Slight eleva. 
tion of arterial pressure occurred (+9 mn. Hg. by ast. equa- 
tion at days). Group III (n*8) received, after nephrecton- 
ies, the Na load plus an extract of renal medulla (Muirhead, 
J.Lab. & Clin. Med. 56:167,'60). The elevation of the arter. 
ial pressure was significantly greater than for Gr. II, but 
also significantly lower than for Gr. I. (+19 m. Kg. by est, 
equation at l days). 

Intact renal tissue without an excretory outlet protects 
against the hypertension-inducing action of large Na loads, 
An extract of renal medulla protects in part against the po- 
tentiating action of large Na loads towards renoprival hyper- 
tension. The protective action toward the Na loads seems due 
to nonexcretory function(s) and may be related to an extract- 
able principle from the renal medulla. 





Physiology 


PERSISTENCE OF RENIN IN THE BLOOD OF INTACT, NEPHRECTOMIZED 
AND CORTEXONE-TREATED RATS. P. Rondell and F. Gross*, 
CIBA Limited, Basel, Switzerland. 

Isovolemic cross-circulation between anesthetized rats has 
been shown to be a sensitive test system for pressor activity 
of the renin-angiotensin system (Am. J. Physiol. 198: 1148, 
1960), and has been used in this study to evaluate persistent, 
humoral pressor activity following renin Injection in control, 
20-hr. nephrectomized and cortexone (3 x 50 mg/Kg/wk) animals, 
Cross-circulation began at least | hr. after renin injection 
or after BP returned to control levels in the case of controls, 





























Mean + S.D.] Mean + S.D. A BP | Mean + S.D. A BP 
Pretreatment} peak A BP test animal assay animal 
test animal renin inj. | before x-circ. during x-circ. 
None 45214 mmHg) + 8 7 mmHg | 43412 mmHg __ 
Nephrectomy 79+ 8 mmHg 43214 mmHg _ 43+ 8 mmi 
Cortexone__| 102417 mmHg] __33+ 9 mmHg _ _|__15+ 8 mq __ 


The data suggest humoral pressor activity persists in suffi+ 
cient quantity in nephrectomized animals to account for the 
protracted pressor response. This interpretation of the 

mechanism in such animals is put in some doubt, however, by 
the apparent separation of the protracted pressor effect and 
"'renin'' content seen in intact and cortexone treated groups. 


Pharmacology 


EVIDENCE FOR A CENTRAL MECHANISM IN ANGIOTENSIN INDUCED 
HYPERTENSION, Joseph P. Buckley and Robert K. Bickerton*, 
Cardiovascular Research Laboratories, Department of 
Pharmacology, University of Pittsburgh School of Pharmacy, 
Pittsburgh, Pa. 

Six dog cross circulation preparations, modified after 
that described by Taylor and Page (Circulation 4, 563, 1951), 
were utilized in this study. Angiotensin II administered 
into the arterial inflow to the recipient's head in doses 
varying from 0.2 to 4 mcg./Kg. produced consistent pressor 
responses in both the recipient and donor animals with pres- 
sure increments ranging between 12% and 40% above normal 
levels in the recipient and 30% to 50% above pre-drug level 
in the donor. Central hypertensive response was shorter in 
duration (0.5 to 1.0 min.) than the pressor response in the 
donor animal (2.0 to 4.0 min.). The central hypertensive 
response could be blocked by the administration of piperoxan 
1.0 mg./Kg. into the recipient's peripheral circulation. The 
data obtained in these studies suggest that Angiotensin II 
produced an increase in blood pressure via two mechanisms: 
(1) A direct peripheral action on the vascular smooth muscu- 
lature. (2) A central sympathetic hypertensive effect, prob- 
ably due to a stimulation of central sympathetic structures. 
(Supported by U.S.P.H.S. Grant H-3415 and Ciba Pharmaceutical 
Products, Inc.). 
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Pharmacology 
jy EARLY CARDIOVASCULAR RESPONSE TO INTRAVENOUS ADMINISTRATION 
gf INSULIN. Santiago A. Pereda*, John W. Eckstein* and Fran- 


gois M. Abboud*. ©.V. Res, Labs., Dept, of Int. Med,, State 
Iniv. of Iowa, Iowa City. 

Blood pressure and cardiac output increase gradually begin- 
ning 20 to 45 minutes following intravenous administration of 
insulin to animals of several species, This response is trig- 
gered by hypoglycemia; the mechanism is thought to be by hypo- 
thalamic-mediated excitation of the adrenal gland resulting in 
catechol amine release, In addition to this delayed response 
yhich had been described by others we observed an early pres- 
gor response appearing 2 to 10 minutes after administration of 
insulin (2 to 3 units/kg) to intact dogs lightly anesthetized 
yith thiopental and treated with gallamine, The peak pressure 
yas reached within 15 seconds and the entire response lasted 
18 to 60 seconds, The increase in arterial pressure was ac- 
companied by increased right atrial pressure, increased cardi- 
ac output and increased peripheral vascular tone, These chan- 
ges appeared before hypoglycemia when glucagon-free insulin 
was used and occurred in the presence of a rising blood sugar 
with glucagon-containing insulin, Administration of pentobar- 
pital or chloralose reduced or prevented the response, These 
early changes following intravenous injection of insulin ap- 
pear to result from a mechanism or mechanisms different from 
those which cause the delayed changes, 


Pharmacology 


A CENTRALLY ACTING BLOOD PRESSURE LOWERING AGENT (W-583). 
F.M.Berger and S.Margolin, Wallace Laboratories, 
Cranbury, N.J. 

2,2-dicarbamoyloxymethy1-3-methylpentane called W-583 
is structurally related to meprobamate but differs from 
the parent compound in possessing a hypotensive action 
in doses which do not produce muscular relaxation or 
paralysis. W-583 has a blood pressure lowering action 
not only in normal animals but also in rats and rabbits 
made hypertensive by desoxycorticosterone implantation 
or interference with the renal blood supply. The drug 
reduced the carotid occiusion pressore response but 
removal of carotid bodies failed to alter its hypotensive 
action. The drug nad no significant adrenolytic, 
anticnolinergic, or antiserotonin effects. The purely 
central site of action was contirmed in cross-circula- 
tion experiments in dogs. A limb of dog A connected 
with the body only by the sciatic and femoral nerve, 
was perfused from dog B. W-583 injected in the trunk 
of dog A produced hypotension in the perfused limp. The 
central site of action of W-583 was confirmed by the 
ability of the drug to counteract blood pressure rise 
produced by stimulation of the vasomotor centers in 
the brainstem. 





Pharmacology 


W-583, A CENTRALLY ACTING ANTI-PRESSOR AGENT. M.Kletzkin¥ 
and F.M.Berger, Wallace Laboratories, Cranbury, N.J. 

As pharmacological tests eliminated a peripheral 
action for the anti-hypertensive drug, W-583 (2,2-dicar- 
bamoyloxy-methy1-3-methylpentane), its action on the 
cardiovascular centers of the brainstem was studied. Bi- 
polar concentric electrodes were placed stereotaxically 
into the medulla, midbrain and hypothalamus of cats im- 
mobilized with gallamine. Blood pressure was recorded 
from the carotid or femoral artery by a Statham 
transducer. Rectangular pulses, 0.5 ms, 150/sec. at 
intensities from 1.5 to 8 volts produced blood pressure 
rises from 10 to 180 mm Hg. After W-583, 30-60 mg/kg, 
I.V., stimulation elicited responses of lower amplitude. 
The hypothalamus was more readily depressed than the 
more caudal regions. W-583 also imposed a new and lower 
ceiling upon these responses so that even with very in- 
tense stimulation, pressure rises equal to those obtained 
prior to the drug could not be obtained. Barbiturates 
produced a reduction of responsiveness to central 
Stimulation without curtailing the maximum blood pressure 
rise obtainable so that pre-drug responses could be 
duplicated by using a higher stimulus intensity. 
Reserpine, 0.5-1.0 mg/kg, I.V., did not affect pressor 
responses evoked from brainstem cardiovascular areas. 








Pharmacology 
STUDIES ON W-583 METABOLISM. J.P -Dougles® Bal ladeia"» 
T.Ginsberg* and F.M.Berger, ce ories, 
ury, N.J. 

The metabolic fate of W-583 (2,2-dicarbamoyloxymethyl- 
3-methylpentane), a new anti-hypertensive (Berger and 
Margolin; Kletzkin and Berger; Fed.Proc.1961) has been 
investigated in dogs and humans. Following oral admi- 
nistration ot the drug, at least two major urinary end 
products were obtained. One is unchanged drug while the 
other is a hydroxylated derivative. The structure of 
the latter, which was isolated in crystalline form, was 
defined by paper chromatography, elemental analysis, 

spectra, and comparison with synthetic compounds 
The colorimetric assay of Hoffman and Ludwig, J.Am. 
Pharmaceut.Assn. (Sci.Ed.) 48:740 (1959) has been 
adapted for use with W-583 In biological fluids. Analysis 
of serum obtained from patients receiving W-583 indicates 
an absorption pattern similar to that found for 
meprobamate, Data will be presented relative to blood 
concentration, rate of elimination and urine content. 
The absorption, distribution, and pharmacological 
properties of W-583 correlate well with its physical- 
chemical properties. 


Pharmacology 


EXCRETION OF THE OPTICAL ISOMERS OF G-METHYL-DOPA. Alice F. 
* and C. C. Porter. Merck Institute for Therapeutic 
Research, West Point, Pa. 

Marked differences in the concentration of Q-methyl-DOPA 
in mouse kidney tissue are observed following administration 
(100 mg./kg. I.P.) of the D- and L-isomers. Although the 
initial concentration of G-methyl-DOPA is approximately the 
same for either form, the concentration of L-G-methyl-DOPA 
remains essentially constant for two hours, while the 
concentration of D-G-methyl-DOPA fajls rapidly and only 
trace amounts can be detected after two hours. In dogs, 
following a single intravenous injection of the L-isomer of 
Q-methyl-DOPA (50 mg./kg.), higher plasma levels are observed 
than after an equal dose of the D-isomer. Urinary excretion 
of D-G-methyl-DOPA is approximately 10 times that of the L- 
isomer. In nephrectomized dogs, no difference was apparent 
in plasma concentrations when either isomer of a-methyl- 
DOPA was given intravenously, and up to two-thirds of the 
administered drug could be accounted for in the plasma after 
90 minutes. Apparently the kidneys are primarily responsible 
for the clearance of G-methyl-DOPA from the plasma, although 
the optical isomers are not handled identically by this 
organ. 


Pharmacology 
HUMAN PHARMACOLOGY STUDIES WITH W-583. Michael G. Mulinos, 
Semeon Saltefors*, Linn J. » and G. » New 


York Medical College- ten Medical Center, and 
use University, Syracuse, New York 

W-583 (2,2-dicarbamyloxymethyl-3-methyl pentane) is a CNS 
depressant with hypotensive action in hypertensive animals and 
Man. Single oral doses of from 150 to 900 mg. reduced ele- 
vated blood pressures in degree and duration commensurate with 
dose. The fall was maximal in 14 to 2 hours and lasted 4 to 
6 hours. Repeated doses elicited further, prolonged reduc- 
tions. There was no in blood pressure or pulse rate 
from 300 mg. q.i.d. for days in normotensives. Hemograms, 
urinalyses, and other biochemical studies revealed no changes 
from pre-treatment levels. Somnolence from 300 mg. or more 
was more frequent and marked, the higher the dose. Repeated 
dosing with 300 mg. or less led to adaptive reduction in any 
sedative effect without altering blood pressure fall. Exten- 
sive animal and human pharmacological data show W-563 is not 
cumlative; nontoxic in doses used, and reduces high blood 
pressure by specific central action in doses which do not 
cause somnolence. Deep somnolence, muscular weakness and 
bradycardia, with profound fall in blood pressure, were seen 
from 900 mg. Recovery was prompt and complete. 

























































Pathology 


VASCULAR LESIONS IN RENAL AND RENOPRIVAL HYPERTENSION IN RAT. 
J. Churg*. Labs., Barnet Mem. Hosp., Paterson, N.J. 
Hypertension can be induced in animals by interference with 
renal hemodynamics (''renal'' hypertension) as well as by total 
renal ablation (''renoprival'' hypertension). Either type of 
hypertension can be accompanied by arterial lesions. It is 
known that in the rat the vascular lesions of ‘'renal'' hyper- 
tension are different from those of '‘renoprival'' hypertension. 
For the purpose of comparison one group of 43 rats was sub- 
jected to silk wrapping of kidneys and another group of 42 
rats to bilateral nephrectomy. In the first group 19 animals 
lived & days or longer; 18 of them showed necrotizing arteritis 
("periarteritis nodosa’) of medium-sized arteries; none showed 
smooth muscle necrosis in the large elastic arteries. In the 
second group 30 animals lived 3-4 days; 9 of these developed 
medial necrosis of the aorta, cytolytic necrosis of muscularis 
of the hollow viscera and focal fibrinoid necrosis of arteri- 
oles; none showed necrotizing arteritis. These morphological 
differences suggest that the "'renal'' and the "'renoprival'' dis- 
eases arise by different mechanisms. Experience with sulfon- 
amide nephropathy suggests that ''renoprival'' hypertension re- 
sults from tubular damage or destruction. ''Renal'' hypertension 
may possibly be related to disturbance of blood flow in the 
glomeruli and its effect upon the juxtaglomerular apparatus. 
(Supported by grant from Kidney Dis. Fdn. of No. New Jersey.) 


Pathology 


JUXTAGLOMERULAR CELLS AND RENIN IN EXPERIMENTAL 
HYPERTENSION. G. Kaley,* H. Demopoulos,* and B.W. 
Zweifach, N.Y.U. Medical Center, New York. 





In view of the suggestion that juxtaglomerular 
cells (J.G.) are a form of connective tissue mast 
cells, the effect of mast cell depletors on J.G. 
cell granularity in rat kidneys has been invest- 
igated. Various injection schedules of dextran 
and 48/80, which regularly depleted mast cells, 
had no observable effect on the J.G. index. Experi- 
mental situations involving hyper- or hypogran- 
ularity of J.G. cells could not be correlated with 
changes in mast cells. 

In other experiments, renin content and J.G.I. 
of normal, renal hypertensive, and DOCA hyperten- 
sive rats were examined. The "ligated" kidney of 
renal hypertensive rats had increased amounts of 
renin, whereas a significant reduction in renin 
content occurred in the " untouched" kidney of 
renal hypertensives and the kidney of DOCA hyper- 
tensives. Good correlation was observed in all 
instances between renin content and J.G.I. 


Nutrition 
CARDIOVASCULAR STRESS IN REFEEDING FOLLOWING STARVATION. G. S. 
Smith* and B. Connor Johnson. Department of Animal Science, 
University of Illinois, Urbana, Illinois. 

Hypertensive cardiovascular disease, as indicated by chronic 
hypertension, abnormal electrocardiograms, cardiac hypertrophy 
and sclerotic aortas, was produced in young adult swine sub- 
jected to repeated episodes of starvation and refeeding. These 
long-term studies have demonstrated the applicability of swine 
to studies of nutritional influences upon the cardiovascular 
system. They have also implicated dietary carbohydrate as a 
primary factor in refeeding “cardiovascular stress." Refeeding, 
ad libitum, with pure glucose in an initial feeding following 
30-days starvation resulted immediately in pronounced tachy- 
cardia, extrasystoles of varied origin which frequently coupled 
in bigeminy and trigeminy, and faltering pulse suggestive of 
severe cardiovascular stress. Neither pure protein nor pure 
fat in approximately isocaloric amounts elicited comparable 
responses. Likewise, refeeding diets high in content of glu- 
cose or starch imposed greater “stress” than did diets high in 
fat or protein. Previous episodes of starvation and refeeding 
appeared to magnify the blood pressure responses to refeeding 
in subsequent episodes. Studies of glucose metabolism in rats 
subjected to starvation and refeeding revealed a drastically 
supernormal lipogenesis from carbohydrate during realimentation 
of starved subjects. 
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083 CARDIOVASCULAR SYSTEM—Blood Pressure— 
Regulation Ph 


SODIUM AND POTASSIUM SHIFTS ASSOCIATED WITH PERIPEERAL RESISTANCE 
CHANGES IN THE DOG. James D. Jamieson* and Sydney M. Pri 
Dept. of Anatomy, U. of British Columbia, Vancouver, Canada, 
Blood flow into and out of the dog hind limb was regulated by 
a constant output pump. Total limb resistance was monitored by 
a transducer in the arterial inflow and systemic pressure by 
a matched transducer in the opposite femoral artery. Continuously 
recording Na and K glass-to-silver cannula electrodes were 
inserted in the venous line of the perfused limb and calibrateg 
in vivo as required. Vasoconstrictors (pitressin, epinephrine, 
norepinephrine, angiotensin and serotonin) and vasodilators 
isopropyl-norepinephrine, acetylcholine and histamine) were 
injected intra-arterially in doses insufficient to affect genera) 
systemic pressure. All limb vasoconstrictor responses were 
associated with a decrease in Na activity and vasodilator 
responses with an increase. K activity was inverse to Na* with 
some but not all agents. The results are in accord with the 
view that vascular tonus depends on ionic transfer processes, 
(Supported by a grant from the B.C. Heart Foundation and N.R.C., 
Canada). 


Physiology 


THE CAROTID ARTERY OCCLUSION REFLEX IN DOGS BEFORE AND AFTER 
ANESTHESIA, G. G. Armstrong, Jr.*. Univ. Medical Center, 
Jackson, Miss. 

Systolic, diastolic, and mean pressures and pulse rates 
were measured by femoral arteriopuncture in nine dogs that 
displayed the classical response to bilateral carotid artery 
occlusion, Both common carotid arteries had been surgically 
displaced into tubular loops of skin, and the reflex responses 
of the above parameters were obtained without discomfort to 
the dogs by manual compression of the arteries. Anesthesia 
was induced by chloralose, chloralose and urethan, pentobar- 
bital, and thiobarbital, and the response obtained at increas- 
ing depths of anesthesia was compared with the unanesthetized 
response, Measurements made during the period of occlusion 
averaged 128%, 150%, 139%, and 128% of the preocclusion levels 
for systolic, diastolic, and mean pressures and pulse rates in 
the unanesthetized state. Chloralose anesthesia caused a 6% 
decrease in the preocclusion mean arterial pressure and an 8% 
increase in the reflex response of this parameter. Values for 
the same measurements made using the other agents were: 
chloralose and urethan, 9% decrease, 4% decrease; pentobarbi- 
tal, 15% decrease, 9% decrease; thiobarbital, 11% decrease, 
8% decrease. (Supported in part by a grant from NIH and in 
part by a grant from the Miss. Heart Association.) 


Physiology 
RECORDING FROM PERIPHERAL NERVES WITH CHRONICALLY IMPLANTED 
ELECTRODES. F. W. Klussmann* and R. F. Rushmer. Dept. of Physi- 
ology & Biophysics, Univ. of Washington, Seattle. 


The integrative role of the central nervous system in the 
autonomic control of the cardiovascular system must ultimate- 
ly be studied during the normal activity of unanesthetized an- 
imals. An essential step is the development of techniques for 
monitoring the spontaneous discharges in peripheral nerves to 
study the function of peripheral receptors and the resulting 
efferent outflow. For this purpose spontaneous or evoked action 
potentials of mechanoreceptors or thermal receptors have been 
recorded in the cat by several techniques. Firet the method 
Hensel applied to human subjects under local anesthesia was 
used, but this required complete immobilization of the animal, 
Through insulated wick-saline electrodes implanted under the 
skin, action potentials from the distal ends of cutaneous 
nerves were recorded for as long as three days, even during 
passive movement of the extremity. Closely gaced bipolar elec- 
trodes for chronic implantation on the aortic nerve of the cat 
provided cancellation of muscle action potentials. (Supported 
by the Cardiovascular Training Grant (HTS 5147), National Heart 
Institute.) 
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Physiology 


SEASONAL VARIATION IN AVIAN BLOOD PRESSURE. Harold S. Weiss. 
Dept. of Poultry Sci., Rutgers U., New Brunswick, N. J. 
systolic blood pressure (SBP) was measured over a 2-year 
period by indirect means on 219 adult chickens. Measurements 
were spaced at 6-month intervals, coinciding with mid-winter 
and mid-summer. Both sexes, 7 different diets, 3 types of con- 
finement, 2 breeds, 3 strains and 2 ages were represented. 
All birds were so maintained that they experienced the sea- 
sonal changes in temperature typical of a temperate climate. 
pespite differences in pressure related to treatment or 
classification category, marked seasonal changes in SBP were 
superimposed, higher in winter, lower in summer, in essenti- 
ally every group and subgroup and were reproducable over 
several seasonal cycles in the same individuals. Allowance 
for seasonal changes permitted the following evaluation of the 
change of SBP with age - 12 mm Hg or 6%/yr. in the male, 13 
m Hg or 9%/yr. in the female. In magnitude, the seasonal 
changes in SBP may be quantified as a) uncorrected for age - 
10% decrease from winter to summer, 20% increase from summer 
to winter, both sexes, b) corrected for age - an average 15% 
change, both sexes, either season. In relation to average en- 
vironmental (outside) temperature at the time of the SBP 
measurements, the age corrected seasonal changes were roughly 
0.52/°F, both sexes, either season. (Supported by grant,PHS, 
H-3513) 


Physiology 
CARDIOVASCULAR EFFECTS OF CHRONIC PARTIAL CAROTID SINUS COM- 
PRESSION IN DOGS, J.M.Little, E.A.Conrad* and R.A.Cordell*, 
Bowman Gray Sch. Med., Wake Forest College, Winston-Salem,N.C. 

In two groups of dogs the carotid sinuses were partially 

compressed (Wakerlin et al Circulation Res. 2: 416, 1954). For 
group A (3 dogs), small clamps were used; for group B (5 dogs) 
a larger clamp was used. The systolic (SP) and diastolic (DP) 
pressures, and heart rates (HR) were measured; the mean arteri- 
al pressures (MAP) and pulse pressures (PP) were calculated. 
Comparing control (4-8) with experimental values (22-26) in A, 
these changes in averages were seen: significant increases in 
$P for all dogs (3/3), in DP (2/3), MAP (3/3), HR (2/3) and PP 
(3/3). Comparing 12-38 control with 15-21 experimental values 
in B, these changes in averages were seen: no change in SP (4), 
decrease (1); increase in DP (4), no change (1); decrease in 
MAP (1), increase (1), no change (3); no change in HR (5); de- 
crease in PP (5). With oral daily NaCl (6g.) for 107-123 days 
in B there were significant increases in SP, DP and MAP in the 
dog not previously increased, and decreased HR in 3 dogs. Af- 
ter NaCl in B (13-22 mos. post-clamp) significant average 
changes from control were: decreased MSP (3/5); increased MDP 
(4/5); increased MAP (1/5); increased HR (1/5), decreased 
(1/5); and decreased PP (5/5). The results with B are consis- 
tent with increased peripheral resistance and decreased cardi- 
ac output. [Supported by grants from NIH (H-2781) and the 
American Heart Association. | 


Physiology 


CARDIOVASCULAR EFFECTS OF EPINEPHRINE AND ANGIOTENSIN 
IN DOGS WITH HEART BLOCK, William G. Pogue* and Edward 
W. Hawthorne. Howard Univ. School of Med., Washington, 
D.C. 

The reaction of the left ventricle to epinephrine and angio- 
tensin (Ciba) is studied in otherwise intact dogs with complete 
heart block whose ventricular rate is maintained by "pacing". 
Changes in left ventricular length and circumference and fem= 
oral artery pulse pressure are followed. Following the injec- 
tion of epinephrine there is a prompt increase in the difference 
between systolic and diastolic length, and an increase in di- 
astolic and stroke circumference. Angiotensin results in an 
initial decrease in the difference between systolic and dias- 
tolic length which promptly increases and then returns to con- 
trol levels. An increase in diastolic circumference occurs and 
is maintained while stroke circumference shows an initial de- 
crease followed by a sustained increase. These results sug- 
gest that the ventricular dimensional changes noted following 
angiotensin are largely passive, 


Physiology 


THE CATECHOL-AMINE RESPONSE TO STIMULATION OF THE CAROTID 
SINUS REFLEXES IN INTACT AND ADRENALECTOMIZED DOGS, E. Fishers 
T. Walton, R. Linares*, and W. M. Booker, Dept. of Pharma- 








cology, Howard Univ, School of Med., Wash., D. C. 

Stimulation of the carotid sinus reflex by occlusion of the 
common carotid arteries results in release of catechol-amines 
from the adrenal glands, according to the work of many inves- 
tigators, There is doubt in some laboratories as to the a- 
mount of catechol-amines released by the gland; and most work- 
ers have been unable to describe significant plasma catechol- 
amine changes in peripheral blood (femoral artery or vein). 
Using the highly sensitive biological assay method of the iso- 
lated perfused guinea pig heart, we have examined both plasma 
aluminum oxide extracts and crude plasma samples. We have al- 
so followed the changes in femoral artery blood in adrenalec- 
tomized animals, In intact animals there is significant in- 
crease in the catechol-amines released vy the adrenal gland 
upon occlusion of the common carotid; and there is a defini- 
tive elevation of the plasma catechol-amines of the femoral 
artery blood in the intact as well as the adrenalectomized 
animals, In the latter group we believe that this is consist- 
ent with the engagement of the sympathetic post-ganglionic se- 
cretion during reflex activity of the carotid sinus, Many 
factors are being investigated now to determine alteration of 
the secretory activity. 


Pharmacology 


AFFERENT PATHWAYS OF ACTIVE REFLEX DILATATION. M. J. 
and L. Beck.* Dept. of Pharmacol., Univ. of wchigns aE 
School, Ann Arbor, Michigan. 

Application of a rapid pressure increment to the carotid 
sinus produced in the perfused hindquarters of the dog a large 
transient reflex dilatation followed by a lesser sustained re- 
flex dilatation which persisted until the sinus pressure was 
reduced. Sympathectomy of the perfused hindquarters during 
the sustained reflex phase caused no further fall in perfusion 
pressure. The antihistamine, tripelennamine, blocked the 
transient but not the sustained reflex dilatation while the 
catecholamine anti-release agent, />-(2,6-dimethylphenoxy) 
propy]/ trimethylammonium chloride monohydrate (beta TM-10; 
SKF 6890A), blocked the sustained but not the transient dila- 
tation. The experimental evidence indicates that the tran- 
sient reflex dilatation is active in character, probably med- 
iated by the neurogenic release of histamine, and that the 
sustained reflex dilatation is passive in character, resulting 
from inhibition of norepinephrine release. The transient re- 
flex is rapidly adapting, the sustained, slowly adapting. 
Evidence will be presented for active dilatation produced by 
afferent vagal, sympathetic and sinus nerve stimulation as 
bay by veratrine injection. (Supported by USPHS grant 
H-3 ° 


Pharmacology 


HYPOTENSIVE PROPERTIES OF TRIETHYLAMMONIUMETHYL 3,4,5-TRI- 
METHOXYBENZOATE IODIDE (TTB), J, D. McColl and P, Sacra* 
Frank W. Horner Limited, Montreal, Canada. 

TTB produced pronounced fall in arterial blood pressure of 
anesthetized normotensive cats, dogs and rats at doses of 
0.5 - 5 mg/kg. Duration of B.P, fall was dependent upon dose, 
The depressor response appeared to be centrally mediated as 
little effect on blood pressure was observed in spinalized 
animals even at high doses (20 mg/kg). Pressor responses ini- 
tiated by carotid occlusion, denervated carotid sinus, and 
increased intracranial pressure in the dog, were antagonized 
at doses of 2 - 4 mg/kg. The compound had no adrenolytic 
properties, It did not influence transmission across the 
superior cervical ganglion at doses less than 30 mg/kg in the 
cat. There was no significant effect upon the parasympathetic 
system. TTB appeared to act as a hypotensive predominately at 
the level of the medulla but had some peripheral sympathetic 
inhibitory activity. 
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084 CARDIOVASCULAR SYSTEM—Blood Pressure—Shock 
Physiology 


OXYGEN DEBT AS THE COMMON PARAMETER IN IRREVERSIBLE HEMOR- 
RHAGIC SHOCK. Jack W. Crowell. Univ. Medical Center, Jackson, 
Miss. 

A device that continually measures the oxygen uptake of a 
dog and integrates any deviation from the normal oxygen uptake 
was constructed. By determining the normal rate of oxygen 
usage and using this value as a baseline, the decrease in 
oxygen usage that occurred following severe hemorrhage was 
subtracted from the normal rate of oxygen usage to determine 
the deficit occurring in oxygen utilization. Integration of 
this deficit rate with respect to time yielded the total 
accumulated oxygen debt, a figure recorded continuously by 
the experimental device. Ninety-six dogs were subjected to 
oxygen debts ranging from 80 cc. oxygen/kg. to 150 cc. oxygen/ 
kg. Examination of the mortality data revealed that death was 
rare if the oxygen debt was 100 cc/kg. or below. However, 
death occurred in 50% of the animals subjected to 125 cc/kg. 
No animal survived an oxygen debt above 150 cc/kg. Further- 
more, dibenzylene pretreated animals and animals given 
epinephrine or nor-epinephrine by drip during the period of 
hypotension showed no deviation from the death rate of control 
animals when subjected to the same oxygen debts. Indications 
are that the total oxygen debt is the common parameter in the 
production of irreversible shock by hemorrhage. (Supported 
by a grant from NIH.) 


Physiology 


LYMPH OF ABDOMINAL ORGANS IN SHOCK. Fikri Alican* and 
James D. Hardy. Dept. of Surg. , Univ. of Miss. Med. Center, Jackson, Miss. 
n s been studied the pathogenesis of shock, by correlating 
changes in lymph of abdominal organs with changes in portal vein and 
systemic arterial pressures. A method was devised for recording the flow 
rate of lymph using a weight transducer, after the thoracic duct or the 
hepatic and intestinal lymphatics had been catheterized. In endotoxin 
shock, BP falls in the first 5 minutes, gradually returns near normal levels 
and then declines until death. PVP immediately rises, reaching amaximum 
during the first 2-3 minutes and returning to normal in 15-25 minutes. 
Thoracic duct lymph flow also increases initially, then decreases and 
there usually follows a second increase later. Hepatic lymph flow in- 
creases during the first few minutes. On contrast, increase in intestinal 
lymph flow occurs later. Indogs with end-to-side portacaval anastomosis, 
PVP does not rise after endotoxin, and BP only gradually declines until 
death. In these dogs only the second increase in thoracic duct lymph 
flow is observed. It is concluded that the liver and intestine are first 
and second stage “target areas" where the most important mechanisms of 
shock come into play, in that order. The characteristic initial changes 
of endotoxin shock appear to be the result of direct hemodynamic changes 
in the liver, while further changes observed later may be the reflection 
of important changes in the intestine. 


Physiology 


LOSS OF VASOMOTOR CONTROL IN HEMORRHAGIC SHOCK. Carl F. 
Rothe*, Fred C. Schwendenmann* and Ewald E. Selkurt. Dept. 
Physiology, Ind. Univ. Sch. Medicine, anapolis, Ind. 
The neural control of the peripheral resistance vessels 
was monitored during the hypotensive and post-transfusion 
Phases of hemorrhagic shock in dogs. A gracilis muscle was 
carefully isolated except for its motor nerve. Its cir- 
culation was maintained at a constant 160 mm Hg. pressure 
by a pump and by-pass type pressure regulator, recirculating 
the blood to a donor dog to eliminate any blood-born factors 
elaborated by the shock dog. The degree of neural vasocon- 
striction was evaluated by periodically and reversibly 
blocking the nerve with cold (0-1°C.) and measuring the 
changes in flow with a1 ml. automatic bubble flow meter. 
Vasoconstriction followed hemorrhage, and in the majority of 
the experiments there was no evidence of profound loss of 
neurally controlled, vasomotor tone. In some experiments, 
however, during the hypotensive period, data were obtained 
which indicated an impairment of the vasomotor system. 
(Supported by USPHS grant H,056.) 
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Physiology 
DEPLETION OF MYOCARDIAL NOREPINEPHRINE IN HEMORRHAGIC HYPO. 


TENSION. Vincent V. Glaviano and Bernell Coleman.* Stritch 
School of Medicine, Loyola University, Chicago, Illinois, 
Protein and fat-free filtrates of homogenized left ventri. 
cular muscle from 18 rabbits were analyzed for norepinephrine 
(NE) and epinephrine (E) by a modification of the Lund's tri. 
hydroxyindole method. The control level of NE in 9 rabbits 
averaged 1.20 pg/gm * 0.26, while E levels averaged 0.20 
gm * 0.02. In a group of 9 unanesthetized rabbits, arterial 
blood pressure was lowered by hemorrhage to 50 and 10 mig 
for a duration of 2 hrs. and 1 hr. respectively. In the oli. 
emic group, left ventricular NE levels averaged 0.18 yg/gn 
= 0,16, while E increased to 0.6 png/gm * 0.37. The six- 
fold decrease in myocardial NE was highly significant while 
the E increase was borderline. Analysis of peripheral blood 
plasma in the control group indicated that both NE and E 
were present in tracer amounts (<0.01 fg/100 ml of plasma). 
On the other hand, plasma from the hypotensive group showed 
an average E concentration of 1 g/100 ml of plasma, while 
NE levels were less than 1/10th of the E concentration. It 
is of interest to state that the NE depleted heart in shock 
may not obtain appreciable amounts of NE from peripheral 
blood, therefore the administration of NE can be considered 
favorable to myocardial function in hemorrhagic shock. (Sup- 
ported in part by U.S.P.H. Grant no. H-5960. 


Physiology 


THE EFFECTS OF VARIOUS PHARMACOLOGICAL AGENTS ON THE CANINE 
INTESTINAL HEMODYNAMICS DURING ENDOTOXIN SHOCK. 
JK. Longerbeam* and R.C. Lillehei* 
Department of Surgery, Univ. of Minnesota, Minneapolis, Minn. 
Alterations in the typical intestinal hemodynamic response 
to endotoxin produced by several pharmacological agents were 
studied in 50 animals. The following were measured:femoral and 
superior mesenteric artery and portal pressures; intestinal 
blood flow with the electromagnetic flowmeter; serial plasm 
volumes,catecholamines,and serotonin photofluorometrically.The 
response to endotoxin was characterized by an immediate fall in 
systemic arterial pressure and intestinal blood flow and a rise 
in portal pressure. Partial recovery in arterial pressure and 
blood flow cccurred ea few minutes later, followed by a pro- 
gressive fall in arterial pressure and flow terminating in 
death in 4 to 8 hours.Pretreatment with cortisone did not ap- 
preciably alter this response,which suggests that the protec- 
tive action of cortisone is not mediated through a hemodynanic 
mechanism.Dibensyline on the other hand which has also been 
shown to decrease mortality in canine endotoxin shock,did have 
an ameliorating influence upon the hemodynamic effects of endo- 
toxin. A similar effect was also seen inary ity of those 
dogs made resistant to endotoxin shock. Cate...slamines accent- 
ated the effects of endotoxin upon the bowel. This study sug- 
gests that as far as the intestinal blood flow is concerned 
cortisone and dibenzyline are superior therapeutic agents. 





Physiology 


BIOLOGIC ASSAY FOR BLOOD-BORNE ENDOTOKIN DURING 
HEMORRHAGIC SHOCK. A.L. Nagler* and 3.W. Zweifach, 
Dept. of Pathology, N.¥.U. Medical Center, New York. 
The production of hemorrhagic necrosis in epi- 
nephrine prepared skin sites is a biologic test 
capable of detecting 1 pg of endotoxin. Rabbits 
were subjected to reversible and irreversible epi- 
sodes of hemorrhagic hypotension; their blood was 
subsequently transfused into test rabbits kept at 
40 mm Hg for 1 hour. Blood (10-20 ml) from rabbits 
in irreversible shock was consistently lethal in 
such prepared animals. Such blood samples did not 
elicit an epinephrine-cutaneous hemorrhagéc necro- 
sis in either “hemorrhage prepared" or normal rab- 
bits. Since as little as 1-2 pg endotoxin in 
prepared and normal rabbits consistently resulted 
in epinephrine accelerated skin lesions and at 
least 15 pg endotoxin was required to kill pre- 
pared rabbits, the lethal effect of shock blood is 
probably not due to endotoxin. Blood from rabbits 
pretreated with endotoxin prior to exposure to re- 
versible hypotension was not lethal upon passive 
transfer to prepared rabbits; such samples were, 
however, capable of eliciting epinephrine cutaneous 
responses in both prepared and normal rabbits. 
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Physiology 


{DRENAL MEDULLARY AND CORTICAL SECRETION IN HEMORRHAGIC SHOCK- 
W Harr- 
json Dept. Surg. Res., Sch. of Med., U. of Pa,, Phila., Pa. 
Varied degrees and duration of hemorrhagic hypotension in 
anesthetized dogs increased the adrenal vein plasma concentra- 
tion (AVPC) and ug/min. secretion of epinephrine (E) to high 
jevels. Norepinephrine (NE) increased to a lesser and more 
variable degree. The increment in catechol amines (CA), espe- 
cially E secretion, persisted to the terminal stage of shock, 
the AVPC of corticosteroid (17-OHCS) usually increased at mod- 
erate levels of hypotension (60 mm,Hg.) although the secretion 
my have been decreased due to the reduction in blood flow. 
When the blood pressure was reduced to 30 mmHg. the adrenal 
blood flow (ABF) and corticoid secretion were invariably re- 
@eed to low levels. The 17-OHCS secretory response tended to 
parallel and apparently depended upon the changes in ABF, The 
(kA response was the reciprocal of ABF, Blood transfusion in- 
creased the 17-OHCS secretion in proportion to the increase in 
ABP while the CA secretion decreased. Peripheral blood levels 
of 17-OHCS remained near normal or above despite the reduction 
in secretion, suggesting a reduced liver conjugation and/or 
tissue utilization. Peripheral levels of E and NE paralleled 
the changes in secretion, 
(Supported by Army Contract No, DA=l49-007-MD-511). 


Pharmacology 


HEMORRHAGIC HYPCTENSIVE IRREVERSIBLE SHOCK IN THE 
CAT. Eugene D. Brand. Dept. of Pharmacology, 
School of Medicine, University of Virginia, Char- 
lottesville, Va. 

An ideal standard procedure for the production 
and study of hemorrhagic hypotensive irreversible 
shock involves a stimulus (8) of a period of hemorr 
hagic hypotension and a response (R) of progressive 
failure of life processes not reversed by fluid 
therapy. The S must be (a) withstood by most ani- 
mals, (3) of <5 hrs. duration, (c) associated with 
aconsistent and uniform R. The R must (a) be uni- 
form, (b) last about 20 hrs., (c) be uniformy fatal 
so that duration of survival may be used as a mea- 
sure of injury or response to therapy, (d) not be 
reversed by usual fluid therapy. Our standard sti- 
mulus No. 2(S2) (40 mm Hg for 5 hrs.) was ideal ex- 
cept that 5 of 30 cats died acutely during S. S3 
(45 mm Hg for 6 hrs.) and S4 (40 mm Hg for 1 hr. 
followed by 45 mm Hg for 5 hrs.) failed in that R 
lasted an average of 25 and 28 hours. S5 (40 mm Hg 
for 2 hrs. followed by 45 mm Hg for 3 hrs.) has sat- 
isfied all criteria with the minor failing of 2 
acute deaths in 28 cats. 

(supported by USPHS Grant H-1942) 


Pathology 


EFFECTS 4OF CORTISONE QN ROTATIONAL SHOCK IN RABBITS. F. B. 
Collins, J.R. Galyean, and J.G. Brunson, Univ. Miss. Medica 
Center, Jackson, Mississippi. 

Cortisone-treated and untreated control rabbits were ro-~ 
tated simultaneously for 800-900 revolutions in a modified 
Noble-Collip drum. In contrast to results obtained in simi- 
lar studies using phenothiazine derivatives, cortisone did 
hot prevent death under these circumstances. Other groups 
of cortisone-treated and controls were subjected to a sub- 
lethal period of rotation (200 rev.) and immediately, 30 
minutes, 60 minutes, or 120 minutes thereafter injected intra- 
arterially with 10 ml. of a 10% solution of India ink. Micro- 
scopic sections of liver, lungs, and kidneys showed that in 
the controls given ink immediately after rotation the mater- 
fal was localized predominantly in clumps in large pulmonary 
and portal vessels, and in scattered glomeruli. Over the 
next 2 hours this pattern tended to change to a more diffuse 
distribution with less clumping of ink. In the cortisone 
animals the ink remained in large clumps in pulmonary vessels 
and glomeruli throughout the 2 hour period. The liver sec- 
tions appeared almost devoid of ink, and large ischemic areas 
of necrosis were observed in the 2 hour group. The results 
Suggest that cortisone enhances and prolongs vascular con- 
8triction in drum-shocked animals, and thereby may contribute 
to death, 
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Pathology 


INK DISTRIBUTION PATTERNS IN DRUM=SHOCKED RABBITS: INFLUENCE 
OF A PHENOTHIAZINE DERIVATIVE. J. R- Galyean,III* F. B. 
Collins* and J.G. Brunson. Univ.Miss.Med.Center, Jackson, Miss. 

Immediately after intravenous injection of 5 mgms. of a 
phenothiazine derivative (WY-1359), hybrid albino rabbits 
were subjected to a 5-minute period of rotation in a modified 
Noble-Collip drum. At intervals, after rotation the animals 
were injected intra~arterially with 5 ml. of 10% India ink, 
killed after 1 minute, and 30 micron sections of lungs, liver 
and kidneys were examined niadologically. Appropriate con- 
trols were used. These animals showed diffuse distribution 
of ink in organs examined. The animals injected with ink 
immediately, 30, 60, or 120 minutes after rotation showed 
clumping of ink in portal and pulmonary vessels, and in 
scattered glomeruli. This pattern tended to become more dif~- 
fuse in animals injected at lengthening intervals after ro~ 
tation. Animals given WY=-1359 showed clumping of ink immedi- 
ately after rotation but a greater tendency toward diffuse 
patterns at 30 and 60 minute intervals compared to the con- 
trols. The data suggest that the ability of the phenothiazine 
derivatives to prevent death in drum-shocked rabbits may be 
related to changes in blood filow in the lungs, liver, and 
kidneys, brought about by prevention of or relaxation of vas~ 
cular constriction. 


Immunology 


LETHAL FACTOR IN BLOOD FOLLOWING OCCLUSION OF 
SUPERIOR MESENTERIC ARTERY. A. Janoff* and 

A.L. Nagler* (introd. by H. Green), N.Y¥.U. Medical 
Center, New York, N.Y. 

Shock was induced in anesthetized rabbits by 
occlusion of the superior mesenteric artery (SMA) 
for one hour (an LD/50 procedure). Thirty minutes 
after releasing the artery, portal vein blood was 
collected in sterile, heparinized syringes. Ali- 
quots of portal blood were infused into test rab- 
bits kept at a B.P. of 40 mm Hg for one hour by 
hemorrhage. Half of these test rabbits died, where- 
as no deaths occurred in a group of hemorrhaged 
rabbits receiving portal blood from sham-operated 
donors. Neomycin gavage in donor rabbits, prior to 
the induction of SMA-shock, prevented passive 
transfer of lethality. The portat blood samples 
were tested for their ability to provoke hemor- 
rhagic necrosis in epinephrine-prepared skin sites. 
The possible release of endotoxin and/or serotonin 
into portal blood during SMA shock will be dis- 
cussed, Preliminary data suggest that the toxin(s) 
responsible for passive transfer of lethality may 
be associated with the cell-fraction of the blood. 


085 CARDIOVASCULAR SYSTEM—Blood Vessels 
Physiology 
WATER AND ELECTROLYTE CONTENT OF ARTERIES IN DOGS. 


Allan W. Jones,* Eric 0, Feigl,* and Lysle H. Peterson 
Univ, of Penna., School of Medicine, Phila., Pa. 


The mechanical properties of blood vessels may be effected 
by their water and electrolyte content, e.g., the arteries of 
hypertensives have been found to possess abnormal amounts of 
H20 and Na, To further evaluate these relationships we have 
analyzed the Hj0, K, Na, Cl and fat content of various sites 
along the arterial system together with plasma electrolyte 
concentrations in normal dogs sacrificed in several ways, The 
raw data and their statistical treatment (F-test and compari- 
son of means) will be presented. Highly significant trends 
were revealed: proceeding distally from the aortic root, the 
HO and K content, per unit of whole (wet weight) vessel wall 
tissue, decreased, whereas the Na and Cl content increased, 
These findings are inconsistent with the expected cellular 
(e.g., muscle) and connective tissue distribution within these 
arterial segments. This suggests that it is necessary to im- 
prove the current understanding of the distribution of cellu- 
lar and connective tissue and the partitioning of water and 
electrolytes within blood vessel walls. (Supported by 
U.S.P.H.S. (H-3481) and Office of Naval Research.) 





Pharmacology 


ION FLUXES IN VASCULAR SMOOTH MUSCLE. Arthur H. 
Briggs*. Dept. of Pharmacology, Univ. of Miss. Medical 
Center, Jackson, Miss. 

Fluxes of K, Ca, Na and tension changes were measured 
in isolated spiral strips of rabbit aortas during contraction 
induced by both epinephrine (1.5 x 10-5 M) and lowering the 
(Na)o to 1/5 of normal. During epinephrine induced con- 
traction K efflux and influx increased 486% and 107% respec- 
tively. During low Na induced contractions K efflux in- 
creased 226% but K influx did not change significantly. The 
total changes in tension and net K change induced by lower- 
ing the (Na)o and adding epinephrine were not significantly 
different from the changes induced by epinephrine in normal 
solution. Replacing NaCl with NaSCN did not result in con- 
traction but did result in a decrease of the effects of epi- 
nephrine on tension and K fluxes. Ca influx increased dur- 
ing both epinephrine and low Na induced contractions. Ca 
efflux was not affected. There was no change in Na24 net 
entry during epinephrine induced contractions. These data 
were interpreted to suggest that movements of Ca, K, and 
possibly Cl are related to contraction in vascular smooth 
muscle. Na is involved through an antagonism with Ca. 


Pharmacology 
MEMBRANE POTENTIALS IN VENOUS SMOOTH MUSCLE. Ian C. Roddie* 
and Samuel Kirk.* Dept. of Physiology & Biophysics, Univ. of 
Washington, Seattle. 





Single cells in the frog inferior vena cava, either iso- 
lated or in situ, were impaled with glass microelectrodes. The 
electrodes had tip diameters of 0.5/ or less, resistances of 
30-60 Mf& and were mounted on 2 mil tungsten wire as described 
by Woodbury and Brady (Science 123:100, 1956). During penetra- 
tion of the wall by the electrode, the recorded potential fre- 
quently fell about 60 mV (range 20-80 mV) from 0. The negativ- 
ity, which could be demonstrated only in fresh preparations, 
was rarely constant for longer than 10 sec and the potential 
generally returned to 0 either promptly or gradually over 1-2 
min. An increase in electrode resistance of 50-100% accom- 
panied the reduction in recorded potential and was attributed 
to the electrode being within a single cell. Occasionally, 
while the recorded potential was negative, fluctuations in it 
were noted, In some experiments these oscillations and spikes 
could be attributed to technical errors, but in others they 
appeared to represent spontaneous action potentials. (This 
work was conducted while Dr. Roddie held a Harkness Fellowship 
of the Commonwealth Fund and was supported by the Cardiovas- 
cular Training Grant (HTS 5147), National Heart Institute. ) 


Pathology 


A PHYSIOLOGIC AND ANATOMIC STUDY OF EXPERIMENTAL FAT EMBOLISM 
IN DOGS, Nirmal Saini* and William £. Jaques. Univ. of Okla. 
Med. Center, Oklahoma City, Oklahoma. 

Fat from the anterior abdominal wall or omentum of dogs was 
homogenized with ethanol and separated at 37°C. The fat was 
then injected intravenously intc 17 dogs. Pressures in the 
pulmonary and femoral arteries were recorded befcre, during 
and after injection of the fat. The dogs were sacrificed at 
intervals from four hours to four weeks and microscopic 
sections prepared. There was generally a slight fall in 
pulmonary artery pressures and no appreciable change in sys- 
temic arterial pressures. The lungs revealed copious amounts 
of intravascular fat initially with profound ectasia of the 
pulmonary vasculature. The fat eventually was found extra- 
vascularly and within lymphatic channels. Early, the heart 
showed intravascular fat and perivascular fatty degeneration 
of the myocardium. The brain and kidneys occasionally re- 
vealed intravascular and extravascular fat. The failure to 
elicit a pulmonary hypertension, as is usual with the in- 
jection of particulate matter, is attributed to the marked 
vasodilatation and presumably decreased pulmonary blood flow. 
The clearing action of the lungs is well demonstrated. (Sup- 





ported by a grant from National Heart Institute #H-3235 C3.) 
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Pathology 

PULMONARY ARTERITIS PRODUCED IN RATS BY FEEDING CROTALARIA 
SPECTABILIS, Joseph J. Lalich and Leonard P. Merkow*, Dept, 
of Pathology, Univ, of Wisconsin Med, School, Madison, Wis, 

Concentrations of 0,013 to 0.2% ground Crotalaria ctas 
bilis seed were mixed in Purina chow and fed to weanling f¢. 
male Sprague-Dawley rats, Levels of 0,05-0,20% C. ectabilis 
in the diet caused death within 16-33 days, As a 
Previous workers acute pulmonary hemorrhage and hepatic 
necrosis was the most common cause of death, In addition to 
these changes, pulmonary arteritis wes encountered in 17 ay 
myocarditis in 25 of 71 test rats, A florid leukocytic ip. 
filtration occurred in the media and the periarterial space, 
Peculiarly, only the pulmonary arteries were affected, None 
of these changes were seen in organs of 12 control rats, 
Studies show that the toxic factor in C, spectabilis is 
absorbed from the intestinal tract, in some manner escapes 
hepatic detoxication and then may produce en inflammation in 
the pulmonary arteries, On the basis of anatomic localization 
and inflammatory response C. spectabilis induced sngiopsthy 
differs appreciably from arterial injury caused by B-amino-~ 
propionitrile feeding. (Supported by a grant from U.S,P,H,, 
A~-538, ) 





Pathology 


VASCULAR LESIONS IN COPPER DEFICIENT SWINE. W. _H, Carnes, 
G. S. Shields*, G. E. Cartwright, and M. M. Wintrobe. Univ. 
of Utah College of Medicine, Salt Lake City, Utah. 

Eleven of 19 swine reared on evaporated milk supplemented 
with iron, died at 55-131 days of aortic rupture. Aortic 
lesions were also found in 5 others that died and in 3 of 4 
killed at 77-126 days. Medial lesions consisted of: (1) in- 
terlaminar deposits of hyaline and amorphous material that 
was irregularly metachromatic and PAS positive and stained 
inconstantly with orcein or resorcin-fuchsin; (2) focal 
breaks in elastic laminae; (3) local or dissecting intramural 
hemorrhages; (4) fibrous collagenous repair; and (5) rupture, 
All segments of aorta and coronary, brachial, brachiocephalic 
and pulmonary arteries were affected in variable degrees. No 
such lesions were found in 14 swine on same diet supplemented 
with copper sulfate and killed at 109-142 days. The lesions 
suggest a fundamental defect of elastic tissue. (Supported 
by grants from the Public Health Service.) 





Pathology 


EFFECTS OF SEROTONIN AND THEIR INHISITION: MORPHOLOGIC OBSER- 
VATIONS ON THE VASCULATURE OF THE MOUSE EAR. G. E, Strobel*, 
J.McIntosh*, and J.P.Kulka. Dept.of Pathology, Harvard Medical 
School and Robert B. Brigham Hospital, Boston, Mass. 

The effects of 5HT (serctonin) on minute blood vessels are 
of clinical interest in the carcinoid syndrome and may have 
general pathogenetic significance in the mediation of inflamm- 
tory tissue damage. These vascular changes and their inhibition 
by chemical agents were studied in the mouse ear using a tech- 
nique of freeze fixation which permits stereomicroscopic obsef- 
vation of the terminal vascular bed in a life-like state, un- 
complicated by anesthesia or operative trauma. Single i.v. 
doses of 5HT produced the following effects: 1)extravasation of 
parenterally administered Evans Blue dye (after 50 or more ug/ 
kg); 2)vasodilation(occurring directly after doses of 50 to 250 
ug/kg or following an initial period of constriction after 
larger doses)/ 3)vasoconstriction, increasing in duration with 
dose(minimum 250 ug/kg). Local administration of 5HT produced 
comparable results. Dye escape and vasodilation were most pro- 
minent in venules and were similar to the effects of twenty 
times the dose of histamine. The effects of i.v. 5HT were part- 
ly inhibited by 10 mg/kg UML-491 (Sandoz). These findings in 
mice provide additional evidence that concentrations of 5HT 
within limits attainable from endogenous sources will produce 
the basic microcirculatory changes of early inflammation. 
(Supported by PHS Grant A-2349 and Contract DA-49-193-MD-2007.) 
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086 CARDIOVASCULAR SYSTEM—Blood Vessels— 
Capillary exchange Physiology 
{HE INFLUENCE OF ELECTRICAL STIMULATION OF THE BRAIN ON TISSUE 


ypTAKE OF Rb86, N, P, Clarke,* R. F. Rushmer and 0, A. Smith, 
Dept. of Physiology & Biophysics, Univ. of Washington, Seattle. 





Circulating radiorubidium ions are rapidly taken up by the 
tissues in proportion to the net effect of the processes gov- 
erning transcapillary transfer (i.e., tissue blood flow, capil- 
lary surface area, capillary pressure, etc. ). In rats tissue 
uptake of intravenously injected Rb86 induced by 20-sec stim- 
ulation in the posterior hypothalamus and mesencephalic retic- 
ular formation was compared with the uptake in unstimulated an- 
imls, The stimulation increased the isotope uptake by 280% in 
skeletal muscle and 40% in heart, Uptake decreased 90% in the 
kidneys and spleen, 40% in the stomach and 30% in the skin, The 
changes in the liver and lungs were not significant. Systolic 
arterial pressure increased by 65 mm Hg and transient tachy- 
cardia was replaced by bradycardia during the latter part of 
stimulation, Acute adrenalectomy reduced the bradycardia and 
the uptake of isotope in skeletal muscie during stimulation 
was only 80% above control levels, These experiments demon- 
strated powerful neural mechanisms appropriate for the inte- 
grated adjustment of cardiovascular performance, [This study 
was supported by the Cardiovascular Training Grant (HTS 5147), 
National Institutes of Health. ] 


Physiology 


THE DEMONSTRATION AND MEASUREMENT OF PERMEABILITY 
CHANGES ACROSS MESOTHELIAL MEMBRANES. J. Cascarano,* 
A.D. Rubin,* and B.W. Zweifach, Dept. of Pathology, 
V.¥.U. Medical Center, New York. 

The isolated rat diaphragm has been extensively 
used for studying the effects of experimental agents 
on the metabolism of striated musle. Little atten- 
tion has been devoted to possible effects imposed 
by the presence of its mesothelial covering. Tetra- 
zolium salts were used since depth of penetration 
and the absolute amount of formazan (reduced T.S.) 
could be readily established. The data permit the 
determination of changes in effectéve concentration 
of tetrazolium salt on the inner surface of the 
mesothelium to account for "apparent" deviations 
from Fick's law of diffusion. In certain experimen- 
tal situations, such as exposure such as exposure to 
the redox dye phenazine methosulfate, a considerable 
increase in the permeability of mesothelium to tetra 
zolium salt occurs. Similar effects have been ob- 
tained with endothelium lining the heart and carotid 
arteries. The fact that this effect could be rever- 
sed by succinate suggests the phenomena might be 
metabolically controlled. 


Physiology 


EFFECTS OF X-IRRADIATION ON THE DISTRIBUTION OF RADIOIODINATED 
HUMAN SERUM ALBUMIN IN THE GOLDEN HAMSTER. 
and George P, Fulton. Boston University, Boston, Mass. 

The distribution and equilibration of injected radioiodinated 
human serum albumin were studied in non-irradiated and irradiated 
hamsters (600 r and 1200 r) on the seventh post-exposure day. 

The time intervals were determined for vascular-extravascular 
equilibration in the whole body and in selected tissues, and the 
telative masses of vascular and extravascular albumin were 
measured, The radio-albumin concentration in blood fell rapidly 
imediately following injection in both irradiated and non- 
irradiated groups. The disappearance rate and time required for 
vascular—extravascular equilibration were greater in both irra- 
diated groups than in non-irradiated controls. The disappearance 
Tate for the 600 r group was approximately twice that of the 

1200 r, and the equilibration time was faster as well, Although 
exposure to 600 r and 1200 r produced pronounced changes in both 
tissue disappearance rates and equilibration times, magnitudes 
Were expremely variable. No correlation was found between the 
change in disappearance rate and that in equilibration time for 
either exposure. The effects produced by exposure to 1200 r did 
hot result in simple potentiation of the effects of 600 r in any 
Particular tissue. (Supported by Contract AT(30-1)2114 from the 
Atomic Energy Commission and Grant H-3087, Nat'l. Heart Inst., PHS) 









Physiology 


TRANS-CAPILLARY AND TRANS-PERITONEAL MOVEMENTS OF 7-1834- 
ALBUMIN IN RABBITS. Robert E, Semple and 
Dept. of Physiology, Queen's University, Kingston, ho. 
Movements of T-1824-albumin complex across the capillary 
and peritoneal membranes were studied in 76 rabbits. Dis- 
appearance rates of the complex from plasma were measured 
under control conditions and during peritoneal dialysis 
against isotonic glucose. Changes in the disappearance rates 
from plasma brought about by dialysis were about twice as 
great as could be accounted for by the concomitant loss of 
fluid from plasma, Thus the extra-cellular electrolyte or 
other changes brought about by dialysis apparently had a 
specific effect on the permeability of the capillary membrane 
to the T-1624-albumin complex. The effects of histamine and 
of measures designed to block the reticulo-endothelial system 
on trans-capillary and trans-peritoneal movements were also 
noted. Histamine increased the disappearance rate from plasma 
but decreased the rate of movement across the peritoneum. 
Under these conditions histamine apparently stimulated the 
reticulo-endothelial system but did not effect or decreased 
the permeability of the capillary membrane. In 10 experiments 
pre-treatment with colloidal carbon had no significant effect 
on the disappearance rate from plasma. (Supported by a grant 
from the National Research Council of Canada.) 


Pathology 

EFFECT OF HISTAMINE AND SEROTONIN ON VASCULAR PERMEABILITY. 
Guido Majno, Gutta I, Schoef1* and George E, Palade, Harvard 
Med, School, Boston, Mass.; Rockefeller Institute, New York, 

Adult rats were given an i.v. injection of colloidal HgsS 
and a subcutaneous injection of histamine or serotonin (18-180 
and 0,3-2,2 y of the base) into tne scrotum, The underlying 
cremaster was fixed at varying time intervals (1 min,-57 days) 
and examined by electron microscopy. The finest vessels were 
found intact, but larger vessels showed gaps between endothel- 
ial cells; the cleavage took place along the intercellular 
junctions, and was often complicated by deep infoldings of the 
cell margin (the site of the leaks was confirmed by optical 
microscopy on cremasters perfused with 0.5% AgNO, to demon- 
strate the intercellular lines), The basement membrane remain- 
ed intact, and acted as a filter for the escaping plasma; large 
amounts of HgS particles were thus withheld within the vascu- 
lar wall, together with certain proteins, and chylomicra in 
amounts large enough to be identified by fat stains on formoi- 
fixed cremasters, In parallel experiments rats were given 
carbon black intravenously and histamine or serotonin locally; 
the cremaster was then fixed in formol, cleared in glycerin 
and examined in toto by transparence, Such preparations showed 
that the damaged vessels belonged to the venular tree, whereas 
the capillaries were essentially intact, (Supported by grants 
from The U. S, Public Health Service), 





Pathology 


WATER TRANSPORT IN EXPERIMENTAL HYDRATION AND DEHYDRA- 
TION: AN ELECTRON MICROSCOPIC STUDY. Sarah A, Luse, M.D. 
Washington University School of Medicine, St. Louis, Mo. 

In experimental edema of the brain the oligodendroglial cytoplasm 
swells and in dehydration shrinks. Thus, the oligodendroglia subserve 
a function of transport in the central nervous system where there is 
virtually no extracellular space. In dehydration the endothelium of 
blood vessels in the brain, heart, and other organs contain numerous 
small and large vacuoles which may partially occlude the lumen. 
Vacuoles occur following hypertonic intravenous sucrose, glucose, 
sorbitol, urea, or sodium lactate. With rehydration by intravenous 
distilled water the endothelial vacuoles disappear. Reducing the 
blood volume by bleeding also produces endothelial vacuoles, 
suggesting that they are due to transport of fluid from interstitial 
tissues through the endothelium to the blood. (Supported by USPH 
Grants Nos. B-1539 and B-425.) 
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return Physiology 


DECREASE IN VENOUS RETURN CAUSED BY VENOUS PULSATION, Arthur 
C. Guyton and Oliver Carrier*. Univ. Med. Center, Jackson, Miss. 

Many research workers have suggested that pulsations in the 
venous system probably aid venous return, Other studies, in- 
cluding some from our laboratory, have shown that negative 
right atrial pressure does not increase venous return, while 
positive right atrial pressure markedly reduces venous return. 
From these facts it can be deduced that alternate positive and 
negative right atrial pulsation should cause an average venous 
return less than that which occurs when the right atrial pres- 
sure is nonpulsating but of the same mean value. To study 
this postulate, a cannula was inserted through the wall of the 
right atrium, and pulses of blood were injected into and re- 
moved from the right atrium at frequencies varying from 60 to 
160 per minute and in volumes varying from 0 to 64 cc. per 
pulse. In approximately 200 separate studies in 12 dogs, 
pulsations of different frequencies and different volumes 
benefitted venous return in not a single instance, and any 
time the mean right atrial pressure was in the near vicinity 
of normal (between -6 and +6 mm, Hg), even the minutest pul- 
sation diminished venous return. Marked pulsation diminished 
venous return as much as 50 per cent. It is concluded, there- 
fore, both on theoretical and experimental grounds, that 
venous pulsation is detrimental to venous return rather than 
helpful. (Supported by a grant from NIH.) 


Physiology 
TISSUE HYPOXIA AND CARDIOVASCULAR FUNCTION IN DOGS. J. R. R. 
Bobb and J. Maxwell Little. Bowman Gray Sch. Med., Wake 
Forest College, Winston-Salem, N. C. 

Under chloralose anesthesia, with or without morphine, tis- 
sue hypoxia was produced by intermittent bleeding (100 ml.each) 
and immediate injection of a similar volume of Dextran. Final 
hematocrit values: 7.5-14.9%. While breathing 02 several pre- 
and post-bleeding measurements were made of mean arterial pres- 
sure (MAP), mean central venous pressure (MVP), and heart rate 
(HR); single measurements of cardiac output (CO), A-V 02 dif- 
ference (A-V 02), venous 02 content (V02) and blood volume 
(BV) were made. Peripheral resistance (PR) and stroke volume 
(SV) were calculated. In 9 dogs the average post-bleeding % 
changes were: MAP + 0.4, MVP + 95, HR + 56, CO + 92, A-V 02 - 
37, VO2 - 76, BV - 14, PR - 46, and SV + 33. In 5 control dogs 
the values with time lapse were: MAP + 6, MVP + 2, HR + 50; 
and in 4/5 dogs, CO - 31, A-V 09 + 58, VO2 - 23, PR+ 51, SV - 
49. Tissue hypoxia produced marked differences in MVP, CO, A- 
V 02, PR and SV. Other factors remaining constant, changes in 
MVP are directly related to BV and inversely to HR, SV, PR and 
vascular capacity. The results suggest that tissue hypoxia re- 
sults in a decreased vascular capacity, and perhaps more spe- 
cifically in a decreased venous capacity. | Supported by grants 
from the American Heart Association and NIH H-2718.] 


Physiology 


THE EFFECT OF DEEP HYPOTHERMIA ON THE VENOUS AND ARTERIOLAR 
BEDS. Richard L. Kahler*, Allan Goldblatt*, and Eugene 
Braunwald. National Heart Institute, Bethesda, Maryland. 

The effects of deep hypothermia on the capacity of the 
total systemic vascular bed, venous return, and peripheral 
vascular resistance were studied in an experimental prepara- 
tion in which the use of extracorporeal circulation permitted 
complete hemodynamic separation of the central and systemic 
circulations. Systemic flow was maintained constant through- 
out each experiment at 100 ml./Kg./min. Alterations in 
intravascular blood volume were measured continuously. Cooling 
to 15-25° C. was accomplished by means of a heat exchanger 
incorporated into the bypass circuit. Brief occlusion of the 
venous outflow line permitted the inscription of venous pres- 
sure-volume curves. In 10 dogs hypothermia produced venodila- 
tation and an increase in intravascular blood volume averaging 
15.9 ml./Kg. Alterations in venous pressure-volume curves 
were consistent with the observed changes in vascular capacity. 
In addition there was a fall (av. 28%) in peripheral vascular 
resistance during cooling. With rewarming to 37° C. 
arteriolar and venous tone returned to control values. It is 
concluded that hypothermia results in reversible venous and 
arteriolar dilatation. 
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Physiology 
EFFECTS OF RIGHT AND LEFT CARDIAC DISTENSIONS oy 
STEADY STATE ABDOMINAL CONTRACTIONS. John K, 
Turner. * Physiol. Div., US Army Med. Res. Lab., 
Fort Knox, Ky. 

The abdominal compression reaction (ACR) is a type of 
activity observed when steady state contractions of the 
abdominal muscles are interrupted by breathing. Since 
evidence from previous investigations indicates that the ACR 
is facilitated by a decrease in central blood volume, effects 
of distensions of limited regions of the heart and pulmonary 
circuit were investigated to determine the locus of the res- 
ponsible receptors. Mechanical distension of the left atrium 
by a method not obstructive to blood flow elicited a decrease 
in strength of the ACR in the absence of arterial blood 
pressure changes; distension of the right atrium was without 
effect. When heart and lungs were bypassed, distension of 
the left heart elicited a rapid decrease in strength of the 
ACR and prevented its elicitation by co,. Distensions 
were without effect when the vagi were sectioned. These 
data seem to indicate that distension of the left heart 
reflexly inhibits steady state activity of abdominal muscles, 





088 CARDIOVASCULAR SYSTEM—Blood Vessels—Wave 
transmission 
Physiology 


PRESSURE PULSE CONTOUR CHANGES IN DIFFERENT ARTERIAL BEDS. J, 
E. Meisner.* Dept. of Physiol., Med. Coll. of Ga., Augusta, a, 

ges in contour of the arterial pulse as it moves through 
the carotid, the subclavian-brachial-radial, and the aorta- 
femoral systems were recorded in the goat, dog, rabbit, and 
rat using four matched recording systems. These changes fol- 
low at least four patterns: a) A propagation of the whole 
central contour, including past-incisural hump when present, 
with a small but progressive reduction in pulse pressure, 
This was seen in the carotid artery of the dog, and the aorta 
of the rat. b) Amplification of the anacrotic shoulder, with 
an identity in timing of this early peak, as seen in the ax- 
illary and brachial artery of the dog and goat, and in the 
abdominal aorta of the dog. c) The attainment of "resonant" 
systolic peaks, identical in timing, as seen in the abdominal 
aorta and femoral artery of the dog and rabbit. d) A periodic 
oscillation in pressure without reciprocal oscillations in the 
aorta, as seen in the brachial and radial arteries. In an un 
branched vessel, such as the common digital artery of the goat, 
the systolic peak is reached earlier at the peripheral end than 
at the central end. An attempt at correlation with vessel size 
and length, and the sites of arterial branchings, will be at- 
tempted. (Supported by grant HTS-50l, National Heart In- 
stitute). 


089 CARDIOVASC ULAR SYSTEM—Blood Volume 
Physiology 


PRESSURE-VOLUME CURVES IN LIVE, INTACT DOGS, Travis. Q. 
Richardson*, James 0, Stallings*, and Arthur C, Guyton. Univ. 
Medical Center, Jackson, Miss. 

The effects of rapid changes in blood volume on mean circu- 
latory pressure have been studied. The mean circulatory pres- 
sure was determined by use of external electrodes to fibril- 
late and defibrillate the heart thereby stopping and starting 
the circulation, Thus, the measurements were made on intact 
animals. The hearts were defibrillated by applying 440 volts 
through two large electrodes, one applied to the posterior 
surface of the thorax and the other to the anterior surface. 
The arterial and venous pressures were brought to equilibrium 
by pumping blood from a femoral artery to a femoral vein. 
When blood volume was decreased by 15.4 per cent from the 
normal, the mean circulatory pressure fell to zero. With an 
increase in blood volume of 59 per cent, the mean circulatory 
pressure rose from a normal value of 7 mm, Hg to 25 mm, Hg. 
Mean circulatory pressure rose in all instances when the blood 
volumes were increased and fell when the blood volumes were 
decreased. Therefore, it is concluded that blood volume and 
mean circulatory pressure are directly related. Furthermore, 
the pressure-volume curve relating mean circulatory pressure 
to blood volume was almost precisely linear. 
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Physiology 
{MB CONCENTRATION CURVES OF T-182), AND 1131-LABELLED PROTEINS 
1 PLASMA AND LYMPH OF INTACT DOGS. Carleton H. Baker. Dept. 
of Physiology, Medical College of Géorgia, Augusta, Ga. 

The plasma time-concentration curves of T-182) and I12- 
labelled albumin or fibrinogen in intact dogs show a rapid 
initial fall (10-20 min.), a slower decrease, with fluctua- 
tions, up to about 70 minutes, and then a more uniform and 
slow decline. The fall in concentration can be due to: 

,) intravascular mixing; b) capillary transfer to a body pool; 
¢) mixing in the pool; d) extravascular degradation. Plasma 
curves cannot differentiate between (a) and (b). However, 
simltaneous studies of thoracic duct lymph and plasma indi- 
cate that by approximately 70 minutes the concentrations in 
pth are decreasing at parallel rates. The change in plasma 
slope at this time can be quantitatively accounted for by the 
lymphatic return. Therefore, this time seems to mark a com- 
plete mixing through body protein pools. The return of fibrin- 
on in the lymph is proportionally less than either T-182) or 
131-human albumin indicating that a lesser amount leaves the 
circulation and therefore the smaller dilution space measured 
ty this protein more closely approximates the plasma volume 
than the larger dilution space measured by both T-182), and 
113l-human albumin. (Supported by USPHS grant H-l573). 





Physiology 


DINAMICS OF SINGLE INJECTION AND CONSTANT INFUSION OF COLLOI- 
DAL CHROMIC PHOSPHATE: THE RELATICN TO SPLANCHNIC PLASMA 
VOLUME. E tL, Dob and Frederick P,. Mustell].* Donner 
labs, Univ. of Calif., Berkeley. 
Suitably prepared colloidal Crp320,, injected intravenous- 
ly, is cleared from blood at an exponential rate. 
C = CoenKt 

liver plasma flow can be estimated from the rate constant and 
the extra-splanchnic mixing volume. 

LPF = KVy 
orP320, infused intravenously at a constant rate establishes 
an equilibrium concentration in the blood. Liver plasma flow 
can be calculated from the equilibrium level. 

LPF = I/Cy 
in equation for estimating the splanchnic plasma volume may 
te derived. Vsp = Vp) - I/CEgk 
These are simplified approximate equations, the use of which 
wll be justified in detail. Data on six dogs with repeat 
determinations on four of them give mean values of liver 
plasma flow and splanchnic plasma volume as follows: 

LPF = 254 ml/min 10 Kg body wt. 

Vs 101 m1/10 Kg body wt. 
18% total plasma volume. 
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THE SIMULTANEOUS MEASUREMENT OF BLOOD VOLUME IN MAN BY THE 
USE OF CHROMIUM=51, EVANS BLUE AND CARBON MONOXIDE. G.K. Dan- 
ielson*, and W.S, Blakemore*, Harrison Dept. Surge Res., 
Schools of Medicine, University of Pas, Philadelphia, Pa. 
Blood volume was determined simaltaneously in 11 subjects 
by the Cr-51 (Sterling and Gray), Evans Blue, and CO method 
of Sjostrand determined by measuring CO changes in blood and 
expired air utilizing an M factor of 270 (Fed.Proc. 19:238, 
1960). The mean total body hematocrit (0.939% 0.003) was de- 
termined by dividing the Cr-51 red cell volume by the plasma 
Yolume (Evans Blue) plus the red cell volume, The blood vol- 
mes obtained by the chromium and Evans Blue methods were 
56,1 and 62.1 cc/kg respectively. CO blood volume by measur= 
ing COHb content in blood was 55. cc/kg as compared to 57.3 
when the COHb vaiues were determined from the CO in the ex- 
tired air. Errors of the different methods,ie. fixation of 
1182, dye to proteins of the vessel walls, diffusion of CO 
into body tissues, and the removal of damaged Cr-51 labeled 
erythrocytes will be discussed. Within the limitation of accu= 
Tacy as imposed by these errors there appears to be no signi- 
ficant sequestration of blood within the vascular bed. 
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HES: TAMINE RELEASE AS 1 FACTOR IN TOLERANCH 1O LEVARYERENOL, 
John A. Coppola* and Joseph R. Di Palma. Hahnemann Med. Col. 
Phila. Pa. 

The causes of tolerance to leverterenol have not been de- 
finitively ascertained. The occurrance of hemoconcentration, 
edema, and capillary damage at tolerance has prompted investi- 
gations into the histamine releasing capabilities of levarter- 
enol. Employing a constant infusion apparatus, levarterenol 
was pumped into anesthetized dogs. An induced pressure of 30- 
40 mm.Hg. above the normal was maintained. Over a 3 hour per- 
iod the dose had to be increased in order to maintain this 
induced pressure. The final average dose received by 18 dogs 
was 13.3 mcg/kg/min. Using the.fluorimetrée assay devised by 
Shore, the histamine level in the blood was found to increase 
in response to succeeding doses of levarterenol. Eighteen dogs 
showed a mean rise of aporoximately 100 per cent above the 
control. The effects of levarterenol were observed also on 
animals depleted of histamine by 8/80. It was observed that 
ten 18/89 treated dogs required a higher initial dose of lev- 
arterenol to maintain the induced pressure. However, at the 
end of 3 hours only a mean dose of 6.26 mcg/kg/min was re- 
quired. Analysis of blood samples showed no alteration in 
the histamine content during infusion, It is concluded that 
histamine may be a factor in the development of tolerance 
to levarterenol. 








Pharmacology 


DRUG-INDUCED CHANGES IN VENTRICULAR "ECHO". Henry H. Swain, 
Barry A. Shapiro* and Kiro Shimamoto*. Dept. of Pharmacology, 
Univ. Michigan Medical School, Ann Arbor. 

Moe et al. (Circ. Res. 4: 357, 1956) and Rosenblueth (Am. J. 
Physiol. 195: 53, 1958) have shown that under certain circum- 
stances a beat, initiated in the ventricles of the heart, is 
conducted to the atria through the A-V node and then returns to 
re-excite the ventricles. This second response of the ventri- 
cles to a single stimulus is termed a ventricular "echo" beat. 
In our studies the dog heart-lung preparation with crushed S-A 
node has been employed because the very low automaticity of 
this preparation permits study over a wide range of driving 
frequencies. Long-acting drugs were added to the venous reser- 
voir and short-acting drugs were infused into the inflow can- 
nula. Acetylcholine, physostigmine, ouabain, and quinidine 
(1) prolong V-A conduction time, (2) prolong the time interval 
between driven beat and echo beat, and (3) lower the driving 
frequency range in which echo beats appear. Sympathomimetic 
amines, atropine, and veratrine have the opposite effect upon 
these three measurements. Potassium chloride administration 
abolishes the atrial response to ventricular stimulation, but 
it does not abolish the ventricular echo beats. (Supported by 
a grant from the Life Insurance Medical Research Fund.) 
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SPECTROFLUOROMETRIC ASSAY OF CARDIOTONIC STEROIDS. B2.G. 
Katzung*, D. Wells*, and F.H. Meyers. Dept. of Pharmacology, 
University of California Medical Center, San Francisco, Calif. 
Treatment of some cardiotonic steroids with strong acids 
has been reported to yield fluorescent unsaturated aglycones. 
Jensen (Acta. pharm. et tox. 9:66, (53)) developed a fairly 
sensitive fluorometric method for the determination of gitoxi- 
genin and dizitoxigenin and their glycosides utilizing HCl, 
Ha0 and ascorbic acid in methanol. .This method was re- 
evaluated for the assay of a variety of cardiotonic steroids 
and a few other steroids of biological interest. Characteris- 
tics of the excitation and fluorescence spectra were deter- 
mined. Using a modification of Jensen's techniques and a 
spectrofluorometer, a linear fluorescence vs. concentration 
relationship was demonstrated for both digitoxin and digoxin 
in the concentration range between 0.01 and 6 ue/ml reaction 
mixture. Spectra are sufficiently different to permit deter- 
mination of the two glycosides in the same cuvette. Applica- 
tion of the method to the determination of gitoxin in this 
low concentration range is equally practicable. Of the other 
steroids tested, cholesterol fluoresced stronely, scillaren A 
and B and strophanthin K weakly, and ouabain, testosterone, 
hydrocortisone, and cholestanol not at all. (Supported by 
grant No. H-5072 from the National Institutes of Health. ) 
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NOREPINEPHRINE- INDUCED CARDIAC DEPRESSION IN DIGITALIZED 
HYPOTHERMIC DOG HEART MUSCLE. Joanne I. Moore* and Marion 
deV. Cotten. Dept. of Pharmacology, Emory Univ., Atlanta, Ga. 

Previous experiments with intact anesthetized dogs demon- 
strated that the positive inotropic response to norepinephrine 
was blocked or reversed during hypothermia after administra- 
tion of large doses of cardiac glycosides. To evaluate the 
extent to which secondary factors may have influenced this 
phenomenon in intact dogs, further experiments have been con- 
ducted in the dog heart-lung preparation (HLP). The HLP was 
maintained at 28° C throughout the experiment. Norepinephrine 
(5 to 20 wg) increased ventricular contractile force (CF) and 
systemic blood flow (CO), and decreased left atrial pressure 
(LAP) at 28°. The responses were often triphasic and were 
characterized by an initial increase in CF and CO, a secondary 
decrease often to below control and a third prolonged increase. 
Quabain (50 to 200 ug) increased CF and CO, and decreased LAP. 
After ouabain, norepinephrine decreased CF and CO and in- 
creased LAP without inducing cardiac arrhythmias. This ob- 
servation of norepinephrine-induced cardiac depression after 
ouabain also has been demonstrated in dog isolated papillary 
and atrial muscle at 28° but not at 37° C. (Supported by 
Public Health Service Grants No. H-3339 and SF-140) 
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STUDY OF DRUG EFFECTS ON HYPOTHERMIC VENTRICULAR FIBRILLATION 
IN SEVERAL DOGS SIMULTANEOUSLY. Re He Wheelock”, C. V. 
Winder and W. Galbreath”. Res. Div., Parke, Davis & Co., 
Ann Arbor, Mich. 

Provisions for ECG, and blood pH and deep esophageal temp=- 
erature measurements are made in pentobarbitalized dogs. 
Animals are tied in respective sections of a flexaframe ®) rack 
and, after control readings, lowered individually into the ice= 
water bath in which the composite framing stands. For ventila= 
tion of one or all animals via tracheal intubation, air at 
regulated pressure flows at controlled rate Into a dome under 
a head of water from which Intermittent admittance to an In- 
sufflation manifold and subsequent escape from an exhalation 
manifold are controlled by a rotating double valve. Empirical 
relationships established between temperature and air flow re= 
quired for maintenance of venous pH at 7.27=7.44 (corrected) 
guide flow adjustments as temperatures fall. Animal size 
restriction and control of immersion depths insure sufficiently 
uniform ventilation without serious pH deviations. Actively 
randomized |.V. treatments are given at the rate of 1/5 the 
intended dose per 3° temperature fall. Of 246 consecutive 
vehicle-treated animals 83% "'fibrillated''. Quinidine, 23.2- 
26.5 mg/kg cumulative dose (base), significantly reduced 
fibrillation incidence in comparison with concurrent controls 
a vs. 14/18; P = 0.009). Procaine amide failed at 50-60 
mg/kg. 
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THE EFFECT OF VAGOTOMY ON DIGITOXIN BRADYCARDIA IN FROGS. 
T. F. Redick, P. L. McLain, R. E. Bohl# R. E. Keenan* Dept. 
of Physiology & Pharmacology, University of Pittsburgh School 
of Medicine, Pittsburgh 13, Pennsylvania 

The influence of the vagus nerve on digitoxin induced 
bradycardia was tested in the following way. The heart rates 
were counted in 4 series of frogs every 5 minutes over a 
period of 45 minutes. The first series was a control with 
vagi intact. The mean heart rate did not change significant- 
ly. The second series was a control with both vagi cut. The 
mean heart rate in this series likewise did not change over 
the 45 minute period. The third series of frogs had intact 
vagi and received .0018 mg. / gram of digitoxin in a single 
dose, The mean heart rate in this series fell gradually over 
the 45 minute period. The mean difference between the con- 
trol rate and the rate at the end of 45 minutes was 9.3 
beats/minute. The standard error was less than 2. The fourth 
series of frogs had both vagi cut and received the same dose 
of digitoxin as the third series. The mean heart rate fell 
14,3 beats/minute paralleling the decline of the third series. 
Statistically there was no difference between the third and 
fourth series, suggesting that the vagus has no effect on the 
bradycardia induced by digitoxin in the frog. There were 
about 20 frogs in each series. All animals were anesthetized 
with urethane. 
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ELECTRICAL AND MECHANICAL ACTIONS OF 5-HYDROXYTRYPTAMINF 
EPINEPHRINE, OUABAIN, AND PROCAINAMIDE ON STRIPS OF TURTLE 
VENTRICLE, A. Stuart Hanson* and Thomas A. Megill*, Department 
of Pharmacology and Toxicology, Dartmouth Medical School 
Hanover, New Hampshire. 

Strips of turtle ventricle were driven electrically at a 
rate of 6/min. Contractions detected with a strain gauge and 
potentials from unipolar ECG leads were recorded simultane- 
ously. A continuous drip of buffered Ringer's solution was 
used to superfuse the tissue during control periods and to 
wash out after drug application. Drugs dissolved in Ringer's 
solution were applied in the same way during test periods, 
Data after use of ouabain and procainamide confirmed obser- 
vations of previous investigators. Ouabain increased con- 
tractile force, shortened Q-T interval, and increased con- 
duction time. Procainamide increased conduction time and 
lengthened Q-T interval, but the latter not significantly. 
Electrical threshold rose. Contrary to previous reports, 
epinephrine in concentrations up to 10 pg/ml increased re- 
corded contractions while 50 to 1900 ey were depressant. 
5-Hydroxytryptamine in concentrations from 0.1 to 20 pe/ml 
had minimal and inconstant effects on the properties investi- 
gated. Concentrations from 50 to 1000 me 4 were depressant, 
5-HT did not alter the toxic effects of ouabain or procain- 
amide. (Supported by PHS research grant H 4747.) 


Pharmacology 


THE EFFECT OF RESERPINE PRETREATMENT ON THE POSITIVE INOTROPIC 
ACTION OF EPHEDRINE AND OUABAIN. Vincent Cairoli*, Joseph 
Reilly and Jay Roberts. Department of Pharmacology, Cornell 
University Medical College, New York, New York. 

The importance of catecholamines in the contractility of 
cardiac muscle has been demonstrated by Lee and Shideman (Sci- 
ence, 129:967, 1959)» The action of ouabain to increase the 
force of contraction has been related to catecholamine release 
(Tanz, The Pharmacologist, 2(2):95, 1960). In the present 
study, the positive inotropic action of ephedrine was related 
to catecholamine activity. Twenty-six papillary muscles were 
prepared according to the method of Garb; thirteen were from 
cats treated with reserpine 24 to 36 hours previously. 
were applied when the amplitude of contraction was about 5 
of control. In the non-treated group, ephedrine (5 ugm/m.), 
ouabain (0.2 ugm/ml) and epinephrine (0.1 ugm/ml) increased 
the amplitude contraction to 106, 92 and 94% of control re- 
spectively. After reserpine ephedrine increased the amplitude 
of contraction to only 58% while ouabain increased it to 60% 
of control. The effect of epinephrine did not appear to be 
diminished. While in non-treated muscle ouabain usually in- 
duced spontaneous beating, this effect was not seen after re- 
serpine. The latter suggests that the action of ouabain on 
cardiac rhythmicity may be due to catecholamine release. 
(Supported by USPHS grant H-1165). 


Pharmacology 


THE POSSIBLE RELATION OF POTASSIUM TO THE INCREASED TOLERANCE 
TO DIGITALIS DURING HYPOTHERMIA IN DOGS, J. R. Turemar and 
Ww, M, Booker, Dept. of Pharm,, Howard Univ., Wash., D. C. 

Tn a previous study it was shown in dogs that the dose of 
digoxin required to produce ventricular arrhythmia in hypo- 
thermia was on the average 100% greater than the dose to pro- 
duce the same effect in normothermia, It was felt that a 
shift in electrolytes during hypothermia might explain the 
above findings; therefore, experiments designed to test this 
postulation, especially regarding potassium, which might be 
correlated with our findings, Dogs anesthetized with pento- 
barbital sodium at normal. body temperature were administered 
digoxin through a cannula in the right jugular vein. Biops- 
ies of the left ventricle before digoxin administration and 
at the end of each experiment were performed, Changes in he- 
matocrit, serum potassium, serum sodiun and ECG were followed, 
The same procedure was folloved at a body temperature of 
25+1°c, Our results have not consistently shown that changes 
in potassium at the myocardium are unidirectional, In some 
experiments the potassiun was lowered, but in others it was 
either unchanged or elevated, This causes us to seriously 
question the hypothesis that tolerance to digoxin during hypo- 
thermia is necessarily related to elevated potassium, We are 
now investigating the state of the catechol-amines and other 
substances, 
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Pharmacology 


gract OF DIGOXIN PRETREATMENT ON HEART CONTRACTILE FORCE 
THIOPENTAL INFUSION. A.H.Goldberg*, H.M.Maling, and 

tine *, Natl. Insts. of Health, Bethesda. WaryTand 

Tt is not known whether digitalization increases the mini- 
wi negative inotropic dose of barbiturates. Boniface & Brown 
showed that ouabain increases the cardiac arrest dose of pento- 
jarbital. The purpose of this study was to determine whether 
digitalization would affect the inotropic response to thiopen- 
tal in anesthetic as well as nearly lethal doses. A strain- 

arch was sutured to the right ventricle under chloralose 

mesthesia (100 mg/kg i.v.). The effects of an infusion of 
thiopental (1 mg/kg/min i.v.) on contractile force were noted. 
p6 of 8 digitalized dogs (digoxin 0.1 mg/kg i.v.) and 2 of 
gcontrols, the thiopental infusion initially caused an abrupt 
inrease in contractile force (+5 to +48%), arterial pressure, 
mi heart rate; this may be due to catecholamine release. The 
yan percent changes in contractile force produced by thiopen- 
tl after 15, 30, and 60 mg/kg were -9.5, -33, and -60.8% in 8 
gntrols and +8.2, -13.7, and -28.8% in 8 digitalized dogs. 
the differences are significant (p=.07, .06, and .005). These 
data suggest that digoxin may protect the heart against the 
negative inotropic effect of thiopental at low as well as at 
high doses. However, the initial increase in contractile 
force appears to be an important factor. 


Pharmacology 
tHE RESPONSE OF IN VITRO CARDIAC PREPARATIONS FOLLOW- 
ING d,1-ALDOSTERONE AND SPIROLACTONE. Ralph D. Tanz* 


School of Medicine, Western Reserve U., Cleveland. 
Previous studies from this laboratory have shown 
that certain steroids may elicit a positive inotrop- 
fe action when added to the perfusate bathing vari- 
us in vitro cardiac preparations. Papillary mus- 
tles from cats were stimulated at 60 times/min for 


lmec. Bath temperature was maintained at 37.5 
mi 95% O> and 5% COs was bubbled through the per- 
fusate which remained constant at pH 7.35. Steroids 


wre added to the perfusate within 1 min following 
the initial recording of contractile force. The 
dition of d,l-aldosterone (1 X 107-5 p/ml) or oua- 
tin (0.02 p/ml) resulted in a significant positive 
intropic action, in comparison to gitter the un- 
trated controls or T.H.F. (1 X 10~+ p/m). A neg- 
itive inotropic response resulted from ouabain (0.5 
Wal) and Spirolactone (1 p/ml). The simultaneous 
dition of d,l-aldosterone and Spirolactone did not 
toult in a negative inotropic response. On the 
falling’ whole isolated heart preparation a return 
control levels was obtained following the addi- 
. either d,l-aldosterone or Spirolactone (0.1 
a 


Pharmacology 


MIOPENTAL ARREST AND SPONTANEOUS RECOVERY OF THE ISOLATED 
WBIT HEART, Robert L, Russell* and Marvin L, Zatzman,* 
hpt, of Physiology and Pharmacology, Med, Center, Univ. of 
b,, Columbia, Mo. 

A study of coronary flow, heart rate, auricular and ven- 
tieular electrocardiograms was made utilizing the isolated 
ubbit heart. The Anderson coronary perfusion apparatus with 
(tenoweth's solution was used for maintaining the tissue pre- 
ration, By injecting various amounts of thiopental (12.5 
to 62.5 mgm) it was noted that the heart was arrested (.5 to 
Sain), During arrest no auricular or ventricular electrical 
wtivity was apparent and the coronary flow was not signifi- 
wmtly affected, Following spontaneous recovery the ventricu- 
lr electrocardiogram sometimes showed a reversal of the QRS 
tmplex for some several seconds afterwards, while the heart 
tte was unchanged from that obtained before arrest. Both 
uricular and ventricular electrocardiograms transiently in- 
teased in amplitude and returned to approximately normal 
lwels in about 10 seconds. 
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Effect OF OUBAIN ON GLYCEROL-EXTRACTED HEART MUSCLE FIBERS. 
K.S. Lee . State Univ. Coll. of Med. at Brooklyn, N.Y. 

Heart auscles were extracted in a 50% glycerol + 0.1 M 
Histidine buffer of pH 7.00 for 24 hours at 0°C, then stored 
for verious lengths of time at - 20°C, The contractions of 
these fibers were measured isometrically in a specially 
constructed muscle chamber. Thin fibers extracted for less 
than one week were found to relax from ATP induced contraction 
following the addition of phosphocreatine (PC), when the pH 
of the nedium is 6.7. The addition of Ca** to the relaxed 
fibers resulted in a pronounced contraction. Thus, these 
fibers appear to contain a "relaxing factor". The relaxing 
effect of phosphocreatine was not observed in those fibers 
which were extracted for more than 5 weelts. The thickness o f 
the fibers also modified the response of the fibers to ATP 
and PC, When PC is present in the medium before the addition 
of ATP at pH 6.7, the fibers of short extraction, contracts 
initially, then promptly relaxes. Oubain elicited a 
cheracteristic response in those fibers which appear to 
contain the "relaxing factor". The preincubation of these 
fibers with oubein (1 ug/ml) markedly increased the ATP- 
induced contraction of these glycerol-extracted fibers in 
the presence of PC. 


Pharmacology 


THE INFLUence OF K* AND Ca** ON THE EFFECT OF OUBAINS 
D. H. Yuf Re Burstein*and K. S. Lee. State Univ. Coll. of 
Med. at Brooklyn.N.Y. 

The levels of ATP, ADP, AMP, PC and IP; the Qop; the 
contractile tension and the Nat, K* and Cat+ content of pap- 
illary muscles of cat were measured following the adminis- 
tration of oubain to the medium containing varying amounts 
of K* and Ca**, 1) At inotropic stage of ouabain, the 
increased whereas there was no change in either the content 
of the phosphate compounds or the tissue content of Nat, K+ 
and Cat*, 2) Attoxic stage of oubain, the was markedly 
increased while the PC and ATP content were decreased. In 
addition the tissue content of K* was decreased whereas thet 
of Na* end Cat* was increased. 3) Excess Cat? in the medium 
increased the Qo,, the tissue content of Cat? and the con- 
tractile tension without a concomitant change in the levels 
of phosphate compounds. The addition of ouabain under this 
condition was followed by a decrease in the content of PO 
and ATP with no incresse in the contractile tension. 4) In a 
Ca** free medium, the contractile tension decreased markedly 
and the Qoo only slightly. The effect of oubain on all 
parameters measured was less in Ca** free medium than in the 
basic medium. Excess K* in the medium had a similar effect as 
that of Ca** in the medium. 
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FACTORS WHICH INITIATE OR INFLUENCE EDEMA IN THE ISOLATED DOGS 
HEART. P.F.Salisbury, C.E.Cross* and P.A.Rieben*, St. Joseph 
Hospital, Burbank, Calif, 

Paced hearts were perfused with arterialized blood through 
the left coronary artery by a system of reservoirs, while ther 
weight was continuously recorded and the chambers were blood- 
less. Residual myocardial blood content was measured with tag- 
ged red cells at the end of the experiment. Myocardial edema 
("ME") was characterized by steadily increasing heart weight 
trace, increase of heart weight (balance) after perfusion, 
beads of transudate on the epicardium, Weight gain of hearts 
was not explained by blood holdup, ME was initiated in unin- 
jured, donor-perfused hearts when the nonpulsatile coronary 
perfusion pressure ("CP") was above 200 mm Hg. ME was never 
seen in uninjured, donor-perfused hearts when CP was below 150 
mn Hg. With CP steady at 125 mm Hg ME was regularly initiated 
by various forms of cardiac injury (repeated electric defib- 
rillation, overdistention, use of disposable bag (but not 
rotating disk) oxygenators) and by hemodilution, Once ME had 
been initiated, the rate of ME formation could be increased by 
elevation of CP or hemodilution; it could be decreased or re=- 
versed by lowering of CP, adding serum albumin, or variation 
of cardiac dynamics (drugs, change of distention). 








Physiology 


LEFT VENTRICULAR DYNAMICS INFLUENCED BY CORONARY PERFUSION 
AND BY MYOCARDIAL EDEMA. C.E. Cross* P.A. Rieben”, and 
P.F. Salisbury. St. Joseph Hospital, Burbank, Calif. 
sure-volume diagrams of isolated, paced left vent- 
ricles were taken during isometric or auxotonic contractions 
while the left coronary artery was perfused from a reservoir 
with arterialized donor dog blood. Blood pH and temperature 
were controlled. The heart was weighed continuously, elimin- 
ating leaks and thebesian flow as sources of error. 
auxotonic contraction the left ventricle was filled with air 
and blood; its volume was calculated from Boyle's Law. Left 
ventricular distensibility was decreased by myocardial edema 
fluid accumulation and by rising coronary artery pressure, 
as evident from the slopes of the pressure-volume diagrams 
during diastole. At any given diastolic volume the systolic 
peak pressure was determined by the coronary pressure (or by 
the coronary blood volume or flow, which changed in the same 
direction as coronary pressure). Myocardial edema did not 
change the left ventricular systolic peak pressures at given 
diastolic LV volumes but reduced the "pulse pressure" gener- 
ated by the left ventricle at a given diastolic volume. 
Pressure-volume diagrams from isometric and auxotonic cont- 
ractions were similar in shape and were influenced by the 
same factors. 


Physiology 


ELECTRICAL ACTIVITY IN SINGLE CELLS OF THE MOTH MYOCARDIUM. 
Frances V. McCann*, Dept. of Physiology, Dartmouth Medical 
chool, over, New Hampshire. 

The moth myocardium provokes challenging questions of a 
fundamental nature regarding cardiac excitability because of 
its primitive nature, its bizarre ionic environment, and its 
ability to reverse the direction of the heart beat. Polarized 
light microscopy revealed a tubular structure composed of 
striated fibers arranged in layers oriented at right angles. 
Neither ganglionic elements nor mophologically discernible 
conducting tissue was observed. Electrical activity in 
individual cardiac cells of adult moths was measured in situ 
with conventional microelectrodes. Resting potential 
measurements gave a maximum value of 51 mv., inside negative 
to outside; action potentials achieved a maximum value of 5) 
mv. Each contraction of the heart was accompanied by a 
synchronous depolarization. The contour of the action 
potentials resembled that generally described for vertebrate 
cardiac cells, showing a slow up-stroke and a plateau 
coincident with delayed repolarization but not associated 
with a period of complete refractoriness. The shape of the 
action potentials does not appear to be associated with 
specific areas of the myocardium as is true of the vertebrate. 
Pacemaker - type potentials occur frequently, but unlike the 
vertebrate heart, they are not localized. 


Physiology 


SLOPE CHANGES OF VENTRICULAR PRESSURE CURVES COMPARED WITH 
VENTRICULAR FUNCTION CURVES. Robert A. Tolman* and Paul G. 
Young.* Dept. of Physiology, Univ. of Louisville School of 
Med., Louisville, Ky. 

Simultaneous left ventricular and aortic pressure curves 
were recorded from canine heart-lung preparations, using high 
frequency pressure transducers and optical galvanometers. 
Slopes were calculated for the contraction and relaxation 
portions of the ventricular pressure curve. Venous inflow 
was increased in step-wise increments, and data for ventricu- 
lar function curves were obtained from mean aortic blood flow 
determinations and mean atrial and arterial pressures. A 
family of Starling curves was obtained as the heart-lung 
preparation deteriorated. Contraction and relaxation slope 
data when compared with mean atrial pressure gave curves that 
matched ventricular function curves, as determined by 
plotting stroke work against mean atrial pressure. Corre- 
lation of the two curves became closer as the preparation 
deteriorated more. Quantitative studies of ventricular 
pressure curves are of value in assessing ventricular 
function. (Supported by grants from the Kentucky Heart 
Association and Research Finance Committee, Univ. of 
Louisville. ) 








068-100 CARDIOVASCULAR § 






Physiolay 
LEFT VENTRICULAR HEAT LOSS INTO THE CORONARY VASCULAR ip 


OF THE DOG. Robert J. Adolph* and Gianni Pinardi.* Dept, ¢ 
Physiology & Biophysics, Univ. of Washington, Seattle. 


The energy produced by the left ventricle is expended bey 
as useful work and as wasted energy (heat). Matched thermigtg, 
were placed in the coronary sinus and the root of the aorts, 
anesthetized mongrel dogs. The absolute temperatures of th 
blood in these locations and the arteriovenous temperature dif, 
ference were inscribed on a Varian strip chart recorder, Th 
temperature increase in the blgod flowing through the c 
vascular bed ranged around 0.2 C, remaining relatively 
stant in a given dog despite an induced change in the recy 
temperature from 36 to 40 C. Nembutal decreased all measity 
variables. Isoproterenol induced a rise in the arterioveny 
difference in temperature. L-epinephrine produced a rise 
both arterial and coronary sinus temperatures without any si. 
nificant change in the arteriovenous difference. If c 
blood flow is measured, the heat removed from the myocardi, 
by this route can be quantitated and may well be related 4 
ventricular efficiency. (This investigation was conducted whi} 
Dr. Adolph held a Special Research Fellowship from the Nation} 
Heart Institute and was assisted by the Cardiovascular Trainiy 
Program (HTS 5147), National Heart Institute.) 
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CARDIAC MUSCLE EXCITABILITY, REFRACTORY PERIOD AND CONDUCTION 
VELOCITY UNDER ACUTE HEMORRHAGE, IN DOGS, 

Marfa |sabel Rodriquez, School of Medicine, University of € 
Salvador. 

Changes in the excitability, refractory period and condk 
tion velocity of ventricular muscle, as consequences of repe 
titive acute hemorrhages of 10% of the blood volume each, wer 
studied in dogs. Excitability was measured in terms of thre 
hcld variations to 0.5 and 5 msec. rectang!.'’ar pulses. About 
60% of the experiments showed lowered threasnolds, especially 
to short pulses. The functional refractory period (measured 
as the minimum interval between two propagated responses ini- 
tiated in the ventricle) was either shortened or showed no 
changes. One of the most significant findings, however, wes 
the increase of the ventricular conduction velocity. The chat 
ges above were all independent of the cardiac rate variations 
even during marked bradycardia, inaeased excitability, acte 
lerated conduction and shortened refractory period were obséy 
ed. Death of the animal is usually preceded by a marked brad 
cardia, but in our experiments most ended in ventricular fir 
Ilation under stimulation of the heart. Under these circumsta 
ces the ventricular muscle showed a great susceptibility fo 
fibrillating. 


Physiology 

THE LAW OF LAPLACE IN ESTIMATION OF LEFT VENTRICULAR HYPERTR- 
PHY, Esmail Koushanpour* and W. D. Collings. Dept. of Physi 
ology and Pharmacology, Michigan State Univ., East Lansing, 

It is postulated that a sustained change in blood pressure 
results in alteration of physical dimersions of the heart, 
Ventricles are considered to be approximately elliptical with 
a cylindrical body and conical apex. Ventricular surface, thu} 
has two general curvatures: The major (long axis) as part of 
an ellipse, and the minor (short axis) as part of a circle, 
Data were obtained from normal and hypertensive rat hearts 
which were excised and slightly inflated to approximate ven- 
tricular volume in isometric contraction, Lengths of arcs and 
chords of major and minor curvatures and thickness of ventric 
ular wall, at the point of intersection of major and minor 
arcs, were determined, Radii of major and minor curvatures 
were calculated from the ratio arc/chord by spherical approxi 
mation, Major curvature radii were multiplied by a constant 
(obtained from an ellipse with major semi-axis twice as great 
as the minor) to get the radius of major curvature by ellipti 
cal approximation, Using Laplace's equation, P = T (1/R, + 
1/Rp), developed tension was calculated, Assuming that ten- 
sion is proportional to wall thickness, the proportionality 
constant (k) is a measure of contractile behavior of the ven 
tricular wall. Data for tension, (k), and mean radii of curv 
atures showed a 10% left ventricular hypertrophy in hyperten- 
sion, significant at 95% level (t = 1.355). 
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Physiology 
RATES OF RECOVERY OF EXCITABILITY IN VARIOUS PARTS OF THE DOG 
TUM. E. T. Angelakos, J. C. Torres* and M. L. Torcianat 
. of Physiology, Boston Univ. School of Med., Boston, Mass. 
gtrength-interval curves were determined in various parts 
of both ventricles of the exposed dog heart in situ using con- 
yentional techniques. Diastolic thresholds and refractory 
ods (RPs)were determined. In most cases the rate of re- 
covery Of excitability (1/threshold) during the relative re- 
fractory period could be represented as an approximate linear 
regression in time even in the presence of the well known 
irregularities (dips). Several determinations were made at 
random order for a camplete evaluation of the temporal and 
spatial characteristics of the variation. Considerable dif- 
ferences were found in the duration of the RPs and the rate of 
recovery of excitability among different parts of the myo- 
cardium. These were much larger than the variations observed 
st any given site over a period of'l to 2 hours. However in a 
series of 12 dogs no consistent pattern could be established 
intrinsic refractoriness or rate of recovery of 
excitability of the various parts of the myocardium even 
though distinct differences were present in individual dogs. 
Nevertheless in most cases the recovery of the LV base was 
smewhat faster than that of the LV apex. 
(Supported by USPHS grant SF-457 and H-4355) 





Physiology 


QANITTATIVE ASPECTS OF EXCITATION IN THE HYPOTHERMIC DOG 
HART. J.C. Torres*, E. T. Angelakos and A. H. Hegnauer.Dept. 
of Physiology, Boston Univ. School of Med., Boston, Mass. 

It has been suggested by some that the increased suscepti 
bility of the hypothermic heart to fibrillation reflects a 
concomitant increase in excitability. Utilizing rectangular 
and sawtooth (linearly rising) pulses of similar durations, 
diastolic thresholds were measured in the same preparations 
while stabilized at three temperature levels, 37#1°, 3041° and 
%al° C. The unipolar stimuli ranging from .1 to 10 msec. 
(theobase) were delivered via an electrode sutured to the left 
ventricular myocardium. Using the formula previously described 
(am. J. Physiol. 196:1005, 1959) the threshold data could be 
transformed into linear expressions. The slopes of these 
strength-duration lines became progressively steeper at lower 
temperatures, the greater change being observed with the saw- 
tooth stimuli. Estimates of energy (microcoulombs) required to 
excite at each duration demonstrate that the sawtooth repre- 
sents a more efficient form of stimulus than the conventional 
metangular pulses and the disparity increases with cooling. A 
modified form of the equation proposed by Hill, Rashevsky and 
others was derived in order to determine the time constant for 
excitation. This time constant (k) was found to increase with 
—s hy did the chronaxie, providing definite evidence for a 
fepas ocd, CoRAE BE, pect tability in hypothermia. (Supported by 





Physiology 


EFFECT OF CARDIAC ACCELERATOR AND ATRIAL STIMULATION ON MYO- 
CARDIAL POTASSIUM EXCHANGE IN DOGS ANESTHETIZED WITH SODIUM 
PENTOBARBITAL. R. G. Sybers* and Q. R. Murphy. Physiology 
Dept., Univ. of Wisconsin Med. School, Madison, Wis. 
Continuous serial blood samples from the femoral artery 
and the coronary sinus were withdrawn and analyzed for K be- 
fore, during, and after 60 sec. stimulation of the right 
cardiac sympathetic nerve. Ten to 30 sec. following the on- 
set of stimulation, there was a marked acceleration of heart 
tate and a negative arterial-coronary sinus K difference. 
Following this initial loss of K from the heart, the arterial 
coronary sinus K difference became positive while stimulation 
vas continued and heart rate remained elevated. ‘hroughout 
the remainder of the test period, there was a definite posi- 
tive arterial-coronary sinus K difference concurrent with a 
gtadual decrease in heart rate. Although the changes in A-V 
difference were small they were very consistent (average maxi- 
mm negative-1.4 mg. %, average maximum positive-2.5 mg. %). 
When the heart rate was increased by direct atrial stimula- 
tion the same myocardial K exchange was observed; however, 
vith atrial stimulation the heart rate immediately returned 
to the control level following the termination of stimulation, 
Whereas with sympathetic nerve stimulation the heart rate re- 
mined elevated. (Present address of R. G. Sybers, Natl. 
Heart Inst., Natl. Insts. of Health, Bethesda, Md.) 





Physiology 
THE RELATIONSHIP BETWEEN DEVELOPED TENSION, RATE OF TENSION, 
DEVELOPMENT AND THE TIME INTEGRAL OF TENSION OF ISOMETRIC CON- 
TRACTIONS OF CARDIAC MUSCLE. T, Joseph Reeves* ¥ 
Jacob Green" and Robert Corcorany Univ. of Ala, Med. Center, 
Birmingham, Alabama. 

The tension, its time derivative and its time integral of 
segments of cardiac muscle contracting isometrically were re- 
corded in vivo in a series of 10 dogs, A modification of the 
strain gauge arch with appropriate circuitry was employed. 
The length of the muscle segment was increased stepwise from 
zero initial tension to a length approaching an increase of 
100%, under control conditions and when myocardial contrac- 
tility was increased by epinephrine and by calcium and when 
depressed by quinidine gluconate. A linear relationship was 
found to exist between each of the functions of tension and 
the length of the muscle segment. The developed tension,rate 
of tension development and the time integral of tension in- 
creased at any given length when contractility was increased, 
The maximum rate of tension developed per unit maximum ten- 
sion developed was increased slightly by an increase in con- 
tractility, though an excellent overall correlation was main- 
tained, Similarly, the maximum developed tension was increas 
ed by an enhanced contractility and decreased by a depression 
of contractility. Supported by a grant from USPH Service, 
H-3684, 





Physiology 


QUANTITATION OF SUCTION FORCE IN THE EXCISED FROG VENTRICLE. 
John H. Kohler, Jr.* and Gerhard A. Brecher. Physiology 
Department, Smory University, Atian > ceor gia. 

Although it has been demonstrated recently that under cer- 
tain conditions suction can contribute to ventricular diastol- 
ic filling, there has been no satisfactorily accurate quanti-~ 
tation of this force. Such determinations have now been made 
under the dynamic conditions associated with ventricular acti- 
vity. An excised frog ventricle was tied over the end of a 
graduated pipet and immersed in a tank which permitted control 
of ventricular filling pressure. Continuous ventricular volume 
curves were obtained by optically recording the movement of an 
oil droplet in the pipet. The volume curves during ejection 
and filling were remarkably similar to cardiometer curves of 
mammalian ventricles. When filling occurred by suction only, 
ventricular filling was considerably faster in early than in 
late diastole. When filling occurred by a positive filling 
pressure predominantly, there was less difference between the 
rates of inflow in early and late diastole. The suction force 
could be calculated fran the slope of the volume curves. It 
was found that with the decrease of end-diastolic volume, the 
suction force increased exponentially. Far a given end-dias- 
tolic volume, the suction force was directly related to the 
mass of the myocardium. 


Physiology 


MEASUREMENT OF THE SAFETY FACTOR FOR CONDUCTION IN CARDIAC 
MUSCLE. J. Ushiyama* and Chandler McC. Brooks, Department 
of Physiology, Downstate Medical Center, State University of 
New York, Brooklyn, N. Y. 

The safety factor is considered to be the ratio between 
the current acting as a stimulus and the current required to 
stimulate the membrane. Many authors have concluded that 
this safety factor is large in cardiac muscle. Studies to be 
reported here have indicated, however, that its approximate 
value is 2; the propagated action current in dog trabecular 
muscle is only twice the strength required. The three 
methods employed to obtain the evidence on which this con- 
clusion is based will be described. in these the reduction 
in action potential from a normal amplitude (An) to that size 
shown when a depressant (urethane, cocaine) just blocked 
conduction (Ab) was compared with the change in threshold, to 
direct stimulation, from normal (Tn) to that at the time when 
conduction failed (Tb), i.e. An , Tb = safety factor. 

Ab Tn 


— by a grant from the Life Insurance Medical Research 
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Physiology 


CONDUCTION VELOCITY AND MEMBRANE POTENTIAL IN PURKINJE FIBERS. 
R. Th, van Dam* and B. F. Hoffman. State University of N. Y., 
Downstate Medical Center, Brooklyn, N. Y. 

Conduction velocity is known to depend in part on the level 
of membrane potential. In canine Purkinje fibers three fac- 
tors make conduction in partially depolarized tissue a dis- 
tinct possibility: the gradual slope of phase 3 of the action 
potential, the presence of differences in action potential 
duration in different areas and the presence of slow depolar- 
ization during phase 4. Intracellular microelectrodes have 
been used to study the nature, spatial extent and degree of 
slowing of conduction which occurs when isolated Purkinje 
fibers are stimulated with threshold cathodal pulses at vari- 
ous intervals during repolarization, during “diastole” and 
during slow diastolic depolarization. Action potentials elic- 
ited in partially depolarized fibers may propagate for 1 cm. 
or more at reduced velocity; depending on the change in action 
potential duration along the path of spread, the propagation 
may show increment or decrement with respect to amplitude and 
rate of rise of action potential and conduction velocity. 
When stimuli are applied at quite low levels of membrane po- 
tential, in the immediate vicinity of the test electrode the 
action potential upstroke may not appear until after propaga- 
ted activity has reached another electrode 1 cm. from the test 
site. (Supported by grant from New York Heart Association) 


Physiology 


THE OXYGEN UPTAKE OF THE DOG HEART. Kalman Greenspan* and 
Paul F. Cranefield. Dept. of Physiology, State Univ. of New 
York, Downstate Medical Center, Brooklyn, N. Y. 

Early investigations on mammalian hearts have indicated 
that the rate of oxygen uptake of the specialized conducting 
tissue is lower than that of atrial and ventricular muscle. 
No studies have been reported in which intact Purkinje fibers 
and papillary muscles from the same heart were used as a 
basis of comparison. The present investigation was undertaken 
to provide such information, and to determine whether the 
cardiac conducting tissue differs from cardiac muscle in their 
response to ouabain. The Q02 of these tissues were determined 
in a flow respirometer with the use of the oxygen cathode. 

The results obtained to date indicate that quiescent dog 
papillary muscles have a higher rate of oxygen uptake than 
that of quiescent Purkinje fibers. As in our previous studies 
on cat papillary muscle the QO) of the dog papillary muscle is 
inversely related to its diameter and indicative of an oxygen 
diffusion limitation in the thicker muscles. In addition, 

for any given concentration of ouabain thus far tested the 
Purkinje fibers appear to be more sensitive than papillary 
muscles to the action of the drug. (Supported by a grant 

from the American Heart Association) 


Physiology 

ACTIVE STATE ,FORCE VELOCITY RELATIONSHIPS AND INOTROPIC MECHA- 
NISMS IN MAMMALIAN PAPILLARY MUSCLE. E.H.Sonnenblick*, Z,T.Mc- 
Callum®. Lab.Cardiovasc.Physiol., NHI, Bethesda, Md. 

Simultaneous length-tension measurements were studied in dog 
and cat papillary muscle. Support was obtained for the view 
that myocardium can increase the intensity of active state, 
shift its force-velocity curves, and thus change its intrinsic 
rate of contraction according to varying conditions, allowing 
increased force of contraction without systolic prolongation. 
Force-Velocity and maximal work curves shifted to the right 
with increased (f) initial length, #Ca*+ and norepinephrine; 
to the left with#K* or acetylcholine. Using a modified quick 
release method (Ritchie), three phases of active state were de- 
termined: 1) Intensity, by redeveloped dp/dt. 2) Duration of 
Fu msity, by departure of redeveloped dp/dt from initial 
ee 3) Decay, hy decline of redeveloped dp/dt. } initial 
length, #Ca and | K+ increased intensity without essential 
change in duration of active state. frate and norepinephrine 
increased intensity while shortening duration. nF temperature 
(30°—>15°C) prolonged duration and decay with little change in 
intensity. Dichloroisoproterenol blocked norepinephrine, but 
not rate staircase or Cat+ effects. These data demonstrate 
that in myocardium, unlike skeletal muscle, variations in the 
intensity and duration of active state are experimentally 
dissociable. 
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Physiology 
THE INFLUENCE OF LEFT ATRIAL DYNAMICS ON MITRAL VALVE C) 
S.J.Sarnoff, J.H. Mitchell and J.P.Gilmore, Lab. Cardiovascular 
Physiology, NHI, Bethesda, Md. 

Pressures were measured at high resolution in the left atr ing 
left ventricle and aorta in anesthetized, thoracotomized 
with heart block. Substantial support was obtained for the vigy 
that AV valve closure can be brought about solely as the 
of atrial activity. After atrial systole and the beginning of 
atrial diastole, ventriculo-atrial pressure gradients up to 
8 cm.H20 were observed. This pattern of mitral valve closure 
could be eliminated by depressing atrial contractility with 
efferent vagal nerve stimulation. Conversely, when the pattern 
indicative of mitral valve closure was not originally present 
it could be induced by cardiac sympathetic nerve stimulation, 
Varying the carotid sinus pressure (by independent perfusion) 
reflexly elicited the same effects. It was concluded that the 
ventriculo-atrial pressure gradient, which promotes mitral yale 
closure, is produced not only by the ventricular pressure rise 
due to atrial systole but also, and to an important extent, 
the rate of decline of atrial pressure during atrial diastole, 
Since, by augmenting atrial contractility (sympathetic stim- 
lation) the mitral valve could be made to close even when flm 
increased, it appears that valve closure induced by the atrigg 
is more dependent on atrial contractility than on whether the 
flow is high or low as originally supposed. 


Physiology 
THE EFFECT OF BRETYLIUM TOSYLATE ON THE MYOCARDIAL RELEASE AN 
EXTRACTION OF CATECHOL AMINE. J.H.Siegel*, and J.P.Gilmore. 
Lab.Cardiovasc.Physiol. NHI, Bethesda, Md. 

Using a previously described canine preparation in which 
total coronary blood flow was metered (Fed.Proc. 19,108, 1960) 
and a modification of the trihydroxyindole technique, it has 
been possible to quantify the myocardial extraction and release 
of catechol amine before and after the administration of 
Bretylium Tosylate. The results demonstrate (1) Following the 
injection of Bretylium there is, for a brief period, an in- 
crease in the concentration of coronary venous catechol amine 
associated with a positive inotropic and chronotropic response 
and an increase in coronary blood flow. This response is 
similar to that observed when the cardiac sympathetic nerves 
are stimulated. (2) The release of catechol amine by Bretylim, 
like that produced by direct cardiac sympathetic nerve stim- 
lation, does not appear to be prevented by the prior adminis- 
tration of dichloroisoproterenol in amounts sufficient to blok 
the responses to sympathetic stimulation. (3) A significant 
myocardial extraction of catechol amine persists following the 
administration of these drugs, either alone or in combination. 
(4) The influence of Bretylium on the myocardial release of 
catechol amine during sympathetic stimulation will be discussed 


Physiology 


IMPFDANCF OF CARDIAC MUSCLF TISSUE. N. Sperelakis and T. 
Hoshiko. Dept. Physiol.,Western Reserve U., Cleveland, 0. 
Tissue impedance of cardiac muscle was compared with that 
of frog sartorius and of cat intestinal muscle before and 
after interspace ion depletion. Strips of parallel fibers 
were obtained from cat, dog and beef papillary muscle and 
ventricular trabeculae. Impedances to d.c. and to a.c. were 
measured in the direction of fiber orientation. Interspace 
ion concentrations were reduced by soaking in dilute Ringer's 
solution made isotonic with sucrose. The d.c. specific res- 
istance of cardiac muscle in Ringer's was 2X that of skeletal 
muscle. After soaking in 0.1 Ringer's-sucrose solution, the 
resistances of cardiac and smooth mscle increased 7X their 
initial values, whereas skeletal muscle resistance increased 
less than 3 X. The 7X increase in myocardial resistance com 
pared to the 3X increase in skeletal muscle cannot be attrib- 
uted to a larger interspace. Cardiac muscle impedance in 
Ringer's fell slightly as the frequency was increased from 10 
to 10,000 cps. In sucrose solution, cardiac muscle impedance 
increased 10X at 10 cps but fell to about half this value at 
10,000 cps. The impedance of skeletal muscle was relatively 
independent of frequency in both Ringer's and sucrose solu- 
tions. These results suggest the presence of transverse mem- 
branes (intercalated discs) of high resistance and capacitance. 
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Physiology 


, STUDY OF VENTRICULAR FUNCTION IN MAN. Eugene Braunwald, 
charles J. Frahm* and John Ross, Jr.* National Heart 
Institute, Bethesda, Maryland. : 

This investigation was designed to determine whether Star- 
ling's Law of the heart is applicable to man. Effective left 
ventricular end-diastolic pressure (EDP) was measured by means 
of transseptal left heart catheterization and an esophageal 
palloon. Cardiac output was determined by means of an indica- 
tor dilution technic. Measurements of cardiac output, left 
ventricular work, power, and the left ventricular tension time 
index were made before, during and immediately after a trans- 
fusion of 1700 ml. of the subject's own blood. The activity 
of the autonomic nervous system was reduced with an infusion 
of Arfonad which was continued throughout the study. Previous 
studies (J. Clin. Invest. 39:1043, 1960) had shown that in the 

te of ganglionic blockade such a transfusion augments 
the intrathoracic blood volume and that Starling's Law can be 
tested in this manner. In each of the six subjects studied, 
cardiac output, left ventricular stroke work, and the tension 
time index correlated well with EDP. In five of these sub- 
jects left ventricular power correlated closely with EDP. 
These data are consistent with the hypothesis that the EDP is 
sn important determinant of the characteristics of ventricular 
contraction and that Starling's Law of the heart is applicable 
to man. 


Physiology 
RESPONSES OF THE HEART OF THE PELECYPOD TIVELA STULTCRUM TO 
ACETYLCHOLINE. Paul Witkovsky* and Lawrence Goldnan* 

t, of Zoology, U.S,L.A, Los Angeles, California. 

Experiments have been carried out to determine the effects 
of acetylcholine (Ach) on the heart of Tivela stultorum in in 
yivo and isolated heart preparations, Non-Ach treated hearts, 
both isolated and jn vivo, typically beat with all contractions 
of equal amplitude, Recovery from Ach inhibition (arrest in 
diastole) in the isolated heart consists of a smooth graded in- 
crease in beat amplitude. In the jn vivo heart, recovery fron 
Ach inhibition is seen as a.smooth graded increase in beat am- 
plitude for alternate beats only. The other beats are constant 
in amplitude during recovery and most or all of inhibition. In 
vive inhibitory effects of Ach (reduced beat amplitude and fre- 
quency) have been seen without an alternating recovery pattern, 
However this pattern was observed when the Ach concentration 
was increased sufficiently. Severing the posterior gut connec- 
tion to the heart did not abolish the alternating recovery pat- 
tern nor did severing the atrio-ventricular connection, We 
were never able to demonstrate an alternating recovery pattern 
ina heart removed from the pericardial cavity. Immersing the 
isolated heart in body fluids after Ach inhibition did not re- 
store an alternating recovery pattern which suggests that the 
difference between jn vivo and isolated heart recovery patterns 
is not dependent on a humor. (Supported by a U.S,P.H.S, 
Cardiovascular training grant) 


Physiology 


THE METABOLIC CHANGES OCCURRING IN THE CANINE HEART 
DURING RIGOR ASSOCIATED WITH POTASSIUM CITRATE AND 
ANOXIC ARREST. V.L. Gott" U.of W. Med. Sch., Madison, Wis. 
Potassium citrate and anoxic arrest are being used in open 
surgery to provide a dry still operative field. The changes 
inthe important energy compounds of the heart have been de- 
termined in these types of arrest in the canine heart and cor- 
related with the occurrence of rigor. In the canine heart ar- 
tested with K. citrate at 37° C. the heart usually goes into ri- 
gor after about 55 minutes of arrest. At this time the glycogen 
has been depleted about 350 mg. /100 gms. and the lactic acid 
has risen a comparable amount. ADP remains stable at approx- 
imately 1.5 mM/Kg. The ATP level decreases from an initial 
Value of 5 to about 1 mM/kg. It is apparently this depletion of 
ATP to about 20% of normal that initiates the rigor. The rigor is 
complete in about 5 minutes and the levels of these substances 
do not change significantly during this period. In anoxic arrest 
the heart commences into rigor at about 45 minutes with com- 
pletion at 65 minutes. Again the ATP level is approximately 
20% of normal at the initiation of rigor. In both types of arrest 
the phosphocreatine level falls to near zero soon after the aorta 
{8 cross clamped. In anoxic arrest the depletion of phospho- 
Creatine at 5 minutes correlates well with the development of 
asystole. (Supported by USPHS H-5824). 
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Physiology 
LEFT VENTRICULAR HEAT PRODUCTION MEASURED BY CORONARY FLOW 





AND TEMPERATURE GRADIENT. W.A. Neill, H.J. Levine, R.J. 
Wagman, J.V. Messer, N. Krasnow, 5.L. Hensel and R. Gorlin, 
The mean coronary veno-arterial temperature difference 
(aT) measured by intravascular thermistors in 25 dogs was 
0.28°C. sT remained constant within 0.01°C as long as left 
ventricular net heat production (QLV net) and coronary flow 
(CF) were stable. aT varied from 0.09 to 0.55°C when QLV 
net and CF were purposely altered over a broad range. QLV 

net removed by the CF (Q cor), calculated fromaT and CF, 
has been compared with total QLV net calculated from analysis 
of all LV energy input and output. Q cor/QLV net was pro- 
portional to CF and varied from 0% at normal CF to 25% at 
low CF and 70% at high CF. Remaining QLV net is lost into 
the mediastinum and LV cavity. Insulation of LV surface in- 
creased Q cor/QLV net. The relationship between CF and 

Q cor/QLV net has not been constant enough to permit accu- 
rate calculation of LV efficiency fromaT and CF. oT may 
prove useful, however, in studying sudden changes ir LV 
efficiency or CF or transient production of energy out of 
proportion to oxygen consumption in unsteady states. Renal 
AT has been measured in), dogs. Most of the oxidative 
energy of the kidney has been recovered as heat removed by 
the renal blood flow. 


Biochemistry 


EFFECT OF ANOXIC ARREST ON WATER AND ELECTROLYTE CON- 
TENT OF BLOOD AND CARDIAC MUSCLE. Peter V. Moulder*, 
Donald Hager* and Lillian Eichelberger. Department of Surgery, The 
University of Chicago, Chicago 37, Illinois. 

Studies on blood and cardiac muscle were carried out on dogs under 
ether anesthesia which were rendered anoxic by total vena caval occlu- 
sion for periods of 10 minutes. A recovery period of approximately 30 
minutes in air was then allowed. After the recovery period, blood sam- 
ples and the entire heart were taken simultaneously for water and elec- 
trolyte studies. The experimental blood values were compared with the 
blood values obtained immediately following the anesthesia, and the 
experimental heart values were compared with previously obtained nor- 
mal heart values. The significant findings following the recovery period 
after arrest were: In the blood: (a) an increased serum potassium con- 
centration, but no increase in the potassium red cell concentration; In 
the heart muscle: (a) the phase volumes of the heart muscle were not 
changed, indicating no edema or dehydration, (b) potassium and magne~ 
sium concentrations in the heart fibers were within normal limits, indi- 
cating that the architecture of the fibers had not changed, and (c) cal- 
cium concentrations were unchanged. (Supported by P.H.S. Grant A- 
972 Nat'l. Inst. Arthritis and Metabolic Diseases and a Grant-in-Aid 
from American Heart Association .) 


Pharmacology 


THE EFFECT OF THE AUTONOMIC NERVOUS SYSTEM ON CARDIAC PHOS- 
PHORYLASE IN OPEN-CHEST RAT PREPARATIONS, Marilyn E, Hess, 
Joseph Shanfeld* and Niels Haugaard, Schools of Med,, Univ, 
of Pa,, Phila,, Pa, 

In previous experiments it was shown that the sympathetic 
system exerts an important influence on the level of active 
phosphorylase (phosphorylase a) in heart muscle sf intact 
rats, When sympathetic activity is diminished by a variev,y 
of procedures, heart phosphorylase a is markedly decreased, 
The experiments to be reported in this study show the effects 
of parasympathetic stimulation on cardiac phosphorylase in 
open-chest rat preparations, Electrical stimulation of the 
vagus nerve or injection of acetylcholine chloride into the 
external jugular vein resulted in a decrease in phosphorylase 
a of the heart, Administration of physostigmine alone did not 
produce any change in enzyme activity nor did it potentiate 
the decrease seen with injection of acetylcholine, The 
results indicate that both sympathetic and parasympathetic 
systems influence the level of phosphorylase a in the heart, 
(Supported by U,S, Public Health Service Grant H-1813,) 








Pharmacology 


A SPECIES DIFFERENCE IN THE DEPLETION OF MYOCARDIAL CATECHOL- 
AMINES BY A MONOAMINE OXIDASE INHIBITOR, N, D, Goldberg* and 
F. EF. Shideman. Dept. of Pharmacology, Univ. of Wis., School 
of Medicine, Madison, Wis. 

The monoamine oxidase (MAO) inhibitor, iproniazid, has been 
shown to effect an increase in the concentration of myocardial 
catecholamines in the guinea pig and rat. In this study cats 
and rats received 2-phenylcyclopropylamine (SKF 385, tranylcy- 
promine) sulfate intraperitoneally in doses ranging from 2 to 
30 mg/kg. Catecholamine concentrations were determined in the 
ventricular myocardium by the method of Shore and Olin. The 
drug caused a decrease in the concentration of cardiac cate- 
cholamines 3, 6, 12 and 24 hours after its administration, a 
maximum depletion of 807% occurring at 12 hours. 
tion of catecholamines in the rat heart, on the other hand, 
were increased during the first 24 hours after treatment with 
the drug, the maximum effect (53% increase in concentration) 
being observed at 12 hours. Daily administration of SKF 385 
for 3, 4 or 5 days in doses of 5, 10, 20 and 30 mg/kg produced 
effects which were qualitatively similar to those obtained fol- 
lowing administration of a single dose. The results indicate 
that, in addition to its demonstrated MAO inhibitory activity, 
SKF 385 possesses the capacity to deplete the myocardium of 
catecholamines, at least in one species of animal. 


Pharmacology 


VENTRICULAR FUNCTION CURVES IN NONANESTHETIZED DOGS: EFFECT 
OF OPEN PNEUMOTHORAX. _Sbiro Shimosatoy, Tsung-Hen Lj and 
pena Etsten. Tufts University School of Medicine and 
c = New England Center Hospital, Boston, Mass. 

The influence of an open pneumothorax upon right and left 
ventricular function curves was studied in nonanesthetized, 
nonpremedicated dogs. I.V. succinylcholine permitted endo- 
tracheal intubation for the control of respiration to keep 
arterial blood gases within physiologic levels. Catheteri- 
zation of the right heart via femoral vein and retrograde 
catheterization of the left heart via the femoral artery was 
done under local anesthesia. Right and left ventricular 
effective endiastolic pressures were corrected by oe 
pressures. Cardiac output was determined by dye dilution 
technique. Observations were made before opening the pleura, 
and after at intervals of 20 minutes, 2 hours and 3 hours. 
There was no significant change of either the positions or 
slopes of the right and left ventricular function curves 
during 3 hours of open pneumothorax as compared with the 
curves obtained with intact thorax. However, femoral artery 
pressure, total peripheral resistance, pulmonary artery 
pressure and pulmonary vascular resistance were increased. 
During open pneumothorax the cardio-circulatory regulatory 
mechanisms were intact without affecting the ventricular 
function curves. (Supported by USPHS Grant H-1711.) 


Pharmacology 


EFFECTS OF QUABAIN, HYPOTHERMIA AND ANOXIA ON CATION FLUXES 
IN EMBRYONIC CHICK HEART. RicHARD Kiein.* Dept. oF PHARM 
ACOLOGY, UNiv. OF Miss. MEDICAL CENTER, JACKSON, Hiss. 

AN ACTIVE CATION TRANSPORT MECHANISM 1S BELIEVED TO EXIST 
IN EMBRYONIC CHICK MYOCARDIUM BY AT LEAST 2 DAYS INCUBATION. 
CLASSICAL EFFECTS OF OUABAIN ON UNIDIRECTIONAL NA AND K move- 
MENTS AND CONTENTS WERE DEMONSTRATED IN ISOLATED VENTRICLES 
OF THE DEVELOPING EMBRYO AND HATCHED CHICK. IN ADDITION TO 
INHIBITING ACTIVE NA EXTRUSION AND K ENTRY, A MARKED STIMULA~ 
TION OF A PASSIVE Na 1N-K OUT EXCHANGE MECHANISM WAS SHOWN. 
QUABAIN*S ACTIONS ON NA AND K MOVEMENTS ARE BELIEVED TO BE 
PRIMARILY TOXIC MANIFESTATIONS. HYPOTHERMIA INHIBITED INFLUX 
AND EFFLUX OF K EQUALLY BETWEEN 30 AND 2990C, NoT UNTIL TEMP 
ERATURES OF 10 AND 59C WERE REACHED 01D Qi9"s FOR INFLUX BE- 
COME GREATER THAN FOR EFFLUX. EFFECTS OF ANOXIA ON CATION 
MOVEMENTS IN YOUNG EMBRYOS WERE SMALL, BUT INCREASED GREATLY 
AT OLDER AGES. ACTIVE TRANSPORT OF NA AND K #5 SENSITIVE TO 
OUABAIN AND RELATIVELY INSENSITIVE TO HYPOTHERMIA AT ALL AGES 
TESTED. IT 1S RELATIVELY INSENSITIVE TO ANOXIA AT EARLY AGES. 
ALTERATIONS IN UNIDIRECTIONAL CATION MOVEMENTS DETERMINED 1SO- 
TOPICALLY WERE FOUND TO CORRELATE, WITHOUT EXCEPTION, WITH 
NET CHANGES IN VENTRICULAR CATION CONTENT DETERMINED BY FLAME 
SPECTROPHOTOMETRY. 
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Pharmacology 
Na24 ENTRY IN ISOLATED RABBIT ATRIA, P.P. Ceryonit 
and W. C. Holland. Dept. of Pharmacology, Univ. of 
Mississippi Med. School, Jackson, Miss. 

Na24 entry into whole and left atria stimulated at va 
frequencies under a variety of conditions was studied, The 
rate of entry of Na over a 30 minute period was expressed 
as cpm/gm x 107” adjusted to a constant specific activity in 
the medium. Resting entry was estimated to be 3.2 and at 
frequencies of 180, 420, 600 and 1, 200 cycles/min, the val. 
ues were 6.2, 8.0, 5.6 and 6.5 respectively. The gross 
maximum following frequencies ranged between 380 and 409 
per min. Increasing the K concentration from 1. 38 to 8,] 
mM had no effect on resting entry, but reduced it (50-80%) 
at all frequencies. Acetylcholine (1074) increased resting 
entry rate to 5.4, and at the above frequencies the values 
obtained with acetylcholine were: 5.7, 8.3, 9.1 and 10. 8, 
respectively. The latter preparations fibrillated at frequen. 
cies above 600 cycles/min. These findings will be discussed 
in light of the known effects of the above conditions of K 
transport, conduction velocity and incidence of fibrillation, 


Pharmacology 
EFFECT OF ANOXIA AND AMINE OXIDASE INHIBITORS ON MYOCARDIAL 
NECROSIS INDUCED BY ISOPROTERENOL. Gerhard Zbinden. Biol. 
Research Dept., Hoffmann-la Roche Ince, 9 Nede 

Multiple myocardial necroses were induced in rats by two 

Sec. injections of 2 to 80 mg/kg isoproterenol (I) on two con 
secutive days (Rona et al. Arch.Path. 67, 43,1959). Extent 
and severity of these necroses as judged by histological 
evaluation of the hearts are increased in rate kept in a lo 
oxygen atmosphere for periods of 75 minutes immediately ani 3 
hrs. after the I injections. Groups of rats were pretreated 
with daily i.p. injections of 30 to 50 mg/kg of the amine ari- 
dase inhibitor 1-benzyl-2-(5-methyl-3-isoxazolylcarbonyl)- 
hydrazine (Marplan,II) for one week. 2 hrs.later two s.c.in- 
jections of 30 or 50 mg/kg I were given. Severity and extent 
of the myocardial necroses were significantly reduced in the 
pretreated animals, whether ataxia was induced after the I in 
jections or not. Feeding of II and another amine oxidase in- 
hibitor, 1-benzyl-2-(trimethylacety1 )hydrazine (Tersavid, III), 
at a level of 0.1% or more for 9 days also partly inhibited 
the I-induced myocardial necroses. Pretreatment with 10 ani 
25 mg/kg of the non-hydrazine amine oxidase inhibitor trans 
2-phenylcyclopropylamine HCl had no protective effect. This 
compound, in contrast to II and III, does not inhibit diamine 
oxidase. It is speculated that the described effect of II ani 
IIt > due to a change of oxygen utilization in the heart 
muscle. 


Pathology 


DEOXYRIBONUCLEIC AND RIBONUCLEIC ACIDS IN HEART "HYPERTROPHY". 
Tom D. Norman and W. Jerry Carter*. Dept. of Pathology, Univ. 
of Ark. Med. Ctr., Little Rock, Ark. 

This investigation was to determine if abnormal increase of 
heart weight in rats is due to hypertrophy or hyperplasia or 
both. To produce anemia rats were fed milk with added vitamins 
and sugar. Groups of 8 animals received either Cu and Fe, Cu, 
Fe, or neither. After 6 to 12 weeks all were killed and heart 
weight and water were determined. Deoxyribonucleic acid (DNA) 
and ribonucleic acid (RNA) of portions of left ventricle and 
septum were assayed by Schneider's method. Heart weight was 
increased significantly in rats which received no Cu or Fe an 
water content was similar in all groups. RNA concentration ws 
significantly increased in all groups as compared to rats re- 
ceiving both Cu and Fe. RNA per heart was elevated significant- 
ly in animals given neither Fe nor Cu and those given only Cu 

though DNA concentration was significantly increased in non, 
DNA per heart was elevated significantly in ones receiving 
supplement and Cu alone. Elevation of RNA/DNA indicated that 
hypertrophy was predominant, but as duplication of DNA is 
necessary for and ordinarily is followed by cell division, it 
seems reasonable that hyperplasia did occur. Arguments against 
this are that the increase in DNA could be due to ploidy or # 
blood vessel proliferation. Results of studies on thyroid- 
induced hypertrophy were similar to hose of the anemia experi- 
ments. (Supported by Grant H4116 (Cl) Nat'l. Inst. of Health.) 
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Disorders Physiology 


RESUSCITATION AFTER FRESH WATER DROWNING. 
Joseph S. Redding*, Richard A. Cozine* and Peter Safar. 

In 20 lightly anesthetized dogs laryngospasm was simula- 
ted by clamping the tracheal tube until respiratory arrest. 
Then the lungs were flooded with fresh water for 30 seconds. 
(l) 10 dogs were treated with intermittent positive pressure 
artificial respiration (IPPB) utilizing Og; 6 of the 10 dogs 
developed ventricular fibrillation; in 5 of the 6 dogs sponta- 
neous circulation was restored by closed chest cardiac mas- 
sage for 20 min, , followed by i.v. hypertonic saline, i.v. 
adrenaline and a 480 volt external defibrillating shock. (2) 

5 other dogs which developed ventricular fibrillation were 
treated as in (1), but without i.v. hypertonic saline; 4 of the 

§ dogs were successfully resuscitated. (3) 5 other dogs 

which developed ventricular fibrillation were treated as in 

(1) but with IPPB/air; 1 of the 5 dogs was successfully resus- 
citated. All dogs surviving initially died in less than 24 haurs 
after IPPB/O2 was discontinued, with circulatory failure, 
hemolysis and electrolyte imbalance. (Supported by U.S, 
Army Contract No. DA-49-007-MD-858, and in part by NIH 
Grant H-5439). 





Physiology 


SYSTOLIC BULGING OF ISCHEMIC MYOCARDIUM. R. Mejia*, A. L. 
Waldo* and F. Kavaler* (intr. by J. 0. Pinkston) Dept. of 
Physiology, State Univ. of New York, Downstate Med. Center, 
Brooklyn, N. Y. 

The observation that a portion of the dog's myocardium 
balloons outward during systole within one minute after the 
induction of local ischemia would appear to be readily ex- 
plainable as a local interference with the energetics of con- 
traction. Other factors may also play a role, and the 
sequence of contractile changes with ischemia suggested the 
possibility that progressive shortening of the action poten- 
tial duration in the ischemic area, for example, may be 
important. The Anterior Descending Branch was transiently 
occluded in the in situ dog heart. Local shortening of 
muscle was recorded by means of a bonded wire gage, mounted 
ona thin, compliant metal strip. Action potentials were 
recorded with a suction electrode. A report that muscle 
shortening reappears in the bulging ischemic area during a 
postextrasystolic beat was confirmed. Initial studies of the 
action potential duration showed some inconstant shortening, 
but not gh to t conclusively for the observed con- 
tractile changes. (Supported by grants from the Life 
Insurance Medical Research Fund and from the National 
Institutes of Health) 





Physiology 


PULSUS ALTERNANS: ALTERNATING END DIASTOLIC FIBER LENGTH AS A 
CAUSATIVE FACTOR. E.H,Sonnenblick*, and S.J, 
Sarnoff. Lab.Cardiovasc.Physiol., NHI, Bethesda, Md. 
Observations on pulsus alternans studied in the isolated, 
supported dog heart, the in situ, innervated dog heart and dog 
and cat papillary muscle provided data which are not consonant 
with the postulated primary alternating impairment of contrac- 
tility from beat to beat, an alternating deletion of fraction- 
ate contractions or an alternation of the excitation mechanism. 
The data do indicate that, when alternans occurs, the 
weaker beat (WB) cam be accounted for on the basis of a shorter 
initial fiber length from which the WB initiates. The shorter 
fiber length prior to the WB is due to an inadequate period 
for diastole; this does not allow time for complete relaxation 
and/or a comparable period for filling. This limited diastole 
is due to the large percentage of the total cycle time (larger 
Stroke volume) required for systole in the previous, stronger 
beat (SB). The WB has @ shorter systolic period due to its 
‘aller stroke volume. This allows a longer period for relaxa- 
tion and filling and thus a longer initial fiber length to be 
aquired prior to the SB. Thus occurs when 
wocardial contractility is continuously depressed relative to 
any given heart rate and stroke volume, When, under these cir- 
Cumtances, contractility is increased (shortening of systole), 
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Physiology 
CORRELATION BETWEEN ELECTRICAL AND MECHANICAL ACTIVITY OF THE 


HEART DURING HYPER- AND HYPOCALCEMIA. sors Surawicz*. Div. 
Exp. Med., University of Vermont, Burlington, Vt. 
Electrocardiograms, left ventricular and central aortic 
pressures were registered in 8 dogs with serum Ca concentra- 
tions ranging from 2.2 to 15.0 mEq/l. Hypocalcemia was induced 
by infusion of 10% NagEDTA; hypercalcemia by 10% CaClo. During 
moderate hypocalcemia, heart rate, ventricular systolic and 
end-diastolic pressures remained unchanged but the slopes of 
isometric contraction (I.C.) and relaxation became less steep. 
During advanced hypocalcemia, further slowing of I.C. and re- 
Jaxation occurred but the ventricular end-diastolic pressure 
increased, systolic pressure decreased. Lengthening of Q-T in- 
terval and contraction progressed simultaneously due to a par- 
allel lengthening of the S-T segment and I.C. However, during 
post-extrasystolic or stronger alternating beats, Q-T remained 
unchanged or became longer while I.C. shortened. During hyper- 
calcemia shortening of the S-T segment and the I.C. progressed 
simultaneously; during the post-extrasystolic beats, I.C. 
shortened further while Q-T was longer or unchanged. It was 
concluded that during normal heart action, changes in the dur- 
ation of repolarization caused by hypo- and hypercalcemia were 
accompanied by parallel changes in the duration of contraction, 
but during rapid changes of stroke volume, a marked dissocia- 
ee =) processes took place. ( Supported by a 
ant from 


Physiology 
METHACHOLINE AND HYPOXIA IN ATRIAL FIBRILLATION. F. I. Harjadi 
Dhanutirto,* R, Harjadi Dhanutirto* and A. Sidney ris. 
Dept. of Physiology, La. State Univ. School of Med., New 
Orleans, La. 

Quick intravenous injection of an adequate dose of methacho- 
line in the dog produces temporary cardiac arrest with suscep~ 
tibility to atrial fibrillation (Smith). The effect is 
enhanced by anoxia. The present experiments were designed to 
provide a quantitative method of producing sustained atrial 
fibrillation in dogs by measured constant infusion of methacho- 
line delivered into the superior vena cava a few millimeters 
from the atrium. Fibrillation was successfully produced in 10 
of 16 dogs by light mechanical stroking of the atria during in- 
fusion. The fibrillations continued during the infusion test 
periods of 3 or 5 minutes and about 10 to 60 seconds afterward. 
Repeat trials after half hour intervals revealed elevation of 
threshold in some experiments. In others the repeat dose could 
be reduced below the quantity usually required. Hypoxia pro- 
duced by breathing air containing less than 10 percent oxygen 
increased the effectiveness of methacholine, causing fibrilla- 
tion to occur in 5 dogs that had not fibrillated when subjected 
to methacholine alone, and reduced the required dose of metha- 
choline in 4 others. (Aided by grant No. H-1109, U.S.P.H.S.) 
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24-HOUR CARDIAC ACTIVITY OF UNRESTRAINED CATS, 
Warren O, Essler,* G. Edgar Folk, Jr., and Gale E. 








Adamson, * Dept. of Physiology, Univ. of lowa, lowa City. 
Heart rates and EKG patterns, and body temperatures 

from unrestrained animals were recorded outside the 

animai enclosure by means of short range, implantable, and 

long life telemetry transmitters, Prolonged recording of 

heart rates of ten isolated male adult cats showed in com- 

bined data a low between 5 AM and 8 AM (118 beats/min) 

with a 13% rise to a spontaneous activity level extending from 

7 PM to 1 AM (133 beats/min), The average of lowest beats 

from each animal was 93 beats/min (N=10), In smalkr series 

(N=4), the low cardiovascular setting (8 HM) was raised 6% 

by a startling noise but the high cardiovascular setting 

(8 PM) was raised 13%. The total 24-hour heart beat 

(197, 280) when recorded in the animal colony (N=1), was 

elevated by 2% when the animal was isolated, (Supported by 

Iowa College of Medicine Trust Fund, ) 








Physiology 


EFFECT OF HIGH POTASSIUM CONCENTRATIONS ON ELECTROCARDIOGRAMS 
AND ATRIAL AND VENTRICULAR INTRACELLULAR ACTION POTENTIALS OF 
ISOLATED, PERFUSED RABBIT HEARTS. 5. Lepeschkin, B. Surawicz* 
and J. Ch. Shiue*, Univ. of Vermont Cottese of Medicine, 
Burlington, Vt. 

Increasing the potassium concentration of Krebs-Henseleit 
solution 2--3 times causes peaking of the T wave, progressive 
widening of the QRS complex and finally partial ventricular 
asystole., At this time the ventricular intracellular action 
potential shows a steeper terminal descent (phase 3) while the 
amplitude of the resting and action potentials shows only a 
slight decrease. The P wave shows progressive widening and 
marked decrease in amplitude. At this time the intracellular 
potential from the auricular appendages shows a progressive and 
marked decrease of resting and action potentials and finally 
cessation of all action potentials; this effect is more pro- 
nounced in the left than in the right appendage, while in the 
body of the atrium action potentials show diminished amplitude 
but do not disappear. The conclusion is made that high exter- 
nal potassium affects the atrial muscle and intraventricular 
specific conduction system more than ventricular muscle, 
wo by grant H-11,86 from the National Heart Institute, 


Physiology 


TOXIC EFFECTS OF OUABAIN ON PURKINJE FIBERS AND VENTRICULAR 
MUSCLE. M. Vassalle*, J. Karis* and B. F. Hoffman. State U. 
of N. Y. Downstate Medical Center, Brooklyn 3, N. Y. 

Toxic effects of ouabain on the specialized conducting 
system and ventricular muscle of canine heart have been stud- 
ied by recording transmembrane action potentials from single 
fibers. False tendons and either trabeculae carneae or small 
papillary muscles were perfused with Tyrode solution and rec- 
ords obtained before and after adding ouabain in a final con- 
centration of 1:8,000,000 and 1:16,000,000. Control tissues 
were perfused with Tyrode solution in a duplicate bath. All 
tissues were driven at 60/min. Signs of toxicity developed 
much earlier in specialized conducting fibers and consisted 
of a reduction in amplitude and duration of the action poten- 
tial and increased diastolic depolarization. In most Purkinje 
fiber preparations extrasystoles and rapid spontaneous rhythm 
developed and resting potential decreased. Ventricular muscle 
fibers showed a decrease in the plateau and in the magnitude 
of resting and action potentials which occurred much later 
than did the changes in Purkinje tissue. Spontaneous depolar- 
ization was not observed. In another series of experiments 
the effect of contraction on development of ouabain toxicity 
was studied. Signs of toxicity appeared earlier in muscles 
driven et constant rate than in duplicate quiescent muscles. 
(Supported by a grant from the American Heart Association) 
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INFLUENCE OF SEASON AND TEMPERATURE ON CARDIAC OUTPUT IN 
CHICKENS, James A. Vogel* and Paul D. Sturkie. Rutgers U., 
New Brunswick, N. J. 

Cardiac. output was determined by dye dilution in adult 
chickens adapted to summer (Aug.) and winter {Feb.) tempera- 
tures and under controlled temperatures of 70 and 95°F. 
Cardiac outputs were significantly lower in both males and fe- 
males in Aug. (359 and 234 ml/m per bird respectively) than 
in Feb. (444 and 345). Since blood pressures were not éigni- 
ficantly depressed by the hot weather, the drop in cardiac 
output was accompanied by a significant increase in peripher- 
al resistance. Females, whose cardiac outputs were determin- 
ed in winter, were placed in a heated room at 85°F and rela- 
tive humidity of 60 percent for 2 weeks. The temperature was 
then raised to 95°F and 2 1/2 weeks later cardiac outputs 
were determined. While these birds had not become completely 
acclimatized, they were not hyperthermic. The mean cardiac 
output (262 ml/m) was decreased 45 percent by the high tem- 
perature but there was an increase in peripheral resistance. 
These birds were placed in a room at 70° for 2 weeks, after 
which time cardiac outputs were determined. Mean cardiac 
output (402 ml/m) increased considerably over that recorded 
at 95°F, approaching, but still below the level observed 
under winter temperature. (Supported by a grant, H-4279, 
from PHS) 
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Physiology 


CARDIOVASCUIAR RESPONSE TO ACUTE HEAT STRESS. le 
and 


Mayo Foundation and Mayo Clinic, Rochester, Minnesota, 
Indirect body heating (Gibbon and Landis, J. Clin. Invest, 
1932:11, 1019) releases sympathetic vasoconstrictor tone ani 
greatly increases skin blood flow. Cardiac output also rigg 

in hot humid surroundings (Burch and Hyman, Am. Heart J, 
1957:53, 665). In this study cardiac output, digital heat 
flow and forearm blood flow were measured simultaneously ip 
healthy physicians. Initially, with subjects cool, cardigg 
index was 3.00 1., heart rage 66, stroke volume 85 ml. and 
digital heat flow 30 BTU/M.“/hr. (mean values). Indirect 
heating was then performed for 45 minutes. Heat flow Tapidly 
increased to a plateau when sweating was first noted, 15 
minutes after heating started. In contrast, gradual and 
parallel increases in output and forearm flow occurred 
throughout the 45-minute period. At the end, when subjects 
were sweating profusely with oral temperatures of 99.5° F, or 
more, cardiac index was 4.70 1., heart rate 94, stroke volume 
95 ml. and heat flow 240 Bru/M.2/ hr. Thus, increased skia 
blood flow during heat stress is sufficient to increase 
cardiac output by more than 50%, and increase in output is 
achieved mainly by tachycardia. 


Physiology 


BALANCE BETWEEN RIGHT AND LEFT VENTRICULAR OUTPUT IN HEALTHY 
UNANESTHETIZED DOGS, D. L. Franklin,* R, L, Van Citters* and R, 
F, Rushmer, Dept, of Physiology, Univ. of Washington, Seattle, 
In spite of gross functional and structural differences, the 
outputs of the right and left ventricles must balance precisely 
over any prolonged period, However, transient inequalities have 
been postulated to occur in transitional states. To record con 
tinuously the outputs of both ventricles, stroke by stroke, 
pulsed ultrasonic flowmeters were chronically installed on tie 
main pulmonary artery and ascending aorta. Left ventriculer 
ejection attained a peak velocity early in systole. Right ven- 
tricular ejection normally began earlier, reached a peak later 
in systole, and persisted longer. During normal quiet respira- 
tion the cyclic changes in right and left ventricular output 
seemed to be exactly in phase, When the lungs were partially 
collapsed by hydrothorax or pneumothorax the cyclic fluctus- 
tions in stroke output from the two ventricles were accentuated 
and definitely out of phase, After a sudden intravenous injec- 
tion of saline (50 cc) right ventricular stroke output rose ap- 
proximately three cycles before any left ventricular response 
was observed, During spontaneous cardiovascular adjustments the 
stroke volumes of the two ventricles usually varied together in 
the same direction. In other words, right ventricular output 
did not necessarily increase before left ventricular output, 
[Supported by a grant (H4531) from National Heart Institute, ] 


Physiology 
ATRIAL CONTRIBUTION TO STROKE VOLUME IN DOGS WITH CHRONIC 


A-V BLOCK. Joseph Snyder,” Franz Bender,” Ralph S. Zitnik,” 
Arthur H. Kitchin,” David E. Donald and Earl He Wood. Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota. 

Nine experiments were performed on 7 anesthetized closed- 
chest dogs with chronic A-V block. Electrode catheters were 
placed in the right atrium (RA) and right ventricle (RV). 
The P wave triggered a stimulus to the RV via an electronic 
bypass to maintain the RV rate at sinus rhythm. The effects 
of v@rying the delay (PR interval) between RA and RV con- 
tractions on cardiac output and aortic, RA and RV pressures 
were studied. Beat-to-beat analysis of aortic-pressure 
puises recorded during the period of change from a normal 
A-V delay (0.10 second) to 0.004 second indicated an imme- 
diate decrease in stroke volume of 5 to 15%; the reverse 
effect was noted on changing back to 0.10 second. The mean 
RA pressure increased, while the RV systolic and end dias- 
tolic pressures decreased when the PR interval was changed 
from 0.1 to 0.004 second and vice versa. Stroke volume 
declined when PR intervals were increased beyond 0.1. 
Cardiac output determinations by dye dilution 2 and 4 
minutes after changes in PR interval remained altered in 
some cases. The magnitude of these effects varied with 
hemorrhage or infusion of dextran. 
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Physiology 
CARDIAC OUTPUT, CIRCULATORY PRESSURES AND ARTERIAL OXYGEN 


SATURATION DURING FORWARD ACCELERATION. Hiram W. Marshall,” 
* and Mayo Clinic and 


yyo Foundation, Rochester, Minnesota. 
Six men were exposed to varying periods of forward 

(transverse) acceleration of up to 10 minutes’ duration 
on a centrifuge at plateau levels of 2, 3%, and 5 g while 

d in the supine position,with hips and knees flexed 
at right angles, by a nylon net stretched tightly over a 
contoured metal frame. The back was elevated 12° in the 
direction of acceleration. Cardiac output (dye method), 
right atrial and aortic pressures, respirations, E.C.G., ear 
opacity, ear opacity pulse and arterial oxygen saturations 
yere recorded in the control situation (1 g) and during 
exposure to acceleration. During forward acceleration of 
up to 5 g, cardiac output showed either no systematic change 
or a slight increase; right atrial pressure increased from 8 
(1 g average) to 22 mm. Hg at onset of 5 g; intraesophageal 

ssure measured in 3 subjects increased similarly; and mean 

aortic pressure averaged 31% above control values. Arterial 
oxygen saturation below 85% encountered in some subjects 
during exposure to 5 g, but prevented by breathing 99.6% 
oxygen, suggests a change in ventilation perfusion relation- 
ships in the lung during forward acceleration. 


Physiology 


{We INFLUENCE OF HYPERVENTILATION ON CARDIAC OUTPUT. 
W.MeGregor, R.E. Donevan™, 0. Papp”, Naomi Anderson™, and 

aret R. Becklake*. Cardiorespiratory Service, Royal 
Victoria Hospital and McGill University. 

It has previously been shown that hyperventilation, 
viether voluntary or induced by C02 breathing, causes an in- 
crease in the resting cardiac output (Grollman, Amer.J.Physiol. 
1930, 34, 287). A similar observation has been made on 
subjects exercising steadily in this laboratory. In both 
instances Qc was measured by an indirect Fick technique 
(using Acetylene or N20), a technique whose accuracy is known 
to be stressed by hyperventilation. Accordingly the effect 
of voluntary hyperventilation has been restudied using a 
technique which is quite independent of ventilatory manoeuvres, 
namely dye dilution curves recorded by an ear oximeter. In 
four normal subjects exercising at moderate rates on a bi- 
cycle ergometer the effect of hyperventilation in increasing 
Qc was confirmed, the recorded increase varying widely. 
Studies to elucidate the mechanism of this increase showed 
that it was not the result of d reduction in the mean intra- 
thoracic pressure. 
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FAILURE: OF BLOOD TRANSFUSION TO INDUCE SIGNIFICANT ALTERATION 
IN CIRCULATORY DYNAMICS, H. Page Mauck, Jr., Jack Freund, and 
Reno R. Porter. Med. Coll. of Va., Richmond, Virginia. 
Previous investigations have shown that cardiac output de- 
clines in dogs after chloralorase-urethane anesthesia. Similar 
findings have been reported after pentobarbital. In the pre- 
sent studies the circulatory effects of blood transfusion were 
studied in 8 mongrel dogs and the findings compared with those 
obtained at comparable periods following anesthesia (chloral- 
ose 75 mg/kg. and urethane 750 mg/kg. body weight). Intravas- 
cular pressures were measured with strain gauges and cardiac 
output by the indicator-dilution technique using T-1824. Con- 
trol data were obtained 1.5 hours following induction of anes- 
thesia. Whole blood was infused into the right atrium at 45 
w/min. to a total of 30 ml/kilo. Ten minutes later, studies 
Were repeated. Between the control and post-transfusion peri- 
ods mean cardiac output fell from 3.6 1/min. to 2.9 1/min. 

This change was not significantly different from a similar de- 
crease in control animals. Intravascular pressures changed 
mly slightly. The results, when compared with previous ob- 
servations on the effects of anesthesia alone, indicate that 
transfusion of whole blood did not significantly alter circu- 
latory dynamics and thus failed to arrest the usual decline in 
cardiac output following intravenous anesthesia. 
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Physiology 


CARDIAC RESPONSE TO SUDDEN INCREASE IN OUTFLOW RE- 
SISTANCE. Elias S. Imperial*, Harrison A. Zieske, 
Jx.*, Matthew N. Levy. St. Vincent Charity Hosp. 
Cleveland, Ohio. 

To determine whether the “after-load" per se af- 
fects myocardial contractility, a sudden increase in 
the left ventricular outflow resistance was effected 
during a diastole in the heart-lung preparation. 
There was a consistent. increase in the aortic sys- 
tolic pressure in the beat immediately following the 
onset of increased resistance. With initially low 
left atrial pressures, there was a progressive rise 
of the aortic pressure in each successive beat, as 
well as progressive increases in stroke work. With 
initially high left atrial pressures, the rise in 
aortic pressure observed in the beat immediately 
after the onset of increased resistance approxima- 
ted the maximal response. Stroke volume and stroke 
work under this latter condition decreased signifi- 
cantlly compared to control levels with no further 
increments in successive beats. 


Physiology 
EFFECTS OF PHOSPHORYLATIVE UNCOUPLING IN TISSUES ON CARDIAC 
OUTPUT OF INTACT ANIMALS. William E. Huckabee, Boston Univ. 
School of Med., and Mass. Mem. Hosp., Boston, Mass. 

When rate of 02 consumption of the body (Yoo) increases, 
as in muscular exercise, a rise in cardiac output (Qa) normally 
occurs which is slightly later and somewhat less than the 
change in Vo2. This circulatory stimulation might be a res- 
ponse to hypoxia, like that seen in hypoxemia. However, the 
rise in Vo2 during cellular work is attributed to the libera- 
tion of ADP and P04 when ATP breaks down, and this chemical 
change might also act to regulate the circulation. Dinitro- 
phenol (DNP) was administered to dogs under chloralose anes- 
thesia because of its effect on oxidative phosphorylation in 
tissues, increasing net ATP breakdown. Each increment in dose 
of DNP raised Vo2, after 20 minutes, to a new steady-state le- 
vel. The extra 02 was supplied by increased extraction from 
the blood and widening of (a-¥)02, with no rise in ga until Vo 
had more than doubled. Thereafter Qa also increased, but (a-v¥) 
02 reached very high values (120 ml/L). Even at 5-fold in- 
creases of Vo, only relatively small increases in blood flow 
(70-100%) could be produced. Atrial and arterial pressures 
were constant. Responsiveness of Ga was unimpaired when tested 
with saline infusion, epinephrine and cyanide. Thus Qa is pro- 
bably not specifically and directly influenced by the breakdown 
of ATP but only secondarily by unknown biochemical mechanisms. 


Physiology 


Effect of Increased Pulse Hate on Circulatory Dynamics in 
Normal Resting Men. Howard F. Warner* and David H. Lewis. 
Div. Cardiol., Phile. Gener. Hosp., Phile., Pa. 

In a series of normal patients, the effect of artificially 
increased heart rate on circulatory dynamics was studied. fn 
insulated needle electrode was passed through a cardiac cath- 
eter and the bared tip was inserted in the artial wall as near 
to the sinus node as possible. Following control values and 
recording of the monophasic action potential to check electrode 
position, the heart was driven by unipolar square-wave stimli 
at rates from 1 to 80 beats per min. above the resting level. 
Pressures were measured in both the pulmonary (PA) and brach- 
jal (BA) arteries, and cardiac output (CO) was measured by the 
direct Fick method. Stroke volume (SV), pulse pressure (PP), 
and work (W) were calculated. With increasing rates, PA was 
unchanged. BA was unchanged or fell. CO wes maintained, but 
tended to fall at high rates. SV.decreased progressively. , 
PAPP wes unchanged or fell slightly. BAPP decreased. W per 
beat and per min. fell. Correlation of both PAPP and BAPP 
with SV was poor to fair ( r 0.16 to 0.70), but did show decl- 
ining PP as SV declined. As rate increased, stimulus to CHS 
interval increased, and at the highest rates occasional pulsus 
alternans, dropped beats, and aberrant conduction were noted. 
This procedure is safe, and promises to yield valuable data in 
the evaluation of cardiovascular dynamics in man. 





Physiology 


HYPO-HYPERCAPNIA AND CARDIAC OUTPUT. W.K. Li*¥, F.F. Kao, 
G.McCoy* and M.H. Harmel*. Depts. of Anesthesiology and 
Physiology,State University of New York, Downstate Medical 
Center, Brooklyn, N.Y. 

Hypocapnia and hypercapnia were produced in dogs under 
controlled positive pressure breathing by means of a respirator 
which was operated at variable rates but constant pressures to 
maintain a constant central venous pressure. Hypo-normo- or 
hyperventilatory state (1.2 to 10.5 1/min) was produced and 
maintained for 60 min. During this period cardiac output (dye 
dilution) was determined at 20 min. intervals together with 
arterial Pco, and H+ which varied from 10 to 80 mmHg and from 
19 to 83 muM/1 respectively. Paired comparison between values 
of cardiac output during spontaneous respiration and controlled 
respiration (approximating normal rates) showed no significant 
change (t = 0.691; P>0.50). A regression line expressing the 
relationship between cardiac output and arterial Pco, showed a 
slope not significantly different from 0. Arterial Pco, and Ht 
had a significant positive correlation (r = 0.975), which sig- 
nifies a respiratory pathway of acid base disturbance. The 
present data corroborate those of earlier workers in human 
experiments. (Supported by a grant from NIH B-1907). 





Physiology 
CARDIOVASCULAR RESPONSE TO CAROTID BODY STIMULATION. woke 
— *, and J,H,Mitchell. Lab.Cardiovasc. 
ysiol., ° esda, Md. 
Investigations of the reflex effects upon the heart and sys 
temic circulation of stimulation of the carotid bodies with 
hypoxic and hypercapnic blood were made in the open-chest dog. 
The carotid sinus-body area was independently perfused using a 
double disc oxygenator system which permitted rapid change from 
blood of one gas composition and pH to that of a different com 
position and pH without changing perfusion pressure. Continuous 
measurements of the p0o(polarographic) and pH of the perfusing 
blood were made. Caudal and cephalic blood flow were separately 
measured utilizing a Potter electroturbinometer and a Shipley- 
Wilson rotometer respectively. Left ventricular end diastolic 
pressure, aortic pressure and heart rate were simultaneously 
recorded. Bradycardia was the primary heart rate response to 
carotid body stimulation confirming Daly and Scott (J.Physiol. 
144:148,1958). Preliminary data suggests that the negative 
chronotropic effect is due principally to parasympathetic acti- 
vation but that sympathetic withdrawal may also be present. 
This data permitted construction of ventricular function curves 
relating left ventricular end diastolic pressure and stroke 
effects of tnereased p phere l vascular’ rbefstaice ‘end’ changes 
fn ventricular contrattility have also been studied and the 
roles of neural and humoral factors in these responses will 
be discussed. 


Physiology 


THE CATECHOLAMINE CONCENTRATION OF CHRONICALLY 
DENERVATED DOG HEART AND EVIDENCE OF CAROTIDO=SYM- 
PATHO-ATRIAL AND ORBITO=-SYMPATHO-ATRIAL REFLEXES, 
Basdeo Balkissoon* and Edward W. Hawthorne. Howard Univ. 
School of Med., Washington, D. C. 

The catecholamine concentration in the hearts of normal dogs 
and dogs with denervated hearts (4 to 10 days after denerva- 
tion) were studied. The average value in the normal and de- 
nervated hearts were respectively 0.85 and 0.25 gamma per 
gram of left ventricular myocardium. As a further test of car- 
diac vagotomy and sympathectomy, we applied bilateral caro- 
tid sinus pressure and pressure on the eyeballs in dogs with 
ventricular and aortic circumference gages. In normal dogs 
these maneuvers caused cardiac standstill. In dogs with 
chronically denervated hearts, compression on the carotid si- 
nus or the eyeballs produced a pronounced decrease in the am- 
plitude of auricular contraction and stroke volume which re- 
sumed control levels upon release of compression. The find- 
ings demonstrated complete severance of the cardiac vagal 
fibers but incomplete removal of the cardiac sympathetic fi- 
bers, for the dogs with denervated hearts still exhibited caro- 
tido—sympatho-atrial and orbito-sympatho-atrial reflexes. 











EFFECT OF HEART RATE ON CARDIAC OUTPUT AND RIGHT ATRIAL 
PRESSURE DURING HYPOVOLEMIA AND HYPERVOLEMIA IN DOGS wity 
CHRONIC A-V BLOCK. Ralph S. Zitnik,” Frans Bender,* 
Joseph Snyder,” Arthur H. Kitchin’ and Earl H. Wood. 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota, 
During 7 experiments in 6 anesthetized dogs with chronic 
A-V block, selected heart rates (HR) from 20 to 150 were 
maintained by a stimulating electrode in the right ven- 
tricular outflow tract. The effects of varying HR on 
cardiac output by dye dilution, right atrial (RAP) and 
avterial pressure were studied in three states, (1) control, 
(2) after 300 ml. hemorrhage and (3) after infusion of 30) 
ml. of dextran. In all three states CO was maximal at an 
HR of about 100 and the RAP was minimal at HR 70-100. (0 
decreased and RAP increased at heart rates above and beloy 
these values. Absolute values for CO and RAP were less ip 
hypovolemia and greater in hypervolemia than in the controls 
at all HR. It is of interest that the HR at which maximal] 
CO was attained was unaffected by plethora or hemorrhage, 


Physiology 

EXCITATORY AND INHIBITORY PATTERNS OF CARDIOVASCULAR RESPONS 
ELICITED BY STIMULATION OF THE HYPOTHALAMUS IN THE DOG. C.J, 
Peiss. Loyola Medical School, Chicago, Illinois. Be 

The anterior and posterior hypothalamus of mongrel dogs 
under Sernyl and chloralose anesthesia was explored with sti- 
mulating electrodes. Electrodes were positioned stereotaxi- 
cally and exact locations determined histologically. Blood 
pressure, heart rate, ECG and force of myocardial contraction 
were recorded. Excitatory responses of huge magnitude were 
readily obtained from the posterior hypothalamus in areas pn- 
viously described for the cat. These responses included in- 
creases in pressure, rate and myocardial force. In general 
the right hypothalams produced larger increases in heart rat 
than the left, while the opposite was true for changes in 
force of myocardial contraction. Since this pattern is sini- 
lar to that obtained by stimulation of the anterior roots, it 
appears that many of these fibers from the hypothalams pass 
to the spinal level uncrossed. Inhibitory responses were 
obtained from both the anterior and posterior hypothalams., 
Cardiac slowing and decreased myocardial contractile force in 
vagotomized dogs is clear cut evidence of inhibition of sympa 
thetic outflow to the heart. It is proposed that the excita- 
tory and inhibitory pathways are mediated at least in part at 
the spinal level. 
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AUTOMATIC DYE-DILUTION CARDIAC OUTPUT DETERMINATION, 
J.T. Hansen and N, Pace, Dept. Physiol,, Univ. Calif, ,Berkeley, 


Technical difficulties associated with the dye dilution 
method of cardiac output determination have been alleviated 
through the development of a programming circuit, This circuit, 
designed for use with a recording, continuous-flow densi- 
tometer, controls and coordinates blood sampling, dye 
injection and recorder operation. 

Blood may be sampled for a preset interval, drawn through 
the densitometer and stored in a motor-driven syringe. At tle 
end of the sampling period, the syringe reverses and reinjects 
the blood, Dye injection is performed automatically by @ 
spring-loaded, solenoid-actuated syringe. Timing of the inje 
tion is controlled to provide at least 10 seconds to establis 
a base line. A respiratory signal activates the syringe and 
marks the time of injection. Refilling is automatic, ‘The 
injection of dye may be made to coincide with any phase of 
respiration through use of a pressure switch connected either 
to the chest or air way. 

Tested in the unanesthetized dog, this technique has greatly 
reduced the variability usually seen in dye dilution cardiac 
output determinations, It has been possible to reduce the 
variability even further by making the determinations hy 
remote control. (Supported by USPHS Grant H-l,981 and Alameds 
County Heart Association) 
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Physiology 


HE T OF PULMONARY CAPILLARY BLOOD FLOW DURING EXER- 
(ISB BY A FOREIGN GAS TECHNIQUE. D.V. Bates, Margaret R.Beck- 
iske Fos. Varvis,® and M. McGregor. Royal Victoria Hospital 
aa McGill University, Montreal, é 

4 “steady state" indirect Fick method using nitrous oxide 
has been developed to make repeated measurements of pulmonary 
blood flow during hard physical exercise. The main problem in 
this technique is to define the times of ‘(a) alveolar gas re- 
t and (b) recirculation. Alveolar rinsing time with 
the test gas (N20 in a He/O2 mixture) is defined by continuous 
pnitoring of nitrogen washout. Recording of Vp and $N20 at 
the mouth permits the V N20 and Qc to be computed during each 
preath cycle. A progressive fall in the Qc so measured indi- 
gates significant recirculation of N20. 

In normal subjects over a wide range of physical exertion, 
reproducible values of Qc have been obtained which agree sat- 
jsfactorily both with those obtained nearly similtaneously 
using @ dye dilution technique, and with other data in the 
literature. The results indicate that recirculation is not a 
major difficulty in this technique, but that rapid gas mixing 
in the lung is essential to an accurate estimate. (Supported 
by a grant from the National Research Council of Canada and 
the Life Insurance Medical Research Fund.) 


Physiology 


xayPton®> IN THE MEASUREMENT OF CARDIAC OUTPUT BY THE SINGLE 
INJECTION INDICATOR-DILUTION TECHNIC. William P. Cornell*, 
fugene Braunwald and Edwin C. Brockenbrough*. National Heart 
Institute, Bethesda, Maryland. 

When Krypton85 in saline solution is injected into the left 
side of the heart and sampled from a systemic artery, or is 
injected into a peripheral vein and sampled from the pulmonary 
artery, only the primary time-concentration curve is obtained. 
Recirculation is eliminated by the diffusion of this indicator 
into the extravascular space and its loss from the pulmonary 
capillary bed. Determination of the radioactivity in a single 
blood sample, withdrawn at a constant rate throughout the 
period during which the Kr85 passes across the sampling site 
permits calculation of the average concentration of Kr 
during the inscription of the primary curve. The validity of 
this technic was tested in a circulatory model against actual 
flow determined by timed collection. 1 5S.D. of the differences 
in 27 trials equaled 5.1%. In 26 comparisons of cardiac 
output determined simultaneously in dogs by a rotameter and 
the Kr85 technic, 1S.D. of the differences equaled 9.6%. In 
19 comparisons of cardiac output in patients determined by 
dye-dilution and Kr85 technics, 1 S.D. of the difference 
equaled 11%. The xr85 technic is simpler technically and 
requires less blood, instrumentation and calculation than the 
standard dye technics. 


Physiology 
SIMILTANEOUS OBSERVATIONS OF RIGHT AND LEFT VENTRICULAR STROKE 
VUMES IN THE CONSCIOUS DOG. A, Gus*, J.l.E. Hoffman", 
ed and f. 


dk Chariier*, WR. Wierich*, ’ 

Cardiovasc. Res. Inst. and Dept. Surg., U. Cal., S.F. 
Electromagnetic studies of flow from right and left 

ventricles have been made by implanting coreless transducers 

of the Kolin type around the ascending aorta and main PA of 

the dog. There were no pressure gradients across the trans- 

ducers and the pericardium could be closed around the heart. 

Studies were made in the intact conscious state. The flow 

tials, which are also velocity signals (since cross section- 

tl area is maintained constant by the transducers) were differ 

tiated, resulting in a curve of acceleration. Calibration 

as performed with dye-dilution technique. The ejection pat- 

terns of the right and left ventricles differ considerably. 

feximum accelerations of the order of 3G are recorded at the 

wrtic root, and are smaller by 10-20% in the main PA. Peak 

forvard flow is usually 200-300 ml./sec. in the aorta, and 

ml./sec. in the main PA. At the end of systole, sharp 

pak backflow of up to 75 ml./sec. are present on the left 

tide lasting .01-.02 secs. in contrast to smaller but more pro- 

longed backflows in the main PA, Changes in these parameters 

of ventricular ejection have been related to changes in 

stroke volume induced by alterations in filling. (Supported 

y U.S.P.H.S. Grant H-4029.) 
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Physiology 
ACUTE AND CHRONIC ADJUSTMENTS TO CONTROLLED SYSTEMIC-PULMONARY 
COMMUNICATIONS. A.M.Rudolph, R.J.Golinko* and N.L.Gootman.* 
Albert Einstein College of Medicine, New York. 

A silicone-rubber prosthesis(!.D. 3/8'')was inserted between 
the aorta and main pulmonary artery of the dog. The size of 
the aorto-pulmonary shunt was controllable by means of a ball- 
oon-device Incorporated in the prosthesis and a shunt of about 
50-60% of left ventricular output was maintained. In the first 
3-4 days sudden opening of the shunt resulted in an immediate 
fall in aortic pressure(within one cardiac cycle). Respiratory 
rate and depth increased rapidly, the animal became restless 
and distressed, and if the shunt was not closed, died in acute 
pulmonary edema. There was no apparent adjustment to the de- 
creased aortic and raised left atrial and pulmonary arterial 
pressures. Within 7-10 days, although no significant changes 
had occurred in the control pressures and flows with the shunt 
partly open, there was a very rapid adjustment to completely 
opening the shunt. Aortic pressure dropped Immediately, but 
slowly rose again within 30-60 seconds. Left atrial and 
pulmonary arterial pressures remained at a steady level during 
this adjustment. Respiratory changes were also considerably 
less marked. This difference in response did not appear to be 
related to changes in pulmonary vasculature or to reflex 
adjustments, but to the rapid development of marked left 
ventricular hypertrophy. 


Pathology 


GENESIS OF I: STUDY OF THEIR FINE STRUCTURE. 
O, A, Iseri and E, P. Benditt, Department of Pathology, 
University of Washington, Seattle, Washington, 

A comparison of the structure of thrombi formed in vitro 
in Chandler's system (Lab. Invest. 7:110,1958), thrombi formed 
spontaneously in vivo, and clots of platelet-rich plasma was 
made by light and electron microscopy. The principal component 
in the "head" of in vitro and in vivo thrombi is platelets. 
Leukocytes are found regularly to be associated with the plate- 
let masses, Little fibrin is seen. Contrary to traditional 
opinion, platelets in the masses remain as discrete, membrane- 
bound entities, Their membranes are closely apposed, the 
spacing measuring 200 to 500 8. Structural integrity of the 
granulomere elements is maintained. Occasional "blebs’ of hya- 
lomere are seen, Leukocyte membranes are similarly closely 
applied to the adjacent platelets, In striking contrast, 
plasma clots show complete morphological disruption of the 
platelets which form polymorphous "blebs" and multilaminated 
structures. Mitochondria and the dense granules are rarely 
identified, Abundant fibrin strands are associated with the 
platelet masses, The findings suggest that the important 
factors in the initiation of thrombus formation are those 
which cause platelets to adhere to endothelium, to each other 
and to leukocytes. The role of fibrin appears less conspicu- 
ous. (Supported in part by U.S.P.H.S. Grant H-3174.) 


Pathology 


RELATIONSHIP of PERIARTERITIS to VALVULAR LESIONS 
in the RAT, Alfred Angrist and Masamichi Oka.* Albert 
Einstein Gol. of Medicine, New York 61, N.Y. 

A varying incidence of periarteritis was found in experi- 
mental groups of Sprague-Dawley rats subjected to different 
forms of stress and permutations of ablation of selected en- 
docrine organs and excessive hormone administration, for 
the production of cardiac valvular lesions. The correlation 
of periarteritis with the valvular changes will be presented. 

The groups showing periarteritis included a) those with 
enucleation of the central adrenal without DOCA, b) with 
DOCA; c) bilateral complete adrenalectomy with DOCA, d) 
with ACTH, and e) with both DOCA and ACTH; and f) in groups 
of rats under varying conditions of parabiosis. No periarter- 
itis occurred in the other 21 experimental groups covering a 
wide range of stresses, surgical ablation of endocrines and 
excess of different hormones, singly and in combinations, 

In the rat, gamma globulin failed to yield periarteritis and 
valvulitis, as with the rabbit. No elucidation of the mechan- 
ism for the evolution of periarteritis can be suggested, though 
its occurrence in the absence of any sensitivity or allergy is 
noted, (Supported by USPH Grants H-2190 (C2, 3,4) ). 
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Pathology 

VENTRICULAR FIBRILLATION IN DOGS WITH TEMPORARY OCCLUSIONS OF 
A CORONARY ARTERY. R.B.Jennings, H.M.Sommers*, G.A.Smyth* and 
H.A.Flack.*Northwestern Univ. Med. School, Chicago, Dlinois. 

The circumflex branch of the left coronary artery was tempo- 
rarily occluded near its origin for 5-60 minutes in 80 dogs. 
After the desired time interval had elapsed, the coronary ar- 
terial circulation was restored over a period 60 sec. or 
less. 38 dogs developed ventricular fibrillation (VF) within 2 
-45 sec. of release of the occlusion. VF occurred most often 
after periods of ischemia of 20/to 29 minutes. Only 2 of 23 
dogs survived restoration of the circulation during this time 
interval. All but 1 of these animals received 10 mg/kg of I.M. 
procaine amide 15 min. before the occlusion. No VF was observ- 
ed with occlusions lasting from 5 to 15 or 50 to 60 min. The 
effect of generalized asphyxia on the incidence of VF was inve- 
stigated in 22 dogs with occlusions of 20-29 min. duration by 
turning off the respirator pump 1.5 min. before and turing it 
on again. 1.5 min. after restoration of the circulation. 10 of 
the 22 dogs lived and 10 developed VF. 2 died with cardiac ar- 
rest. We conclyde asphyxia did significantly reduce the inci- 
dence of VF (Xé p€0.05). The results suggest that the VF no- 
ted in these riments is related to the presence of the 
large focus of ischemie myocard as VF can be markedly re- 
ee the focus making the remaining 

um ischemic before restoring the circulation. 


Pathology 
MORPHOLOGIC EFFECTS OF PRESSOR AGENTS. Eric A. Schenk* and 
Charles Faulkner.* Dept. of Pathology, Univ. of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 

Pressor agents have been implicated in the production of 
myocarditis, hepatic necrosis, and intestinal bleeding and 
perforation. The present report deals with experiments de- 
signed to show whatever morphologic changes are produced in 
organs of rabbits following the infusion of various doses of 
pressor agents over varying periods of time. It has been ob- 
served that doses of nor-epinephrine below 0.4 microgm./kgm./ 
min. administered over a period of 5 hours produce no morpho- 
logic changes in the normotensive rabbit. Doses from 0.4 to 
1.5 meg. /kgm./min. administered for 5 hours produce pulmonary 
congestion and hemorrhage, splenic congestion, focal myocar- 
dial hemorrhage, and hepatic sinusoidal congestion. One day 
after infusion, myocardial fiber smudging and perivascular 
histiocyte infiltration are seen, while after 3 days an acute 
myocarditis characterized by myocardial fiber degeneration and 
histiocyte infiltration develop. Pulmonary and splenic hemo- 
siderin phagocytosis become apparent. Within this latter dose 
range, no morphologic changes in gastrointestinal tract, kid- 
neys and CNS were apparent at any time following infusion. 
Doses above 1.5 mcg./kgm./min. administered for 5 hours led to 
demise of almost all animals within 2 hours due to severe 
pulmonary hemorrhage. 
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EFFECTS OF CHYMOTRYPSIN AND OTHER AGENTS, ON 
BURN INFLAMMATION IN THE RAT. G. R. Bobalik and 
J. W. Bastian.* Armour Pharmaceutical Company, 
Kankakee, Illinois. 

Inflammatory edema was elicited by immersion of the 
right hind foot of the rat in 54°C water for 15 seconds. 
Amount of edema, ascertained by difference in weight of 
the left and right feet, averaged . 94 and . 54 g at 3 and 
24 hours after burn, respectively. Chymotrypsin admin- 
istered subcutaneously, intraperitoneally or intramus- 
cularly immediately after burning yielded reproducible 
inhibition which averaged 50% at 40 mg/Kg, 27% at 
20 mg/Kg, 14% at 10 mg/Kg and 10% at 5 mg/Kg with 
necropsies 3 hours after burning. Similar results were 
obtained with 24 hour necropsies. Cortisone and hydro- 
cortisone were ineffective in this assay, but phenylbutazone 
and LSD were found to inhibit edema formation. The 
effects of heat, cold, vasoconstricting and vasodilating 
drugs, and other agents were also evaluated. Foot and 
body temperatures were measured in all assays as 1n 
index of peripheral circulation. 
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Physiology 
IONIC COMPOSITION AND PERMEABILITY OF SMOOTH MUSCLE. 
R.P. Durbin and R.R. Monson™, Biophysical Laboratory, Harvay 
Medical School, Boston, Mass. 

The Na, K and Cl contents and the inulin and sucrose Spaces 
have been measured in guinea pig taenia coli. Muscle segments 
of 30-40 mg wet weight were dissected free, mounted isometri. 
cally on wire frames and immersed in —— Krebs solution 
at 38°C. The space avilable to sucrose-C*", in percentage of 
wet weight, was 47 + 11% (standard deviation, 14 experiments’ 
to inulin-cl4, 39 47% (s.d., 10 expts.). Taking the average 
to represent extracellular space, the following intracellulg 
values were calculated from measured ion concentrations; 

73 mEq/kg cell water (39 expts.); K, 215 mEq/kg (39 expts,); 
cl, 74 pea/ kg (32 expts.). In some experiments efflux curves 
for Na@ ° a and C156 were obtained in order to estimate the 
rate of exchange of intracellular ions. The half-times of e. 
change for at least 85% of the individual ion were for Na, 
3 min., Cl, 8 min., and K, 64 min, The membrane potential 
calculated from the Goldman equation and these data does not 
agree with the known membrane potential (cf. Goodford and 
Hermansen, J. Physiol. 1535 29P, 1960). However, the, complex- 
ity of the efflux curves suggests that Na, K and Cl are not 
distributed uniformly in the intracellular space, which may 
account for this disagreement. 





Physiology 
FACTORS AFFECTING SURVIVAL OF MOUSE SKIN DURING FREEZING AND 
THAWING. J, K. Sherman, Dept. of Anatomy, Univ. of Arkansas 
School of Medicine, Little Rock, Ark. 

Skin transplantation was used to evaluate certain factors 
in life & death of mammalian tissue cells during freezing & 
thawing. With hair color as a marker, ventral to dorsal auto- 
grafts of 8 mm. circles of skin were made in 497 4-5 wk. old 
C3H mice. Cell structure before freezing, while frozen, & 
after rewarming was correlated with survival. Data showed 
that 1) the presence of glycerol, although not essential to 
survival, increases survival by 33%, 2) glycerol penetration 
into cells is necessary for maximal survival while extracell- 
ular glycerol appears non-protective, 3) cooling to -75 or 
-196°C. at rates of from 100 to 0.2°C./sec. gives survivals 
of 0 to 50% in favor of slower rates, 4) a 31% drop in sur- 
vival occurs when final temperature reached is lowered from 
-75 to -196°C., 5) more rapid rewarming favors survival (50, 
12, & 0% for rates 180, 4, & 1°C./min. respectively), 6) tem 
perature shock, glycerol & time in pretreatment may cause 
pre-freezing loss, 7) grafts surviving glycerol pretreatment 
show no further loss during cooling to -75 C. at 1.3°C./min. 
& rewarming to 22°C. at 180°C./min., 8) intracellular ice & 
structural alteration are not incompatible with survival. 
(Supported by grant from Nat. Inst. Health.) 


Physiology 
SPEED OF LOCOMOTION AND ACETYLCHOLINESTERASE IN AGING TETRA- 


HYMENA. Mary Custis Straughn* and R. R. Ronkin. Dept. of 
Biol. Sci., v of Del., Newark, Del. 

The speed of locomotion of synchronously and asynchronous- 
ly dividing cultures of Tetrahymena pyriformis, strain GL, 
was compared with cell age (time since end of last division) 
and acetylcholinesterase activity. Measurements of speed 
were made on single cells from the start of division util 
the next division of the daughter cells. The method involved 
tracking of cell movements as projected by a camera lucida 
over one-second time intervals. Acetylcholinesterase activ- 
ity was measured spectrophotometrically on cultures of syn- 
chronously dividing cells. There was a direct relationship 
between the speed of locomotion and the age of cells from 
synchronously and from asynchronously dividing cultures. The 
speed rose sharply to a peak after about 20% of the genera- 
tion time had passed and then began a steady decline which 
continued until after the next cell division. Acetylcholin- 
esterase activity appears to be directly related to the 
of locomotion of cells in a synchronously dividing culture. 
(Supported under a contract with the Office of Naval Resear, 
Department of the Navy, NR 164-280.) 
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Physiology 
IC FACTOR OF YEAST CATALASE.J,G.Kaplan.Dept.of 
Be ogy Dalhousie Univ. ,Halifax, Ws. ’ 
"hay a fraction of the total catalase of the 
intact yeast cell is discernible(high cryptic 
factor ,15-200) ;lysis of the cell reveals the cryptic 
yetivity. In anaerobic cells, the enzyme is not 


the factor wart from 0.7=-2.0. 
eSbrobic intact ce 1 Ensyme anes the high 
activation energy of the aerobic whole cell 
atalase;lysis of both aerobics and anaerobics 
lowers the activation energy by about 5 Kcal. to 
yalues typical of the extracted enzyme.Permeability 

ers or transport of substrate cannot explain 
erypticity.My hypothesis is that it is due to exist- 
ence of catalase molecules in packets in aerobics; 
with each cell division,there is equal division of 
each packet such that total activity decreases by 
\/2/eell/division with no change in whole cell act- 
ivity. Application of classical collision theory 
indicates that active enzyme in intact calls is 
oriented so as to make activated collisions more 
probable (high steric factor) than after lysis or 
extraction. Cryptic factor can be made to increase 
ynilst total activity decreases,by maintaining non- 
growing cells in presence of an energy source. 


Biochemistry 


ISOLATION OF A NEW PARTICULATE FRACTION FROM MAMMALIAN CELLS. 
¢. G Mackenzie, 0. K. Reiss, and J. B. Mackenzie, Dept. of 
Biochemistry, University of Colorado Medical School, Denver. 

Anew class of cytoplasmic particles has been isolated 
fron a variety of mammalian cells. In living cells under 
phase contrast these particles appear as perinuclear black 
bodies of approximately Iu diameter. They retain their iden- 
tity when the cells are washed and disrupted in cold sucrose 
or water. They are concentrated in the supernatant fraction 
after removal of the nuclei, mitochondria and microsomes by 
differential centrifugation. The particles can be washed free 
of soluble cytoplasmic proteins by repeated centrifugation in 
0. As indicated by their physical properties, the purified 
particles are rich in lipids and contain approximately 10% 
protein (dry weight). They are destroyed by prolonged centri- 
fugation in 0.3 osmolar electrolytes or sucrose. In living 
cells, the particles stain supravitally with Janus Green, and 
in fixed cells with lipid soluble dyes. Electron micrographs 
show the presence of a distinct membrane. Some of the parti- 
cles are in contact with mitochondria. The lipid-rich parti- 
cles increase in number when HeLa, Chang liver, or rat liver 
cells are grown at pH 7 or lower. They are also plentiful in 
rabbit liver cells dividing every 20 hours in Eagle's medium 
plus 10% homologous serum, pH 7.4. Consequently, they do not 
tepresent cellular degeneration. 


Biochemistry 


INTRACELLULAR LOCALIZATION OF INORGANIC POLYPHOSPHATE IN 
NEUROSPORA CRASSA. F. M. Harold* and Alexander Miller.* 
National Jewish Hospital, Denver, Colorado, and the California 
Institute of Technology, Pasadena, California. 

Both acid-soluble and acid-insoluble inorganic poly- 
phosphate occur in Neurospora. In order to determine 
vhether this differential extraction of polyphosphate by acid 
teflects separate intracellular localizations, homogenates of 
wycelium were fractionated by differential centrifugation at 
ph7, The insoluble polyphosphate was found to be bound to 
the particulate elements of the cell, primarily to the cell 
wills which contained up to two thirds of the total amount. 
the soluble polyphosphate could be recovered in the final 
supernatant. However, further investigation showed that the 
distribution of insoluble polyphosphate resulted from 
adsorption of free polyphosphate to cell walls and particles 
during the fractionation process. It is proposed that in the 
living cell polyphosphate molecules of various chain lengths 
Occur together in the free state. Upon disruption of the 
cell, the larger molecules are bound to various acceptors 
giving rise to acid-insoluble polyphosphate. (Supported in 
part by postdoctoral fellowships of the U. S. Public Health 
Service.) 
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Biochemistry 

CAROTENOID-CHLOROPHYLL INTERACTIONS IN PHOTO- 
SYNTHETIC BACTERIA. R. K. Clayton, Biology Division, Oak Rid 
National Laboratory, Oak Ridge, a es " 

Photosynthetic bacteria show at least four manifestations of inter- 
action between carotenoids and bacteriochlorophyll: (1) Light energy 
absorbed by the carotenoids is transferred to the bacteriochlorophyl| and 
thus becomes useful for photosynthesis. (2) The colored carotenoids can 
protect the cells against photo-oxidative injury mediated by the bac- 
teriochlorophyll. (3) The presence of colored carotenoids modifies the 
infra-red absorption spectrum of the bacteriochlorophyl|. (4) When 
light is absorbed by the bacteriochlorophy!|, the absorption spectrum of 
the carotenoids is altered reversibly. The nature and extent of these 
interactions has been examined in three genera of photosynthetic bac- 
teria, including some abnormally pigmented forms. Effects of drying 
and cooling have also been determined. It is concluded tentatively 
that the last two interactions require a precise structural configuration 
of carotenoid and bacteriochlorophy!! molecules. Should this conclu- 
sion prove correct, it would follow that the structural pattern is 
achieved, in carotenoid biosynthesis, at the level of zeta-carotene or 
neurosporene, with subsequent dehydrogenations occurring in situ. 


Biochemistry 


PROPERTIES OF LENS MUTAROTASE, Albert S, Keston, 
Inst. for Medical Research & Studies., N.Y. 1, N.Y. 

Mutarotase is present in the lens and retina in 
considerable amounts, Lens mutarotase forms color- 
less extracts. This argues against a colored pros- 
thetic group which seems possible for mold mutaro-~ 
tase which Bentley found to yield colored solutions. 
Solutions of lens mutarotase catalyze the mutarota-- 
tion of D-glucose, D-galactose, D-xylose, and L- 
arabinose. The cataractogenic sugars, D-xylose, 
D-galactose and L=arabinose are competitive with 
glucose as substrates. The action of mutarotase on 
glucose (Smg/ml) is inhibited 50%, 80%, and 80% by 
xylose, galactose, and arabinose respectively (5.2 
mg/ml). Kidney mutarotase shows similar inhibitions. 
Since "galactose" cataract is produced by the feed- 
ing of any of the above competitors, it is suggested 
that lens mutarotase may be involved in the forma~ 
tion of “galactose” cataract and the cataract of 
galactosemia, The involvement of phosphoglucomutase 
(Sidbury) in these cataracts through the inhibition 
of this enzyme by galactose l-phosphate does not 
explain the cataractogenic action of xylose and 
arabinose. Supported by a grant (A3568) from the 
National Institutes of Ilealth. 


Pharmacology 


MITOTIC ACTIVITY AND CELL SIZE DURING CARCINOGENESIS. 
B. Jackson.* Lederle Laboratories Division, American Cyanamid 
Company , Pearl River, New York. 

Experiments in which normal cells are transformed into 
malignant cells supply material suitable for a search for 
early morphological alterations in cell populations known to 
be on the way to malignancy. Alterations of liver cord cells, 
preceding hepatomas, have been produced in rats treated with 
acetamide. These alterations were: excessive variability of 
cell and nuclear sizes, mitoses, and cells with degenerative 
nuclear changes. Two of these, cell size and mitotic activity, 
were measured in histological sections from livers of 
acetamide-treated rats. Cell sizes and mitotic activity were 
slightly increased in grossly normal livers of treated rats 
sacrificed before tumors appeared. Mitotic activity was 
markedly increased and cell sizes decreased in tumor nodes. 
Mitotic activity and cell sizes in the nontumorous parts of 
tumor-bearing livers were the same as in livers with minor or 
no gross changes. Significant changes in cell size and 
mitotic activity were observed only in hepatomas and livers 
with "disseminated foci." The difference between the mitotic 
activity of tumor and adjacent nontumorous liver supports the 
widely accepted theory that tumor cells lose inhibitory con- 
trols as part of their neoplastic transformation. 
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Pharmacology Path 
BIOCHEMICAL AND MORPHOLOGIC HETEROGENEITY OF A MAST CELL TUMOR. 
ELECTRON MICROSCOPE OBSERVATIONS ON THE BEHAVIOR 

Charles E. Mengel* and Jerry S. Trier.* National Cancer Insti- PLASM DURING MEROZOITE FORMATION IN A MALARTAL Panne EFFEC 
ome, Senses, Ss. (PLASMODIUM LOPHURAE). Maria A. Rudzinska” 9nd William — fi fere 

The morphologic heterogeneity of the P815 mast cell ascites Trager, The Rockefeller Institute, New York, N.Y. $ 
tumor suggested that the cells might be heterogeneous in their ein sections of P. lophurae maintained in vivo and cate 
ability to produce serotonin and histamine. In vitro cloning in vitro gave the pal to study the fine structure fp viv 
developed sublines with higher levels of both metabolites, Of the parasite at different stages of development, the iste 


(Schindler et al, Cancer Res. 19:47). An in vivo pseudoclone 
with inoculation of less than 5 cells resulted in tumor growth 
within 18 to 25 days in half of the mice. Weekly transplants 
were carried out thereafter. There was an immediate fall in 
the serotonin content from 250 ug/ml. packed cells to 60 ug/ml. 
packed cells and histamine levels rose. Light and electron 
microscopy revealed an associated increase in the number of 
cells containing huge intracytoplasmic vesicles and decreased 
numbers of granules. The neoplastic virulence was unchanged. 
The serotonin content rose through 12 succeeding generations to 
normal levels. With the biochemical reversion there was a re- 
turn to base tumor morphology. This suggests intercellular 


sequence of events during reproduction and the role of the 14 ( 
cytoplasm in this process. Electron micrographs showed i Kno 
that preparatory steps for merozoite formation are not lim. § "ine 
ted to repeated nuclear divisions. They involve consider. solu 
able changes in all major components of the cytoplasm and of t 
the production of double smooth-surfaced membranes which are § "t! 
to become limiting membranes of the merozoites. The cyto- of e 
plasm continues to be active during the actual formation op § le 
merozoites. At this stage a segregation of cytoplasmic cm@. § %!" 
ponents takes place resulting in the incorporation into the The 
offspring of a condensed cytoplasm containing all the organ. coed 


elles. The watery part of the cytoplasm with the lipids grou 
biochemical heterogeneity in this tumor and the possibility of and food vacuoles is withheld and at the end of reproduction bema 
developing morphologically recognizable stable sublines of this forms the residual body, a separate structure bound by a ited 
tumor with differential levels of serotonin and histamine by membrane. (Supported by a grant (E-1407) from the National alse 


pure in vivo clone techniques. Institute of Allergy and Infectious Diseases, U.S.P.H.S.), tra 


lati 
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UPTAKE AND METABOLISM OF AMINES BY MAST CELLS IN CULTURE. J. EARLY CHANGES IN THE FINE STRUCTURE OF TEPATOCYTES IN B+3- 
P. Green and S. M. Jay*, Dept. of Pharmacol., Yale Univ. Sch. THIENYLALANINE FED RATS. 2. Hruban,* i. Swift,* and R. i. re 
of Med., New Haven, Conn. Wissler. Department of Pathology and Zoology, The University 


of Chicago. 

Adult male rats (450 Gm.) were force fed maintenance amin 
acid diets containing DL-6-3-Thienylalanine (83TA) in place of 
phenylalanine. Rats were killed 5 and © days after receiving 
a total of 450 mg and 700 mg A3TA respectively. Hepatocytes 
stained for RNA with Azure B showed marked enlargement and 
increased basophilia of nucleoli. Basophilic inclusions wr 
replaced in most cells by a strong diffuse basophilia throug 
out the cytoplasm. Electron microscopy revealed rough mem- 
branes of the endoplasmic reticulum largely limited to areas 
surrounding the mitochondria. ‘They contained frequent large 
regions devoid of ribosomes and were associated with numermus 
small smooth-walled vesicles. These vesicles frequently con 
tained coarsely granular material and rarely lamellar inclus- 
ions. Mitochondria, particularly in animals killed after 8 
days, were large, irregular and very densely packed in som 
areas. Microbodies were numerous. Glycogen areas of the 
cytoplasm were markedly reduced. (Supported by Grants: USB 
C=3544 and USPHS CY-5310). 


Two strains of a murine mast ce!! tumor (P-815), maintained 
in culture for more than two years, retain the capacity to tale 
up and to decarboxylate histidine and 5-hydroxytryptophane 
(5-HTP) to their respective amines. The cells are able also 
to concentrate pre-formed histamine and 5-hydroxytryptoamine 
(5-HT). The rates of turnover of the preformed amines differ 
from the turnover-rates of endogenously formed histamine and 
5-HT. Furthermore, pre-formed histamine and 5-HT are re- 
leased from the cell under conditions which fail to cause 
release of the endogenously produced amines. Both strains of 
neoplastic mast cells are able to take up 3-hydroxytyramine 
and tryptamine, although to a lesser extent than histamine 
or 5-HT, but no evidence could be obtained that either 3- 
hydroxytyramine or tryptamine are normally present in these 
cells. incubation of these cells with tryptophane results in 
the formation of 5-HTP and 5-HT and only small amounts of 5- 
hydroxyindole acetic acid; no other metabolic products of 
tryptophane or of 5-HT could be detected. No evidence could te 
obtained that either endogenous or exogenous histamine is 
further metabolized. 
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Pathology Pathology 
RELATION OF ACID PHOSPHATASE ACTIVITY TO SECRETORY ACTIVITY IK 
. Al 
Sar + « wcnees ate + ae oe ENDOCRINE ORGANS. Harold John Sobel*. Dept. Path., Mt. Sin Jo 
* nts oF Galton Sisal Center. San Fran- Hosp., New York, N.Y. a 
ot tupebeas > po oT ep cnnctr + cl so al Be oa ‘hae Using a modified azo-dye coupling technique with inpeaa a 
of Zoology, University of California, Berkeley, Calif. eS OO eS ee oe poses 
> > +9 . 

The process of involution in the epithelial cells of the cheerved tu-enttortas ergs. We rere © Se re ai duc 
mouse mammary gland was studied in tissue samples taken at activity to the secretory activity of both the thyrots & po 
intervals of 1-15 days following weaning. By light micro- anterior pituitary glands of the rat was studied. The hor- cul 
sc the total amount of epithelial tissue decreased to a onal activity of these ergens was influenced by cob aaa $e 
ps Phe a tak mak a Siebdhieks shigelt aikenee tion and the administration of thyroxin, testosterone and lid 
tissue showed a freenale sis ates increase By aul growth hormone. in these conditions a oe rye be el 

. ac 
microscopy the majority of the alveolar epithelial cells process ov - mas ergs pmb _ bongs (pituitary ob: 
became vacuolated, and subsequently necrotic. During this in onto lpg tl mle aeedan ° id acinar Tal 
process there was intracellular accumulation of fat and ps aa oa ig mete iste antcieastal ct 
protein droplets, disappearance of portions of ergastoplas- . ss net l 
mic and Golgi sacs, and appearance and coalescence of intra- only for the thyroid aciner — “ midge wet = je ga 
cellular vacuoles. These changes culminated in cytolysis = ei is eet je se pecrsateg mpegs tary baso- 4, 
with release of free nuclei, mitochondria, fat droplets, att cued aaved . locations pot to that of the Golgi ‘ 

‘ 

ton Siena ie 22.5. ~ ner eae ee. apparatus in other endocrine cells. This suggested @ possible Th 
a relationship of the Golgi zone and acid phosphatase to hormon = 

production and/or output, and to each other. a 

(Supported by U.S.P.H.S. Graduate Training Grant 26-115.) fo 
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Pathology 


OF ETHIONINE ON EPINEPHRINE METABOLISM IN RAT LIVER. 

Hutterer*, Dept. Path., Mt. Sinai Hosp., New York, N.Y. 
=Zince Initial observations had shown that ethionine intoxi- 
cation suppresses the methylation of epinephrine-1-C-14 in 
yivo, the mechanism of this reaction was studied with iso- 
Tated cell fractions in vitro. S-adenosylmethionine-methy!-C- 
ih (S°AM) in the presence of methionine-methyl-C-14 (mM), and 

ylethionine-ethyl-C-14(S-AE) in the presence of ethio- 
rinerethy!-C-14 (E) were formed at a comparable rate by a 
soluble enzyme. In the presence of both M and E the formation 
of the corresponding S-AM and S-AE depended on the initial 
ratio of M and E in the incubation mixture. In the presence 
of added S-AM the methyl! transfer to epinephrine by the sol- 
ule catechol-O-methy! transferase is not influenced by ethi- 
nine injected into animals or added to the reaction mixture. 
the transfer of ethyl! groups from S-AE to epinephrine pro- 
ceeded at a much slower rate than the transfer of methy] 

s from S-AM. The conversion of metanephrine to 3-methoxy- 
ienandelic acid by mitochondrial monoamine oxidase is inhib- 
ited only by such a high dose of ethionine which produced 
also apparent mitochondrial damage. The decreased metabol ic 
transformation of epinephrine probably favors the fat accumu- 
lation in acute ethionine intoxication. 

(Supported by NIH Grant No. A-3846.) 
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Physiology 


RELATIONSHIP OF CARBOHYDRATE METABOLISM TO SODIUM TRANSPORT. 
RE and I. S. Edelman. Univ. of California School 
cine, 8CcO, ifornia. 
The relationship of carbohydrate pathways to active sodium 


aided to the bathing media to a final concentration of 1-10 

1) There was a progressive decline in Na transport begin- 
several hours after mounting; this decline was 

the presence of, or sharply reversed by the addition of 

» pyruvate, and lactate. 2) Iodcacetate inhibited 

sodium transport; the presence of lactate delayed the onset 
wd reduced the degree of this inhibition. 3) TCA cycle inter- 
mdiates and malonate depressed sodium transport incompletely; 
acetate, alpha-ketoglutarate, succinate and malate did not pre- 
vent stimlation by glucose, whereas malonate completely 
blocked this response. These results indicate that Ne trans- 
port is dependent on carbohydrate metabolic pathways. If the 
TCA cycle intermediates actually entered the TCA cycle, 
failure to stimilate transport suggests that glucose, 
end lactate stimlated other than by providing sub- 
for the TCA cycle. Emden f intermediates may 
a critical substrate which is rate limiting for Na 

» While TCA intermediates might reduce the concentra- 
this hypothetical substance by diverting it into TCA- 
petaways. 


he 
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Physiology 


ACTIVE TRANSPORT OF NON-ELECTROLYTES AND THE POTENTIAL GRA- 
DIENTS ACROSS INTESTINAL SEGMENTS IN VITRO. David Schachter* 
and John S. Britten*. Coll. of Phys. & Surg., Columbia Univ., 
and Presbyterian Hosp., New York, Ne Ye 

Active transport of hexoses and L-alanine by segments of rat 
duodenum in vitro is accompanied by increases in the electrical 
potential gradients across the gut wall. The segments were in- 
cubated at 37°C in an isotonic, oxygenated medium, in the pre- 
sence or absence of 0.02 M hexose or amino acid. Using agar- 
Nl bridges, saturated KCl-calomel electrodes, and a Keithley 
electrometer, positive potentials, serosal minus mucosal, were 
observed in all experiments. The potentials, in millivolts, 
tanged as follows: with no added compound, 1.5-2.4; with D-fru- 
ctose and D-mannose (metabolized but not actively transported), 
l1-2.1 and 1.1-1.8 respectively; with 3-CH,-D-glucose and D- 
galactose (actively transported but not readily metabolized), 
4,810.5 and 5.2-8.4 respectively; with D-glucoge (transported 
ad metabolized), 7.3-8.7; with L-alanine (actively transported) 
52 and 6.6; and with Dealanine (not transported), 2.5 and 3.5. 
The duodenal segments were short-circuited, and 3-CH.-glucose 
as observed to increase the intensity of the short-circuit 
current parallel to the increase in potential gradient. There- 
fore active transport of certain non-electrolytes results in 
thanges in ion transport. (Supported by USPHS Grant A-1483.) 
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Physiology 
INFLUENCE OF SOLUTE CONCENTRATION ON INTESTINAL ABSORPTION. 
F. A. Jacobs,* R. C. Flaa,* D. Person,* and T. J. Pacholl.* 
Dept. of Biochem., Sch. of Med., Univ. of N. o,» G 
Forks, N. Dak. 

In our previous investigations on the intestinal absorption 
of Letyrosine, using in situ perfusion of the upper small in- 
testine, we employed a solute concentration of 2.0 mMolar 
amino acid in 0.85% NaCl solution. The range of amino acid 
concentration was lowered to a solute level of 0.02 mMolar 
in the salt solution for our current studies; this brought the 
level into the range in which active absorption against a 
concentration gradient (in the circulatory system) was reached 
and surpassed. Measurements of absorption from the perfused 
intestinal segment were made by counting residual radioactivi- 
ty in the perfusate by liquid scintillation, since the amino 
acid concentrations reached levels beyond the range of relia- 
ble chemical analyses. These studies also included a compara- 
tive examination of D-glucose and urea absorption at concen= 
tration levels both above and below the points of their re- 
spective concentration gradients. The experiments demon- 
strated that there was a more rapid removal of the solute 
(expressed as percentage carried) at concentrations absorbed 
against a gradient. (This investigation was supported in 
part by PHS research grant A-2023, and NSF-G10995). 








Physiology 


IONIC PERMEABILITY OF CAT HEART PAPILLARY MUSCLE. Ernest Page* 
Biophysical Laboratory, Harvard Medical School, Boston, Mass. 

Resting potential differences (P.D.) in cat heart papillary 
muscle measured by intracellular microelectrodes have been 
compared with steady state intracellular ion concentrations 
and cell volumes obtained previously (Page and Solomon, J. 
Gen. Physiol., 44, 327, 1960). Preliminary data (164 measure- 
ments) on muscles perfused at 27-28°C. with isosmolar cat 
Ringer's solutions having K concentrations, [K], = 5.32, 25, 
and 50 'mM gave resting P.D.'s of 78.0 + 0.08, 45.7 + 0.4, and 
31.9 mV. The corresponding K-equilibrium P.P.'s are 90, 50.6, 
and 32.8 mv. If Cl is distributed passivei} according to the 
measured P.D.'s, the cellular Cl concentrat!ons, {c1],, should 
be 8, 28, and 48 mMol/kg. cell water at [K], = 5.32, 25, and 
50 mM, respectively. This passive [Cl]; is less than the val- 
ue of 16 mM previously calculated at [K], = 5.32 from shrink- 
age in Cl-free isosmolar sulfate solutions. The discrepancy 
is also apparent when the passive [Cl];,'s are compared with 
the values of 11 and 27 mMols previously calculated from the 
observed cell swelling at [K], = 25 and 50 mM (assuming 
electroneutrality and osmotic equilibrium). These direct 
measurements also show that the Goldman-Hodgkin-Katz relative 
permeability coefficient, Pyg/Px, is not constant at the three 
[K]o's studied. 


Physiology 


WATER TRANSPORT ACROSS MEMBRANE ANALOGUES. Victor W. Sidel* 
and Joseph F. Hoffman. Natl. Heart Inst., Bethesda, Md. 

Net water movement across many biological membranes in the 
presence of an osmotic gradient is known to be greater than 
that predicted by the Ussing flux ratio equation for passive 
diffusion. To investigate this phenomenon, unidirectional 
water flow, measured by THO, and net water flow, measured 
volumetrically, were determined simultaneously, under 
gradients imposed by NaCl, in: a) Two aqueous phases separated 
by a liquid non-aqueous mesityl oxide membrane, with and with- 
out stirring; b) Two aqueous phases separated by air in a bell 
jar. Net water movement was greater than that predicted in a), 
but not in b). For example, for 0.1 molal and 5.0 molal NaCl, 
the water activity ratio is 1.24 and the measured flux ratio 
is 1.66; the measured net transfer is 16t2 l/min compared 
with predicted 10 pl/min. In biological membranes this type 
of deviation has been interpreted in terms of bulk flow or 
active transport of water. In model a), the deviatioa is 
thought to be due to a difference in water content at the two 
interfaces; the water contents of mesityl oxide in equilibrium 
with NaCl solutions was found by several methods (THO parti- 
tion, I-R spectroscopy) to be non-linear with water activity 
in the aqueous phases. The large water flow in physiological 
membranes may be due to a similar mechanisn. 
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Physiology 


PHOSPHOMONOESTERASE AND Na+K ACTIVATED ATP- 
ASE. D.C. Tosteson, M.P. Blaustein* and R.H. Moulton*, 
Dept. Physiology, Washington Univ., St. Louis, Mo. 
Recent evidence suggests that a membrane-bound Na+K 
activated ATPase is involved in active Na-K transport in 
animal cells. This report concerns phosphomonoesterase 
(R Pase) activity associated with Na+K activated ATPase in 
soluble intestinal alkaline phosphatase (Sigma) and in red 
cell membranes. Membranes from high K sheep and pig 
RBC were prepared and ATPase assayed as before (Fed. 
Proc. 19:128, 1960). RPase was assayed by the release of 
p-nitrophenol (NP) from p-nitrophenyl phosphate (PNP). 
Ultracentrifugation and 14 fold purification of the intestinal 
alkaline phosphatase by DEAE column chromatography and 
alcohol fractionation did not separate RPase and ATPase 
activities. In pig RBC membranes ATPase was inhibited by 
NPP and NP while ATP and ADP inhibited RPase. RPase, 
Na+K activated ATPase and active Na-K transport were all 
5-10 times higher in pig than in high K sheep RBC mem- 
branes. These results suggest that the alkaline RPase found 
in many animal cell membranes may be related to Na+K ac- 
tivated ATPase and active Na-K transport. (USPHS H-4045) 





Physiology 
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SYNTHESIS OF ATP AND ADP AT SITE OF AQUEOUS HUMOR PI 
Morton B, Waitzman and Tao Huang.* Dept. of Pharmacology 

-B.W.) and ratory for Research in Ophthalmology, Weste, 
Reserve University, School of Medicine, Cleveland 6, Ohio 

The presence of adenosine triphosphate (ATP) and 
diphosphate (ADP) adenylic acid (AMP) deaminase activa 
systems in ciliary process tissue, the site of aqueous humor 
production, has been reported previously (Waitzman, M, B, h, 
J. Physiol., 198:665, 1960). In the presence of a hog ciliay 
process acetone powder extract enzyme system, prepared as 
described in an earlier paper (Waitzman, M. B. and E. J, 
Ballintine, Am, J. Ophthalmol., 6 (no. 1, part II):96, 1958) 
adenyl amidate (AMP~NH») reacts with inorganic pyrophosphate 
to form ammonia and either ATP or ADP. AMP does not substj. 
tute for AMP~NH> in these reactions. If pyrophosphate 
stoichiometry exceeds AMP~NH>, ATP forms. In a similar byt 
enzyme-free system ATP will also form, but in very low conog, 
tration, If pyrophosphate is stoichiometrically less than 
AMP~NH., then ADP forms, These data are suggestive of a 
method by which these high energy adenosine polyphosphates 
undergo bio-synthesis in ciliary process tissue. (This study 
was supported in part by USPHS Research Grant B-121 from the 
National Institute of Neurological Diseases and Blindness.) 
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STOICHIOMETRY OF ACTIVE Nat AND Kt TRANSPORT TO 
ENERGY-RICH PHOSPHATE BREAKDOWN IN HUMAN ERY- 
THROCYTES. A. K. Sen* and R. L. Post, Dept. of Physiol. 
Vanderbilt Univ. Med. Sch., Nashville, Tenn. 

Active cation transport is dependent on the dephosphory- 
lation of ATP. To determine the ratio of transport to dephos- 


NA AND K TRANSPORT IN E. COLI. S.G. Schultz and A. . 
Biophysical Laboratory, Harvard Medical School, Boston, Mass, 
Methods have been developed to study the intracellular co 
centrations of Na and K in E. Coli (K-12). Cells harvested 
during the early exponential phase of growth can maintain a 
intracellular K concentration several orders of magnitude 
greater than the external concentration. In contrast, the ir 





s 


s 





phorylation three times the normal content of MgATP was 
incorporated into cells by treating the cells with a MgATP 
solution sufficiently hypotonic to produce slight hemolysis 
with subsequent restoration of isotonicity and cation imper- 
meability. Net cation transport and the disappearance of 
acid-labile phosphate, (~ P), were determined after incu - 


bation for 3 or 4 hours at 40° in an isotonic sodium and potas- 


sium chloride solution in the presence and absence of the 
active transport inhibitor, ouabain. 
actively transported were compared with the moles of ~P 
spared by ouabain. In 5 experiments a ratio o) 9.76 to 1. 06 
cycles of a (3 Nat + 2 Kt) pump per ~P was found. A ratio 
of 3 Nat per ~P has already been found less directly with 


amphibian membranes by Zerahn and by Leaf and coworkers. 


Supported by a grant, H-1974 (C5), from the National Heart 
Institute, U.S. P.H.S. 


Physiology 

URIDINE TRANSPORT IN EHRLICH ASCITES CELLS. John A. Jacquez. 
Sloan-Kettering Institute for Cancer Research, and Sloan- 
Kettering Division, Graduate School of Medical Sciences, 
Cornell University, N.Y. 

Incubation of uridine with Ehrlich ascites cells leads to 
@ rapid fall in uridine concentration and the appearance of 
uracil in the medium (Krebs-Ringer bicarbonate). The super - 
natant fraction of an ultrasonicate of Ehrlich ascites cells 
splits uridine more rapidly than does the cell suspension in- 
dicating that the splitting enzyme is intracellular and not on 
the cell surface. The kinetics is complicated by the appear- 
ance of a small amount of uridine splitting activity in the 
extracellular fluid after incubation of Ehrlich cells for five 
minutes at 37° C. Practically no uridine is found intracell- 
ularly after incubation for two minutes at extracellular con- 
centrations up to 10 mM/L, the uridine disappearing being 
almost entirely accounted for by the uracil which appears in 
the incubation vessels. The concentration dependence of uri- 
dine entrance into the cells shows a saturation effect 
Suggestive of a transport mechanism. 


The moles of Na* and Kt 





tracellular Na concentration during early growth is less tha 
that in the medium. As growth proceeds, the intracellular f 
concentration falls, and, in the late stationary phase appro: 
imates that of the medium. During this time the intracellulx 
Na concentration rises, and ultimately exceeds that of the 
medium. When K-poor, Na-rich cells are resuspended in fresh 
medium, there is a rapid reaccumulation of K and extrusion of 
Na. Studies with inhibitors suggest that these processes de- 
pend on a high energy phosphate supply derived from anaerobic 
metabolism. The movements of Na and K respond differently to 
variations in pH and temperature, and to the presence of Nal, 
and thus do not appear to be coupled closely. Net K uptake is 
reduced to 5% of the control when phosphate is removed from 
the medium. Furthermore molybdate, an ATPase inhibitor, re- 
duces net K uptake to less than 5% of the control, suggesting 
that phosphate metabolism is connected to K transport. 


Physiology 
IONIC AND ELECTRICAL GRADIENPS ACROSS THE FROG GASTRIC MUCOSA, 
J. B. Harris and I. S&S, Edelman. Cardiovascular Research Inst. 
and Dept. of Medicine, Univ. of California School of Medicine, 
San Francisco, Calif. 

The active ion transport processes in the gastric mucosa 
are presumably either directly electrogenic or give rise to 
the transmcosal potential difference (PD) by creating ionic 
concentration gradients. The of the PD on concel- 
tration gradients was studied in vitro. Ions with low 
permeability coefficients were systematically substituted for 
the standard ionic components of the solutions bathing the 
mucosal (m) and submmcosal (sm) surfaces. Sulfate was substi- 
tuted for Cl, Na for either H or K, and choline for Na. Ta 
PD was not affected by alterations in Nag, Ky and Begy, tit 
varied approximately linearly with the log of K,, or of Clay 
At corstant Clg,, the average 4 PD produced by a tenfold 
change in Kgp, was 35 mV, while at constant Kg,, the average 
4 PD for a tenfold change in Cle, was 17 mV. The average 
PD resulting from similtaneous tenfold changes in Kg, ani Clg 
was 53 mV. As in mscle, it appears that the distribution of 
K and Cl across the submucosal surface of the gastric cells 
approaches electrochemical equilibrium. The gastric tranés- 
mucosal PD therefore probebly reflects a complex system of 
concentration-dependent boundary potentials. 
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Physiology 


POTASSIUM FLUXES AND GLYCINE TRANSPORT IN THE 
fHRLICH MOUSE ASCITES TUMOR CELL: THE EFFECT OF 


PYRIDOXAL. H.G. Hem ling, Dept. of Physiology, Cornell Univ. 
Medical College, N-Y., RLY. 

Pyridoxal has been shown by Christensen, Riggs, and their associ - 
ates to stimulate glycine transport in the Ehrlich mouse ascites tumor 
cell. One mechanism proposed is that pyridoxal increases potassium 
efflux which in turn stimulates glycine uptake. To test this hypothesis, 

um fluxes were measured with K47 in the presence and absence 
of pyridoxal during the uptake of glycine. Pyridoxal (I1mM) alone 
decreased both influx and efflux of potassium by an average of 35% 
rather than stimulated. The inhibition was absent if glycine (SmM) 
also was present. Glycine has been shown previously to stimulate 
steady-state potassium fluxes. Pyridoxal alone also decreased the ac- 
five net flux of potassium initiated by the transfer of cells from 20C 
to 20°C. Glycine, alone, also diminished the active accumulation of 
ium, in contrast to its stimulatory effect on steady-state fluxes. 
To explain the dual action of glycine on potassium fluxes, the hypothe- 
sis is proposed that during glycine transport potassium fluxes are di- 
verted from active transport to exchange diffusion. 


Physiology 


UPPER LIMIT FOR NUMBER OF SUGAR TRANSPORT SITES IN RED 
CELL SURFACE. Paul G. LeFevre. Med. Res. Cent., Brookhaven 
Nat.Lab., Upton, N.Y., and Sch. of Med., Univ. of Louisville, Ky. 
Because of the relative enormity of the aqueous compartments, 
no detectable sugar attachment at "carrier''-like sites on the human 
redcell surface would be expected in c14_glucose distribution studies 
wiless the sugar level were so low that glucose catabolism would con- 
fuse the measurements. The finding that the sugar transport system 
continues to operate at undiminished capacity even in severely de- 
pleted "ghosts" circumvented this difficulty, since such ghosts show 
no detectable residual glucose utilization. However, comparison of 
ghost suspensions with glucose at 50 mM and at 0.05 mM or less 
showed no measurable difference in the proportion of c14_glucose 
centrifugally removed with the ghosts. The maximum number of re- 
active sites which could have escaped detection in the most sensitive 
tests was on the order of 500,000 per ghost; this corresponds to about 
10 ymoles of sites per kg. of original cells, a figure of the same gen- 
eral order as has been suggested for some ion-transport sites. The 
corresponding minimum turnover at each site in full operation of 
glucose transport is about 500 per second. (Supported in part by the 
U.S. Atomic Energy Commission, and in part by the National Science 
Foundation and a USPHS Senior Research Fellowship. ) 





Physiology 


IONIC EFFECT ON ACTIVE TRANSPORT OF NON-ELECTROLYTES. 
1, 2, Csdky, University of North Carolina School of Medicine, 
Chapel Hill, N. C. 

The active transport of 3-0-cl4n,- lucose, L-tyrosine, 
DL-phenylalanine-2-C14 and uracil-2-cl4 was studied in the 
surviving small intestine of the frog by a method previously 
described (Csdky and Fernald: Amer, J. Physiol. 198, 445, 
1960), The tissue was suspended in a Ringer's solution in 
which chloride was replaced by sulfate, If in this medium 

was replaced by Lit or Kt the active transport of 
3-methylglucose was completely stopped, whereas the active 
transport of the amino acids and that of the pyrimidine were 
oly partially inhibited, The results confirm the previous 
findings about the absolute dependence of active sugar trans- 
port on Na ions (Csdky and Thale: J, Physiol. 151, 59, 1960; 
(sky and Zollicoffer: Amer, J. Physiol, 198, 1056, 1960) 
and indicate that this absolute dependence is a specific 
feature of the sugar transporting system, (Supported by 
stants from U. S, Public Health Service.) 
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CHOLINE ACETYLASE AND CHOLINE ESTERS IN FROG SKIN. D.C. 
Koblick.e Dept. of Physiol., Univ. of Calif., Berkeley, Calif. 
eineckate precipitates of acetone extracts of frog skin 
were redissolved and converted to chlorides. These were stud- 
ied chromatographically using a BuOHsEtOHs:HAcsH20 solvent sys- 
tem and visualizing with dipicrylamine, phosphomolybdate, hyd- 
roxamate and Dragendorff reagent. Three spots with R's 0.17- 

0.19, 0.52-0.36 and 0.66-0.71 were positive to all four vis- 
ualization procedures. Eluates of sections of parallel strips 
were tested for acetylcholine activity using an eserinised 
frog rectus preparation. Peak values were obtained for sect- 
ions corresponding to the above Rp's. When acetone-dried pow- 
der of frog skin was incubated in a medium containing ATP, 
CoA, Na citrate, cysteine, pigeon liver powler, and choline, 
the equivalent of 35-50 ugm of acetylcholine chloride was pro- 
duced per gram of powder per hour (frog rectus bioassay). 
When choline was omitted from the incubation medium the ace- 
tylcholine equivalence was less than 1 ugm/, oure The ma- 
terial responsible for the frog rectus activity is labile to 
alkaline hydrolysis. One hour at 100°C and pH 10 inactivated 
it. Storage at room temperature for four days resulted in an 
85% loss of activity. (Supported by a grant from the National 
Institutes of Health). 


Physiology 


ACTIVE TRANSPORT OF SULFATE BY FROG GASTRIC MUCOSA. 
C. Adrian M. Hogben. Physiology Department, The 
George Washington University School of Medicine, 
Washington, D. C. 

While it is known that the mechanism respon- 
sible for active transport of anions is relatively 
non-discriminating (Fed. Proc. 17:72, 
especial interest attaches to the reported trans- 
port of Ht without concomitant anion transport, 
when the gastric mucosa is bathed by $0,~ saline 
solutions (Biochim.Biophys. Acta 31:246, '59). 

The isolated electrically short-circuited bullfrog 
mucosa was bathed by identical HCOZ saline solu- 
tions in which C1™ was replaced by~S0,~. The SO,= 
fluxes were: serosa to mucosa 0.55 +,0.06_and 
mucosa to serosa 0.40 + 0.05 Eq. cm™2.hr-!. The 
net S0,= transported, 0.15, was not significantly 
greater, than the short-circuit current, 0.13 + 0.02 
WEq.cm*2.hr=!, The D. C. conductances were: CI~ 
saline (before) = 1.7 + 0.2; SO,4= saline (4 hrs.) 
= 1.6 + 0.1; Cl" saline (after) = 2.5 + 0.1 milli- 
mhos.cm"2, Clearly this divalent anion is active- 
ly transported, 


Physiology 


PHYSIOLOGICAL REPLICATION OF CHOLERA. R.A. Phil- 
lips, W. W. Walcott, Nobuhiro Kuzuo* and Saridiwongsa Wong- 
sathuaythong. * Naval Med. Res. Unit No. Two, Taipei, Taiwan. 

Previous studies by NAMRU-2 have shown that cholera 
produces an isotonic dehydration with excessive Kt and HCO3 
losses. We have attempted to replicate this dehydration by 
perfusing small, large and both intestines with solutions of 
varying electrolyte and colloid concentrations, since the dis- 
ease cannot be reproduced with regularity in animals by bac- 
teriological means. Perfusion rates of 100 ml/kg/hr were 
ineffective in producing more than mild dehydration. Sodium 
pump poisons added to perfusate did not accentuate dehydra- 
tion. Rapid perfusion with distilled water will wash out Nat 
in addition to Kt, Cl and HCO3 showing that the resorptive 
ability (Nat pump?) of both large and small intestine can be 
exceeded, while perfusion with sea water appears to show 
that Na‘ can be transported without the accompaniment of 
H20. However, by means of peritoneal dialysis it has been 
found possible to reproduce the isotonic dehydration, the Kt 
loss and the acidosis of cholera, thus providing a model for 
further study of the disease. (Supported in part by funding 
under Public Law 480). 
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INTRACELLULAR WATER AND ELECTROLYTE SHIFTS IN 
THE REPLICATION OF CHOLERA. W. W. Walcott, R. Q. 
Blackwell,* Takeyuki Monna* and R. A. Phillips. Naval Med. 
Res. Unit No. Two, Taipei, Taiwan. 

In severe dehydration one anticipates that water will be 
lost from all body compartments. On the other hand, it has 
been repeatedly shown that acidosis effects an increase in 
muscle cell water. NAMRU-2 studies have demonstrated that 
cholera produces a voluminous isotonic diarrhea, severe de- 
hydration, acidosis and a loss of 20-30% of available body 
stores of K* in the 3-4 days of diarrhea. Observations on 
muscle water foliowing severe isotonic dehydration plus aci- 
dosis have not been made. For initial rehydration in cholera 
it is important to know if muscle water has contributed to the 
diarrheal stool volume. Using techniques described in the 
previous paper (Phillips, et al), muscle water and electro- 
lytes have been determined before and after dehydration and 
acidosis have been produced. The calculations indicate a sig- 
nificant increase of water in the intracellular phase as the 
result of a cholera-like dehydration. (Supported in part by 
funding under Public Law 480). 








Biochemistry 


THE INFLUENCE OF IONS ON INTESTINAL SUGAR TRANSPORT. Ivan 
Bihler* and Robert K. Crane, Dept. of Biological Chemistry, 
Washington University Medical School, St. Louis, Mo. 

Aerobic active transport and anaerobic equilibration of 
sugars with in vitro preparations of hamster small intestine 
depend on the ionic composition of the medium. Active trans- 
port (accumlation against a concentration difference) re- 
quires Na ions in the medium bathing the mucosal surface. Li, 
K, Tris, Mg, Ca or mannitol do not replace Na. The active 
transport rate, the steady-state tissue levels of sugar and 
the exchange rate at the steady-state all depend on Na and 
increase almost linearly with Na concentration. Anaerobic 
entrance of ordinarily actively transported sugars is also 
Na-dependent and the anaerobic exchange rate at equilibrium 
increases with the medium Na level. In the absence of Na, the 
entrance rate of these sugars drops, aerobically and anaer- 
obically, to the slow, Na-insensitive entrance rate of sugars 
which are not actively transported. Phlorizin (0.0001 M) in- 
hibits both aerobic active transport and Na-dependent anaer- 
obic entrance. Dinitrocresol (6.0001 M) and strophanthidin 
(0.001 M) inhibit only active transport. No similar effect of 
anions was found. Active transport occurs with "impermeant" 
anions such as sulfate, ferrocyanide and iodomethanesulfonate. 
The data suggest that active transport has 2 components; both 
of which are Na-dependent, one of which is energy-dependent. 





Biochemistry 


RELATIONS BETWEEN UPTAKE OF FREE AMINO ACIDS BY CELLS AND 
THEIR INCORPORATION INTO PROTEIN. Thomas R, Riges and Lois 
Walker.* Dept. of Biol. Chem., The Univ. of Wok, Ann or. 
Protein anabolic hormones may act by increasing protein syn- 
thesis directly, or by elevating transport of free amino acids 
into cells, thereby increasing protein synthesis indirectly. 
Several hormones affect the uptake of the non-metabolizable 
amino acid, a -aminoisobutyric acid (AIB); but direct action on 
protein synthesis is not ruled out. To study this further, 
conditions were sought for study of 1) uptake of metabolizable 
amino acids in vivo, to confirm the suitability of AIB as a 
model; and 2) protein synthesis relative to uptake. Uptake ani 
incorporation of cl4 from L-valine and glycine were studied in 
vitro in Ehrlich mouse ascites tumor cells, and in vivo in mice 
and rats. Increasing the load of test amino acid reduced in- 
corporation much more than uptake. Distribution ratios for L- 
valine were maximal in 10-20 minutes, and then decreased; in- 
corporation of isotope was slower, and increased for several 
hours, In vitro, inhibitors of incorporation could be overcome 
by supplying energy. Uptake, however, could continue normally 
in the presence of energy inhibitors until cell K levels fell, 
Consequently, these inhibitors acted at once on incorporation, 
more slowly on uptake. Time relations between the two pro- 


cesses were therefore altered markedly by factors affecting in 
corporation, and had to be determined in order to study effects 
of agents on uptake of these two metabolizable amino acids, 
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Biochemisr, 

EFFECT OF INSULIN ON THE TRANSFER OF a-AMINOISOBUTYRIC 
Hitoshi Akedo* and Halvor N. Christensen. Dept. of Bi, 
Chemistry, University of Michigan, Ann Arbor, Michigan, 

Several characteristics of the transfer of a-aminoigo. 
butyric acid (AIB) were examined using rat diaphragm and jp 
testine. Manchester and Young (1960) have reported that 
insulin enhances the uptake of AIB and glycine into di 
but has no effect on several other amino acids. Their fini. 
ings have been confirmed and extended. Although AIB is tray. 
ferred rather slowly both into diaphragm and across intestin 
in vitro, our results show that the transfers occur not 
by diffusion but also by a carrier-mediated mechanism. Qy 
kinetic studies on the effect of insulin on AIB uptake by 
diaphragm show that insulin has no effect on the diffusion by 
only affects the carrier-mediated transfer. Various amino 
acids (L-valine, L-serine, L-methionine) inhibit AIB transfer 
both for diaphragm and intestine. In diaphragm this inhibj. 
tion was also observed in the presence of insulin. Our 
results indicate that the transfer of AIB into these tissy, 
has the same characteristics that apply to the naturally 
occurring amino acids, although for AIB diffusion seems to h 
a much larger component. These results also suggest that in. 
sulin modifies the shape of the receptor site to favor opti. 
cally symmetrical amino acids. (Supported by a grant from 
U. S. Public Health Service. ) 


Biochemistry 

ACTION OF PYRIDOXAL PHOSPHATE AND RELATED AGENTS ON UPTAKE ® 
AMINO ACIDS BY EHRLICH ASCITES CELIS. D. L. Oxender* and i, 
Royer.* Dept. of Biol. Chem., The Uniy. of Mich., Ann Arbor, 

A number of agents, usually at 10° to 10-4 M levels, stim 
late amino acid uptake by Ehrlich Ascites cells. Among thes 
compounds are certain aldehydes (pyridoxal, pyridoxal phogplay 
4-nitrosalicylaldehyde) and anions, They could act in one or 
more of the following ways: 1) by increasing the. number of » 
cessible carrier molecules; 2) by increasing the carrier 
affinity; or 3) by decreasing the loss of amino acid from the 
cell, either that occurring by free diffusion or by carrier 
mediation. We have studied pyridoxal and pyridoxal phosphate 
as examples of such agents. The failure of carbonyl reagents 
and Bg antagonists to inhibit amino acid uptake indicates 
these aldehydes probably are not directly involved as carrien, 
Studies also show little or no initial stimulation of uptake 
of most of the amino acids, However, the efflux of amino atii 
into solute-free media is slowed. This result indicates that 
either free diffusion or carrier-mediated exodus has been di- 
minished, The choice between these is currently under 
investigation. The attachment of pyridoxal phosphate to the 
cell by treatment with sodium borohydride at O°C. does not 
decrease amino acid uptake, but the treated cells are no long 


able to be stimulated by freshly added aldehyde, nor by estre 


diol disulfate, sons result supports a common reaction site 


Biochemistry 


UPTAKE OF G@-AMINOISOBUTYRIC actp-1-cl4 (ATB) BY RAT THYMIC 
LYMPHOCYTES. Melvin Blecher*A Einstein Coll. of Med., N.Y. 

AIB, added to resting suspensions of respiring lymphocytes, 
was not incorporated into cell protein and was recovered m- 
changed in acid extracts of cells. Entry of AIB was temper 
ture dependent and directly proportional to AIB concentra - 
tion (4 to 800 uM). Aerobically, cells concentrated AIB a- 
gainst ea 600% gradient. Uptake of AIB was decreased under 
but was restored to aerobic levels by addition of glucose. Ar 
obically, glucose alone or with insulin, was without influence 
on AIB entry; aerobically, thymic lymphocytes can respire att 
ively for many hours. In Vitro addition of malonate (37 mi), 
deoxycorticosterone (DOC, 0.5 mM), or 17-a-ethyl, 19-nortes- 
tosterone (ENT, 0.5 mM) to cells markedly inhibited uptake of 
AIB; cyanide (5 mM), 2,4-dinitrophenol (1 mM) and iodoacetate 
(5 mM) had smaller inhibitory effects, while cortisone and 
corticosterone (each, 0.5 mM) were without influence. Reil- 
cubation of lymphocytes, pre-labelled with AIB, in buffer le 
to release to the medium of 50% of the AIB; in the presence 
of DOC, 85 to 95% of cellular AIB was released. In vivo ai- 
ministration of DOC (5 mg per kg body wt) to rats, followed 
24 h later by injection of AIB, resulted, when determined 17 
h later, in decreased concentration of AIB by thyms, liver 
and skeletal muscle as compared to controls; diaphragm was ur 
affected. ENT increased uptake by liver, decreased uptake by 
thymis, and had no effect on mscle. ~ 
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Pharmacology 


piRsc? KEASURSHENT OF UPTAKE AND OUTGO OF rorassIUM*? IN THE 
100 HEART: EFFECT OF HEART RaTE, CORONARY FLOW AND 3-ACETYL-~ 
gMROFHANTHIDIN . G, Grupp, Dept. of Fharmacol,,Coll, of Medi- 
cine, University of Cincinnati, Ohio, 

In open-chest dog heart preparations (pentobarbital anes- 
thesia) the descending branch of the left coronary, artery 
yas perfused with blood from the carotid artery. Cl was 
constantly infused into this coronary blood supply, Radioac- 
tivity of the region of the anterior wall of the right and 
jeft ventricles, measured with an external scintillation 
probe, rose steadily, while systemic arterial radioactivity 
rnained low, After stopping the infusion of 2, radioacti- 
vity of the ventricles fell steadily, Changes of coronary 
flow influence exchange of K¥2 by altering the specific acti- 
vity of the verfusing blood, Coronary flow was therefore 
naintained constant by a finger pump, Mean perfusion pressure 
yas made equal to mean systemic arterial pressure, ‘levation 
of heart rate from 2 to 3,4 per second increased uptake or 
outgo of K42, a enna reduced uptake and 
jnereased outgo of 2, Increase of heart rate enhanced these 
effects, Cardiac irregularities vroduced by the glycoside 
further increased outgo of K42 , LSupported by FHS research 
grant H-4013(C2)]), 


Pharmacology 


THE EXCHANGE OF LARGE MOLECULAR WEIGHT COMPOUNDS BETWEEN CSF 
AND PLASMA. Arthur Rothman,* Emil J. Freireich,* James 

Gaskins ,* and David P. Rall, National Cancer Institute, Bethes- 
da, Md. 

"te an attempt to describe the kinetics defining the exchange 
of large inert molecules between plasma and cerebrospinal fluid 
(SF), the entry of C14 labelled inulin and 77,000 molecular 
weight dextran into cerebrospinal fluid was studied in nephrec- 
tomized dogs. Although the steady state ratios of drug in CSF/ 
drug in plasma were increased when CSF was repeatedly sampled 
in the first 24 hours, an approximate 1/2 time of entry was ob- 
tainable. For inulin this was 18 hours and for 77,000 M.W. 
dextran this was 24 hours. The steady state ratios were 7% and 
6% respectively in these experiments. When the first CSF sam- 
ple was obtained after at least 24 hours after drug adminis- 
tration the steady state ratios were about 3.5%. To test the 
hypothesis that these compounds leave the CSF by bulk flow, 
the effect of acetazolamide, which should reduce the rate of 
formation of CSF, on the steady state ratios was tested. In 
each instance the steady state ratios were increased 50 to 
100% by the carbonic anhydrase inhibitor. 


Pharmacology 


ThE EFFECT OF CARDIAC GLYCOSIDSS UFON POTASSIUM EXCHANGE OF 
THE DOG SUBMAXILLARY GLAND, Jyens A, Siegel,* Dept, of 
Fharmacology, College of Medicine, Univ, of Cincinnati, Ohio, 
Saliva was collected from a cannula inserted into Wharton's 
duet, Adequate doses of ouabain or acetyl-strophanthidin 
injected into the blood supply of the resting gland caused a 
secretion of saliva, Intra-arterial injection of glycoside 
followed by maximal stimulation of the chorda tympani resulted 
ina rise and prolongation of the concentration of potassiun 
initially secreted, The steady, low potassium concentration 
of saliva produced by prolonged stimulation of the nerve was 
also increased by the glycoside. When K42cl was infused at 
constant rate into the isolated arterial blood supply of the 
gland and the radioactivity was measured continuosly with 
an external probe, doses of glycoside which yielded a 
secretory response in unstimulated glands either decreased 
the rate of a2 uptake as compared with the control period 
or reversed it to a loss, Part of the diminished K4 uptake 
can be attributed to secretion into the collected saliva, 
This cannot account for all of the loss, as a decreased rate 
of uptake was still noted when the salivary cannula was 
Oceluded or when doses of glycoside insufficient to elicit 
a secretory response were administered, (Supported by PHS 
training grant HTS-5280). 
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EFFECT OF HYPOPHYSECTOMY ON THE ACTIVE INTESTINAL TRANSPORT 
OF URACIL EN VITRO. John J. Jeffrey* and Lewis S. Schanker. 
Natl. Insts. of Health, Bethesda, Maryland 

Earlier studies have shown that uracil and several other 
pyrimidines are actively transported across the intestinal 
epithelium. This report concerns the effect of hypophysec- 
tomy on the transport process. Sacs of everted small intes- 
tine (20 cm long) from hypophysectomized and normal male rats 
(140 g) were filled with Krebs-Henseleit-glucose solution 
containing 0.02 mmol of uracil-2-cl per 1. The sacs were 
suspended in the same medium and incubated at 37°C for 1 hour. 
The ability of the intestine to transport uracil, from muco- 
sa to serosa, against a concentration gradient was increased 
by 250 % in hypophysectomized animals. The increase was ob- 
served between 8 and 23 days after removal of the pituitary, 
but was not apparent 3 days after hypophysectomy. Since the 
rate of passive transfer of uracil was not altered by hypo- 
physectomy, the increase in the serosal/mucosal concentration 
ratio is not the result of a decreased rate of passive back- 
diffusion of uracil. The increased uracil transport after 
hypophysectomy was not <lue to a decline in plasma glucocor- 
ticoids, for administration of ACTH to hypophysectomized rats 
did not lover the increased transport. Moreover, adrenalec- 
tomy of normal rats had no apparent effect on the active 
transfer process. 


Pharmacology 


STARVATION-INDUCED INCREASE IN ACTIVE INTESTINAL TRANSPORT 
OF URACIL IN VITRO. Lewis S. Schanker and John J. Jeffrey*. 
Natl. Insts. of Health, Bethesda, Maryland 

The effect of starvation on the active transport of uracil 
across the intestinal epithelium was investigated in the male 
rat. Animals fasted 1 to 4 days but allowed free access to 
water were decapitated, and the small intestine was removed, 
Sacs of everted intestine, 20 cm long, were filled with 
Krebs-Henseleit solution containing 1 g of glucose and 0.02 
mmol of uracil-2-cl4 per 1. The sacs were suspended in the 
same fluid and incubated aerobically at 37°C. After 1 hour, 
the mucosal and serosal solutions were collected and the 
concentration of uracil measured. The ability of the intes- 
tine to transport uracil, from mucosa to serosa, against a 
concentration gradient increased progressively during 4 days 
of starvation. The most marked increases occurred after the 
second and third days when the serosal/ tration 
ratio was increased by 300 and 550 % respectively. After 4 
days, the gradient rose to 600 % of the value of fed rats 
and appeared to approach a maximum. The increased concen- 
tration gradients are not the result of a decrease in the 
rate of back-diffusion of uracil, since the rate of passive 
transfer of the pyrimidine is increased in starved animals. 
The enhancement of active transport disappeared when starved 
animals were returned to a normal diet. 





Pharmacology 


UPTAKE OF 5-HYDROXYTRYPTOPHAN BY BRAIN AND ITS INHIBITION BY 
CERTAIN AROMATIC AMINO ACIDS. S. Me. Schanberg*, C. A. Mci lroy* 
and Ne. Je Giarman. Dept. of Pharmacol., Yale Med. Sch., New 
Haven, Conn. 

A facilitated transport of 5-hydroxytryptophan (5-HTP) by 
slices of rat's brain has been established by Schanberg and 
Giarman (Biochim. Biophys. Acta, 41:556, 1960). A study of 
this phenomenon in slices of sub-cortical nuclel and other 
brain regions of the cow, rabbit and rat was carried out. in 
general, those areas known to be rich in serotonin (5-HT) and 
5-HTP peterednng hig: | activity were found to be most active in 
concentrating I-C'"-5-HTP from the medium, e.g., the caudate 
nucleus, amygdala, and hippocampus. Exceptions to this were 
found in the medulla and pineal body. A large number of 
agents known to alter the metabolism of 5-HT or brain metabo- 
lism in general failed to change the transport of 5-HTP into 
slices of rat's brain. By contrast, a striking Inhibition of 
this transport was demonstrated by the amino acids, L-trypto- 
phan, L-tyrosine, and Di-dihydroxyphenylalanine (DOPA). This 
correlated well with the finding that administration of large 
doses of DL-tryptophan to rats leads (in 15-36 hours) to a 
reduction in the whole brain level of 5-HT. It was of interest 
that other amino acids (phenylalanine, a-methy! DOPA, glutamic 
acid and y-aminobutyric acid) did not Influence uptake of 
5-HTP. (Supported by U.S.P.H.S. grant 8-940). 








Pharmacology 


STUDIES ON A BACTERIAL MUTANT DEFECTIVE IN THE TRANS- 


PORT OF PROLINE. D. Kessel*and M. Lubin, Dept. of Pharma- 
cology, Harvard Medical School, Boston, Massachusetts. 
The isolation of a proline auxotroph (W-157) of Escherichia coli 


specifically lacking the ability to concentrate proline from the med- 
ium has been reported (Biochim. biophys. Acta. 42:535, 1960). Both 
the parent proline auxotroph (W-6) and W-157, filled in the presence 


of chloramphenicol to an internal proline level of about 500 micro- 


grams/ml of intracellular water-space, lose proline from the cells 
into a glucose-salts medium at 37°C at equal rates. Most of the pro- 


line is lost with a simple exponential time course (half-time 5 to 10 


minutes). Furthermore, after incubation in unlabelled proline, a 
large net increase in pool size is shown in W-6 but not W-157. 
Lastly, at 0°C, with only 1 microgram/ml of C-14 proline in the 
medium, a proline pool in W-6 of about 100 to 150 microgram/ml 


becomes fully labelled in less than 10 minutes. A comparable inter- 


nal pool in W-157 remains nearly unlabelled for at least 60 minutes 
We conclude that mutant strain W-157 lacks a transport mechanism 


responsible for proline pool formation at 37°, and involved in proline 


exchange across the cell membrane. (Supported by grants from 
USPHS, RG-6712, SF-83, and National Science Foundation, 
G-12978.) 
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Physiology 


THE SODIUM EFFLUXES FROM MUSCLE. Le Je Mullins and A. S. 
Frumento*, Department of Biophysics, University of Maryland 
School of Medicine, Baltimore, Mi. 








It is usually supposed that the efflux of Na* from frog sar- 
torius can be divided into 3 components, viz. passive diffusion 
exchange diffusion, and actively transported Na*. It is the pur- 


pose of this study to characterize these components. Muscles 
loaded with Na 


were given a long soak in Ringer where Tris* 


replaced all Na*; these experimental conditions eliminated all 


exchange diffusion and the resulting efflux vs. time curve 


showed a marked non-linearity when plotted semilogarithmicall 
in confirmation of the findings of Keynes and Swan. When [Na* 


is quite low, the rate constant for efflux becomes constant, 


iH 


suggesting that efflux is now related to [Na*], in a linear way. 
With a ouabain poisoned mscle, the efflux-time curve is of the 
same shape as for normal muscles but declines more rapidly with 


time. Under such conditions, Na+ efflux appears to be a 6th 


power function of Na* concentration inside. The results suggest 


that at least part of the non-linearity of the efflux curves 


may be related to a decline in the activity of the Na-pump and 


possible to a concomittant increase in of the membrane. 


Anomalies of the exchange diffusion mechanism will be discussed 


in connection with a membrane model. 


Physiology 


4 METHOD FOR MEASURING MEMBRANE POTENTIaL OF INTRACELLULARLY 
PERFUSED SINGLE SKELETAL MUSCLE FIBERS. Philip W. Davies. 
The Johns Hopkins School of Medicine, Bal re, ° 
By means of a triple concentric pipette system it has 

proved possible to measure the membrane potential of single 
frog sartorius muscle fibers while carrying on an intrace]lu- 
lar perfusion of the region whose potential is being measured 
The outside diametere of the pipette tips are of the order of 
25, 13 and 7 micra, respectively, of which the outer one is 
sharpened for easy longitudinal impalement of the 80 p fibers 


A mimte stream of insulating isotonic sucrose solution direo- 
ted locally against the impalement site by an external pipette 


prevents short cirouiting between inside and outside of the 
fiber. After insertion of the pipette system the inner and 
middle pipettes are extended into the sarooplasm under inde- 
pendent control, the inner pipette extending as far as 1000 p 
beyond the tip of the outer pipette. Perfusion solution en- 


ters from the middle pipette and leaves via the outer pipette. 
The middle pipette also serves for measuring the intracellular 


potential. The outer and inner pipettes are used for injec- 
ting guard ourrents, if needed, to insure that the potential 
of the treated region is being measured at sero membrane our- 
rent. Under perfusion with unbuffered solution containing 


43 mM Na, 75 mi K, 3 mM Cl and 115 mM glutemate (to resemble 
“normal” internal conditions), and with unbuffered Ringer's 
outside, the uncorrected membrane potential is roughly 95 mV 


5 mimt which it deol teadi 
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Physiology 
POTASSIUM FLUX IN HEPATOMAS AND NORMAL LIVER. Edward Ww, 
Humphrey* and John A, Johnson, Minneapolis Veterans Hospital 
and University of Minnesota. 

Slices of rat liver and 2-4 dimethylaminoazobenzene Pro. 
duced hepatomas were incubated in Warburg flasks containing , 
Krebs-Ringers solution, After 80 minutes of incubation, me 
contained in the side-arm was tipped into the solution ang the 
incubation continued for varying periods of time.With a potas. 
sium concentration of 2.5 mEq/L in the incubation fluid, the 
tissue potassium concentration of liver slices fell to 27,94 
of the pre-incubation level at the end of 15 minutes, but then 
increased to 64.4% at the end of 70 minutes. This level was 
maintained for at least 200 minutes. Hepatoma slices in the 
same incubation fluid lost potassium to a level of 56.4% of 
the control at 15 minutes and then regained it to 88.2%. Frm 
the K42 equilibration curves, the total potassium flux ina 
2.5 mEq/L solution was calculated as 16.4 p moles/cm2/sec for 
liver, and 11.8 p moles/cm2/sec for hepatoma, This differen 
increased with increasing K* concentrations in the incubation 
fluid. The rate constants and intercompartmental fluxes were 
calculated using both a series and a parallel model. The in. 
tracellular diffusion constant for a solution of 2.5 mEq of # 
per liter was 7.9 x 10711 om2/sec for liver and 2.2 x 10-11 
em2/sec for the hepatoma slices. (Supported by Public Health 
Service grant C4417). 


Physiology 
FFFFCT OF SODIUM RFPLACFMFNT BY GUANIDINE AND HYDRAZINF ON 
FROG SKIN CURRFNT. T. Hoshiko. Dept. of Physiology, Vestem 
Reserve Univ., Cleveland, Ohio. 

The outward facing or epithelial surface of frog skin has 
been shown to be selectively permeable to sodium. This sodi- 
um selectivity has been likened to that of conductile mem- 
brane of nerve and muscle at the peak of the action potential, 
Many nerve and muscle membranes have been shown to exhibit 
action potentials wien external sodium was replaced by guani- 
dinium, hydrazinium and tetraethylammonium (TFA) ions. The 
sensitivity of the outer surface of isolated frog skin to re- 
placement of sodium by these organic cations was studied. 
Sulfate was used as the anion in all solutions, and phosphate 
was used to buffer the solutions to pH 6.2. Both short cir 
cuit current and open circuit potential decreased when the 
sodium in the outside bathing solution was replaced with 
either guanidinium or hydrazinium ion. The fall in current 
and potential were equivalent to that following sodium replace 
ment with potassium in the outside solution. Replacement of 
sodium with TFA led to a drastic fall in short circuit cur- 
rent. Moderate replacement of sodium with either hydraziniun 
or guanidinium in the inside or corium bathing solution had 
effect on current or potential. The sodium selectivity of the 
outside surface of frog skin appears somewhat different from 
the selectivity of active nerve or muscle membrane. 


Physiology 

NARCOSIS OF PARAMECIA WITH XENON. D. F. Sears* and S. M. 
Gittleson* Tulane Medical School, New Orleans, Louisiana. 

Narcosis by chemically inert gases under pressure has been 
observed in systems where synaptic transmission was involved, 
but has never been observed unequivocally in single cells, 
i.e., in the absence of synapses. We have found that pres- 
sures to 1000 pounds per square inch (p.s.i.) of argon, nitro- 
gen, or helium have little effect on movement of paramecia. 
However, at less than 250 p.s.i. xenon produces changes in 
movement and cell structure and finally narcosis of these 
organisms. This demonstrates that inert gas narcosis can 
occur in single cells. Apparent expansion of portions of the 
cell border brought about by xenon lends some support to the 
theory advanced by R. J. Goldacre (Soc. Exp. Biol. Symposia 
VI) that narcosis is an expansion of the cell membrane due to 
the presence of the narcotic agent dissolved in it. (Supported 
by U.S.P.H.S. Grant RG-5713 and the Linde Company of Tonawanda, 
N. Y.) 
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Physiology 


CATION FLUXES IN BUTANOL TREATED ERYTHROCTES. J. W. Green* 
and Guy Bond*, Rutgers University New Brunswick, N. J. 

on exposure of washed rabbit or. human red cells to 0.4 M 
putyl alcohol at 14° or 10° respectively for 20 min. in 
isotonic phosphate buffered NaCl at pH 7.4 there is a net 
gain of Na of 10-30 meq/1. cells and a net K loss of 10-20 
geq/1. cells. When the butanol solution is replaced with 
buffered NaCl containing K and glucose and the cells incubated 
at 37° for periods up to 24 hrs. there is generally a reversal 
of these cations, a net Na loss and K gain in both species. 
incubation of rabbit or human red cells with K42 immediately 
following butanol exposure and removal revealed an influx 
1-3 times greater than in non-butanol treated cells. After 
3hrs. of incubation at 37° C. in glucose, K enriched medium 
the K influx had returned to opgeeninataly control values. 
ya influxes as measured with Na“*+ were 3-4 times control 
values after butanol treatment and with 3 hrs. of incubation 
had not returned to control levels. Since this concentration 
of butanol had no influence on glycolysis in these species, 
these experiments indicate that the increased cation exchange 
brought about by butanol is partially corrected by its re- 
moval and also be cell glycolysis. (Supported by a grant 
from U.S.P.H.) 


Physiology 
SURFACE TITRATION CURVES OF MOUSE ASCITES TUMOR CELLS. 


Hubert Re Catenpores Milton B. Ege and Norman R. Joseph. 
nts o ology, cs > ago 
Professional Colleges, Chicago 12, Ill. 

Tor cells of a given suspension were pipetted in 1 ml 
wots into 6 plastic tubes, brought to 6 ml with .15 M NaCl 
and centrifuged at 340 g for 7 minutes. The supernatant 
fluid was decanted and the cells re-suspended by adding 5 ml 
of buffer at 6 pHs from 7.) to 2.2, and again centrifuged as 
above. A pinhole was made in the bottom of each tube and the 
exposed cell surface immersed in a buffer corresponding to the 
abient fluid. Liquid junctions were made and a baseline 
potential read (E,), The outside buffer was replaced by 
s015 M NaCl and a second potential read (E,). The difference, 
ky is the displaced Donnan potential which is ‘related to the 
colloidal charge of the cell surface. The negative colloidal 
charge at pH 7.4 is about 50 mEq/kg water. This decreases 
gradually as the pH is lowered to 2.9, but falls steeply 
between 2.9 and 2.2, which is near the isoelectric point. The 
titration curve was affected by cations (Mg and arginine) and 
mions (succinate and fluoride) indicating binding by cell 
surface colloids. The cell surface appears to be in 
equilibrium with anions and cations of the ambient fluid. 
(Supported by USPH Grants, D 1147 and A 968¢)) 


Biochemistry 


COMPOSITION OF SARCINA LUTEA PROTOPLAST FRACTIONS. John W. 
Brown,* Biochemistry Department, University of Louisville 
School of Medicine, Louisville, Ky. 

As a basis for investigations of the metabolic capabilities 
of Sarcina lutea protoplasts, we have attempted to define the 
general composition of fractions obtained by centrifugation 
(20,000 x G) of lysates of these organisms. The particulate 
fraction (considered by some investigators to correspond to 
the bacterial cytoplasmic membrane) contained protein (40%) 
and lipid (29%) but little RNA. About 20% of the total DNA of 
the protoplast was associated with this fraction. Its hexos- 
amine content was considerably above that reported for similar 
Preparations from other bacteria. Further investigation re- 
vealed that this was but one ramification of the general 
obeervation that particulate fraction obtained by direct lysis 
of whole bacteria differsquite markedly in chemical composi- 
tion from that obtained by lysis of protoplasts. The super- 
Natant (cytoplasm) fraction was found to contain protein 
(49%), lipid (22%) and most of the nucleic acid of the organ- 
ism, Analysis of this fraction in the ultracentrifuge demon- 
strated components with sedimentation coefficients (S,,) of 
37, 26, 8 and 4. Supported by grants from USPHS (48368) and 
NSF (#83919). 





143 


Biochemistry 


ON THE MECHANISM OF CELLULAR DESTRUCTION CAUSED BY FREEZING. 
Henry A, Sloviter. School of Med., Univ. of Pennsylvania, 
Philadelphia, Pa. 


It has been proposed that the presence of glycerol (or 
other compounds) in an erythrocyte suspension prevents lysis 
of the cells when the suspension is frozen because the gly- 
cerol retains water in the unfrozen fluid phase and thus 
prevents the concentration of electrolytes from becoming high 
enough to denature the proteins of the cells (Biochem. J. 56: 
265, 1954). If this proposal is correct, then the optimal os- 
molar concentration should be the same for any protective 
agent. In the present experiments, it has been found that the 
molar concentration of polyethylene glycol which is required 
to protect against lysis of cells is only one-tenth of that 
which is necessary with glycerol and other monomers. Also, 
since the polyethylene glycol does not penetrate the erythro- 
cyte, it has been possible to perform freezing experiments on 
erythrocytes suspended in a medium which contains no electro- 
lyte. At -20° where the rate of hemolysis is high, less hea- 
olysis occurs in the presence of electrolyte than in its ab- 
sence. At -40° where the rate of hemolysis is low, the hem- 
olysis is the same in both cases. These results suggest that 
the direct effects of the formation of ice, rather than high 
electrolyte concentrations, are responsible for the destruct- 
ion of the cells. 


Pharmacology 


K TRANSPORT AND MECHANICAL RESPONSES OF ISOLATED LONGITUDINAL 
SMOOTH MUSCLE FROM GUINEA PIG ILFUM. G B. Weiss”, Robert 
E. Coalson* and Leon Hurwitz, Depts. of Pearascclany ani 
Enatomy, Vanderbilt Univ., Nashville, Tenn, 

The longitudinal smooth muscle layer of the guinea pig 
ileum was isolated in order to investigate its contractile re- 
sponses and unidirectional K42 fluxes, Pilocarpine (7.5 x 
10-6 M), acetylcholine (6.6 x 10-6 ¥) and an isotonic potas- 
sium Tyrode's solution were employed as excitatory agents. 
Cocaine (8,5 x 10-4 M) and a calcium-free Tyrode's solution 
served as inhibitory agents, Both smooth mscle tone and po- 
tassium effiux of this relatively pure tissue were increased 
by all three excitatory substances. Moreover, acetylcholine 
and pilocarpine produced a decrease in the influx of potassium 
ion. Bathing the tissue in a calcium-free medium for one hour 
before introduction of pilocarpine eliminated the contractile 
responses ordinarily pee by this drug, but did not dimin- 
ish the increase in K42 efflux, These observations are quali- 
tatively similar to results previously obtained in analogous 
experiments on isolated whole ileum, In addition, cocaine 
(8.5 x 10-4 M) was found to block the pontractile response and 
about three-quarters of the enhanced K' 2 efflux elicited by 
the isotonic potassium solution. It is presumed that cocaine 
acting at the membrane impedes ion fluxes important for smooth 
muscle contraction. 


Pharmacology 


STUDIES ON THE STABILIZATION OF PROTOPLASTS BY SPERMINE. C. 
W. Tabor, Natl, Insts. of Health, Bethesda, Md. 


Previous studies (Mager, J., Biochim, Biophys, Acta, 36: 


529 (1959); Tabor, C. W., Biochem, Biophys. Research Communs., 
2:117 (1960)) demonstrated that spermine and spermidine have 

a stabilizing effect on protoplasts of E, coli. Using proto- 
plasts formed by the lysozyme-Versene procedure of Repaske, we 
have demonstrated that added C+4-spermine is taken up from the 
medium, Repeated washings with distilled water do not re- 
lease most of the incorporated spermine. Similarly, if the 
protoplasts are stored in 10-3 M spermine - 0.5 M sucrose, 
they do not lyse even when repeatedly resuspended in distilled 
water. This osmotic stability is reflected in the recovery of 
a larger percentage of protoplasts as viable cells in the 
presence of spermine than in its absence. With protoplasts 
formed by penicillin treatment, spermine does not maintain 
viability although it prevents osmotic fragility. In contrast 
to these results, the addition of spermine to the E. coli be- 
fore the lysozyme-Versene treatment prevents the formation of 
osmotically fragile spheres, suggesting that spermine inhibits 
lysozyme activity. This is similar to the recent report of 
Brown (Biochim, Biophys. Acta, 1j:178 (1960)) that spermine 
inhibits the intrinsic lysozyme activity of a cell wall 
fraction of a Gram-negative marine bacterium. 








144 


Pharmacology 


TRANSFER OF SUGARS FROM CEREBROSPINAL FLUID (CSF) INTO BLOOD. 
Leon D. Prockop*, Lewis S. Schanker, and Bernard B. Brodie. 
Natl. Insts. of Health, Bethesda, Maryland 

The results of the present study indicate that despite the 
negligible transfer of inulin from blood to CSF, the sub- 
stance passes out of CSF into blood at a rapid rate. Five 
ul of a solution of inulin-carboxy1-c14 was injected into a 
lateral ventricle of anesthetized rabbits, the injection 
needle fixed in place, and urine collected for 6 hours. The 
inulin moved rapidly toward the subarachnoid space, appear- 
ing in the cisterna magna within 5 minutes. Inulin was de- 
tected in urine within 1 hour, and 52 % of the dose was ex- 
creted in 6 hours. Sucrose-c!4 and mannitol-C*", studied in 
the same manner, also appeared in urine within 1 hour; 38 % 
of the sucrose and 23 % of the mannitol were excreted in 6 
hours. The rates of urinary excretion of the substances ad- 
ministered intravenously in micro amounts ranked in the same 
order as that observed after injection into CSF, inulin>su- 
crose>mannitol, indicating that the rates of exit from CSF 
may be similar for the 3 compounds. In any case, the ready 
exit from CSF of large, lipid-insoluble molecules suggests a 
rapid filtration of fluid from CSF to blood across a highly 
porous boundary possibly located at the arachnoid villi. 





Pharmacology 


DIFFERENTIAL CHANGES IN THE PERMEABILITY OF ISOLATED 
MESENTERY TO THREE SOLUTES W.0O. Berndt* and R.E. Gosselin, 
Department of Pharmacology and Toxicology, Dartmouth Medical 
School, Hanover, New Hampshire. 

Equations of vassive diffusion describe adequately the 
passage of Rb°’ cations through isolated rabbit mesentery in 
the absence of electrochemical and hydrostatic pressure 
gradients (Fed. Proc. 19 (1): 136, 19%0). A double-tracer 
technique has been employed to extend these observations to 
creatinine (chemically determined) and to P 2 orthophosphate, 
each of which was measured at the same time as the Rb©© flux. 
For P32 as well as for Rb86, the kinetics of passive diffusion 
were demonstrated; the same was assumed to be true for 
creatinine. Permeability constants (K) determined at 38° C. 
averaged 0.042, 0.026, and 0.022 cm./sec. for Rb&6, 
creatinine, and P32 respectively. Between 38° and 28° C. the 
K for P22 decreased most and for Rb86 least (Q 0 = 2-1 for 
p32, and 1.6 for Rb®6). Histamine increased the perme- 
ability to both ions, to Rb“ more than to p32, With 
5-hydroxytryptamine the K for Rb&6 rose markedly but the 
constant for P22 was unaffected or even fell. Conversely 
the antidiuretic hormone increased the P22 flux while 
reducing the Rb@© flux. (Supported by PHS research grant 
RG 5145). 
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Physiology 


ULTRACENTRIFUGAL STUDIES OF MICROSOMES FROM GROWING AND BUD- 
DING YEAST. Allan L. Louderback*, Otto H. Scherbaum, and 
Theodore L. Jahn. Dept. of Zool., UCLA, Los Angeles, Calif. 

Cultures of Saccharomyces cerevisiae (strain 25.8) contain 
less than 6% budding cells in the early stationary phase of 
growth. Such cultures were inoculated into fresh medium and 
exposed to temperature cycles (25 min at 33°C and 5 min at 
49.5°C) for 6 hrs. The treatment allows each cell to bud 
once; growth of the cells is not blocked. This results in for- 
mation of paired enlarged yeast cells. Microsomal particles 
were isolated from these growing but non-dividing cells. A 
characteristic sedimentation pattern was observed: 1) Sta- 
tionary phase: one peak (88S); 2) After heat treatment: one 
peak (92S); 3) Logarithmic growth: two peaks (85S and 66S). 
The stability of these patterns was studied in various buffers. 
Upon omission of Mg*ions from the suspension medium, the sam- 
ples from the log and stationary cells could be split into 3 
components; however the microsomal peak in the heat treated 
sample was unchanged. Upon removal of a soluble protein-RNA 
peak, the decomposition into three peaks takes place in all 
samples, irrespective of their origin. It is concluded that 
characteristic sedimentation patterns of ribosomal particles 
can be correlated with induced division inhibition resulting 
in paired enlarged cells in almost the whole culture. (Sup- 
ported by grants RG-6)61 from USPHS; G-9082 from NSF.) 
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Biochemistry 

THE USE OF BENTONITE IN THE PURIFICATION OF RIBONUCLEOPROTEIN, 
Mary L. Petermann and Amalia Pavlovec*. Sloan-Kettering 
Institute for Cancer Research, New York 

When ribonucleoprotein (RNP, or ribosomes) was treated with 
deoxycholate, the final product was stable, and showed a sin- 
gle electrophoretic boundary (J. Biol. Chem. 235, 1998, 1960), 
By contrast, RNP purified only by sucrose gradient centrifuga- 
tion and washing in 0.001 M potassium phosphate, 0.0005 M 
MgCl>, at pH 7, still complexed extra protein. This protein 
could be washed away by buffers of ionic strength 0.1, at 
pH 8, but the RNP was frequently unstable, so the yield was 
very low. Bentonite was therefore used, to inhibit ribo- 
nuclease (H. Frankel-Conrat, Amer. Chem. Soc., September 
1960). Fisher U.S.P. bentonite was equilibrated with the 
pH 7 buffer, and only the fraction sedimenting between 6,000 
g. for 10 minutes, and 20,000 g. for 15 minutes, was used. 
The tumor homogenate, in 0.2 M sucrose, was centrifuged at 
6,000 x g. for 25 minutes to remove nuclei, mitochondria, etc, 
Two mg. of bentonite per ml. was added to the supernatant, and 
centrifuged off after stirring for 15 minutes. The pellets 
contained little RNP, but had adsorbed much of the basic pro- 
tein, such as cytochrome, which usually complexes with RNP. 
The RNP could be purified by washing at pH 7 or 8. The yields 
were good, and because of the preliminary removal of basic 
protein, fewer washes were needed. 





Biochemistry 
SOME PROPERTIES OF BEEF PANCREAS RIBOSOMES, J, T_ Madison™ 
and S, R, Dickman, Department of Biological Chemistry, Univ, 
of Utah, College of Medicine, Salt Lake City, Utah, 

Beef pancreas was homogenized in 0.25 M sucrose and the 
microsomal fraction isolated by differential centrifugation, 
The pellet was suspended in 1073 M potassium phosphate, pH 7,8, 
and deoxycholate added to 0,5%, The ribosomes were sedimented, 
washed and resuspended in dilute phosphate at 2°, The washed 
particles contain approximately equal amounts of protein and 
RNA, Freshly isolated ribosomes in the analytical ultra- 
centrifuge sedimented as one major component (90%) with a 
sedimentation coefficient of 80S, The stability of the 
particles was studied in the ultracentrifuge and by measure- 
ment of the absorbance at 260 m (A2é0), Ir contrast to liver 
ribosomes the pancreatic particles were aggregated by 10% M 
Mg**, 5 x 10°3 M ethylenediaminetetraacetate, or by an 
increase in the ionic strength, Pancreas ribosomes were 
stable for 24 hours at 2° but aggregated in 90 mimttes at 25° 
or in 10 minutes at 37°, Under these conditions two-thirds of 
the RNA became non=-sedimentable and the A260 of the suspension 
increased by 30% over the 2° control (hyperchromic effect), 
The presence of an antiserum to ribonuclease or of r% 10% 
M, prevented the hyperchromic effect at 25°, These results 
suggest that ribonuclease is one of the important factors 
= ributing to the instability and aggregation of pancreatic 
ribosomes, 


Biochemistry 
ENZYMES ASSOCIATED WITH RIBOSQMES. W. Warren* and 


D. Goldthwait, Biochem. Dept., Western Reserve U., Cleveland 


Enzymatic activity is associated with ribosomes. The 
assumption is made that residual activity of the enzymes mea- 
sured is from protein newly synthesized on ribosomes rather 
than from adsorbed protein. Yeast ribosomes have triose phos- 
phate dehydrogenase (TPD) activity. Four successive washes 
in 5 x 10-> M phosphate, 10-3 M MgCl, by centrifugation at 
105,000 x g decreased TPD activity from 6.1 ymoles/min/mg RNA 
to values of 4.3, 2.9 and 2.2. To washed ribosomes, TPD was 
added. TPD activity/mg RNA, after the second wash, was never 
higher than the control, ruling out adsorbtion during isolation. 
Antibody to crystalline TPD, when reacted with yeast ribosomes, 
precipitated approximately 4% of the RNA at the equivalence 
point, while the reaction with egg albumin and its antibody pro- 
duced no increased precipitationover controls. This immuno- 
logical method might be used in the investigation of specific 
template RNA. Alkaline phosphatase (AP) activity associated 
with unrepressed E. coli ribosomes was approximately 0.02 
pmoles/min/mg RNA after the 2nd, 3rd, and 4th washes. After 
addition of AP to washed ribosomes and 2 subsequent washes, 
activity was similar to controls. Ribosomes from repressed E. 
coli contained no detectable AP by the assay used for the unre- 
pressed ribosomes. Assuming enzyme activity is not due to ad- 
sorbtion, the repression must occur at a point prior to release 
of active enzyme from the ribosome. 
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Biochemistry 
ROLE OF MICROSOMES IN DECLINE OF OXIDATION IN VIT. E-DEFICIENT 
wat LIVER HOMOGENATES. LL.M. Corwint National Institutes of 
jealth, Bethesda 14, Maryland : 
Vit. E-deficient rat liver homogenates cannot maintain oxi- 
dstion of certain substrates for 1-1/2 hours. Mitochondria 
from these homogenates, however, are capable of oxidation with 
little decline. Fractionation of the se by centrifue 
into mitochondria (Mt), microsomes (Mc), and supernatant 
(6) revealed that the presence of Mc was required for maximm 
decline of oxidation. Thus with Mt, oxidation of mketoglu- 
terate declined 26%, and with Mt+S, 22%. Adding Mc to these 
combinations gave declines of 86 and 764, respectively. Boil- 
ing Mc for 5 min. prevented the effect on decline. Treating 
Me with EDTA and then dialyzing vs. sucrose had no eff on 
the Mc, despite the fact that at concentrations of 3x10, 
ETA decline in homogenates. Mg (II), Cu (II), and 
Ca (II) complexes of EDTA protected homogenates in the same 
concentrations as EDTA alone. The Co (II), Zn (II), and Fe({Il) 
complexes had no protective effect at three times the concen- 
tration. When Cd, Cu, Hg, or Zn ions were added to a Mt+S 
in proper concentrations, a decline of oxidation occurred 
which could be prevented by vit. E. A similer decline was seen 
vith AMP, ADP, or ATP, also preventable by vit. E, EDTA, and 
the effective EDTA complexes. Mn (II) ions prevented decline 
in homogenates, as did Al ions at higher concentrations. 


Biochemistry 


A MICROSOMAL ADENOSINETRIPHOSPHATASE IN EHRLICH ASCITES 
CARCINOMA CELLS. Donald F. Hoelzl Wallach” and Donna Ullrey*- 
Harvard Med. School, Boston, Mass. 

The microsomes obtained from Ehrlich ascites carcinoma 
cells contain a potent adenosinetriphosphatase. 100 mg (ary 
weight) of microsomes can hydrolyze 67 yM of ATP/h at 37°C. 
The gnzyme is activated by Mgt* (10-3 M) but not by DNP 
(10° ~ 10-4 M). It is completely inhibited by EDTA (10-3 M) 
and KF (10-2 M). Enzymatic activity is stable for weeks at 
-30°C but decreases by 30% in 2) h at 1°C. The activity is 
completely destroyed by the action of ribonuclease. Solubili- 
sation of microsomal membranes by deoxycholate is also accom- 
panied by loss of activity; furthermore the activity cannot 
be recovered in themembranes obtained after removal of the 
detergent. 

It is believed that the ATPase of the microsomes is 
identical with that of the cell surface first noted by 
Acs, G., et al. (Acta Physiol. Acad. Sci. Hung., 6, 261, 


195) and also observed here. 


Biochemistry 


SUB-FRACTIONATION OF RAT LIVER MICROSOMES. Joel A Rothschildt 
Rockefeller Institute, New York. 

The usual microsome fraction is a mixture of membranes 
(smooth) , RNP particles, and membranes with RNP particles 
attached (rough). A method is proposed for separating by 
centrifugation the "smooth" membranes from the RNP particles 
and "rough" membranes, utilizing their density differences and 
avoiding treatment with detergents. The particle and "rough" 
membrane fraction ("P") is completely sedimented from the mito- 
chondrial supernatant in 45% sucrose (10 hr at 105,000 x g) 
leaving the "smooth" membranes in suspension. When the "smooth 
membranes are floated centripetally through a sucrose continu- 
ous density gradient, they separate into sharp bands ranging 
in density from 1.01 to 1.17. The heaviest "smooth" membranes 
accounting for ~ 50% of the protein N of this type of structure 
have a density of 1.17 (fraction "IP"), neither sedimenting 
nor floating in 45% sucrose. The "IP" fraction contains 6% 
of the total homogenate RNA, as compared with less than 2% 
for the lighter "smooth" membranes, and 32% for fraction "P", 
although the three are approximately equal in protein N. 


a2484 tac 
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107 CELL STRUCTURE; FUNCTION—Mitochondris 
Physiology 


TRANSPORT OF Na AND K BY KIDNEY MITOCHONDRIA. Frank Ulrich, 
Yale Univ. School of Med., New Haven, Conn. Sy : 

Several laboratories have reported that kidney, liver, and 
muscle mitochondria are able to maintain concentration gradi- 
ents of Na and K which are increased by ATP and an oxidizable 
substrate. We have been unable to obtain increased Na gradi- 
ents with mscle mitochondria (Am. Je Physiol. 197:997, 1959) 
and have now confirmed and extended these studies using 
mitochondria. When twice-washed rabbit kidney mitochondria 
were incubated in a medium of 025M sucrose, 0.0051 ? 
0.005M KaHPO)=KH2PO), (pH 7h), 0.0051 magi re, (pH 70h), 
addition of ATP and oxidizable substrate to medium result- 
ed in a significant increase in the K gradient and no change 
in the Na gradient. If the mitochondrial suspension was added 
to a medium containing very little or no Na and/or K, ATP and 
substrate caused a significantly increased retention of K by 
the mitochondria and no change in the retention of Na. Adding 
the mitochondria to media of pH 6.2, 6.8, 7el, and 7.8 result- 
ed in progressively increased K gradients as the pH was raised. 
Although ATP and substrate caused the usual K concentration 
gradient increase, altering the pH did not affect the K gradi- 
ent obtained with ATP and substrate. Again, Na gradients were 
not affected by changes either in pH or addition of ATP and 
substrate. (Supported by grants from the National Institutes 
of Health and the American Heart Associatione) 


Physiology 


SODIUM, CHLORIDE, MITOCHONDRIA, AND pH. JAMES L. GAMBLE, JR. 
Dept. Pediatrics, Johns Hopkins Univ. School of Medicine, 
Baltimore, Maryland, 


Small amounts of sodium and chloride (respectively 0.03 
and 0.06\m per mgm nitrogen) were found to be bound in the 
substance of the mitochondrial membrane in a form that was 
not removed by repetitative washes with cold isotonic sucrose. 
These quantities were increased only slightly following 
incubation in 0.1 M NaCl in the absence of dinitophenol. In 
the presence of this inhibitor, however, the chloride content 
increased to 0.25\mper mgm nitrogen in association with 
release of approximately equivalent amounts of phosphate. The 
rate of incorporation of radioactive sodium was inhibited by 
equimolar concentrations of other cations such as potassium, 
ammonia, or lysine. Elevation of the pH (from 6.5 to 8.5) 
was associated with accelerated rates of incorporation of 
cations and reduced uptake of anions. The effect of pH upon 
cation incorporation was exaggerated in the presence of 
imidazole or cytochrome C, substances which have increased 
cationic properties at the more acid pH values. (Supported 
by Grant No. A-1775 from the National Institutes of Health.) 


Physiology 


MORPHOLOGICAL-BIOCHEMICAL INTERRELATIONSHIPS OF BRAIN 
MITOCHONDRIA. R. Tanaka* and L. G. Abood, Univ. of Ill., 
Chicago. 

Previous studies have indicated that the phosphoryla- 
tive activity (P/C}, as well as certain glycolytic en- 
zymes of rat brain mitochondria, is largely associated 
with the outer membrane and cristae, while mitochondrial 
glycolytic activity is present in the soluble internal 
medium. A variety of procedures have been unsuccessfully 
used in an attempt to dislodge components of the electron 
transport scheme from the P/O enzymes; and it appears 
that the various components are more closely associated 
than in liver mitochondria. Mitochondria prepared either 
in 0.25 M inositol-EDTA or in 0.25 M sucrose-EDTA con- 
taining 0.1% Triton have normal P/O, while electron micro 
scopy reveals the presence of completely hollow particles 
with intact double membranes. It appears that P/O is 
largely confined to the outer mitochondrial membrane, and 
the contribution of internal structure (cristae, soluble 
proteins) is small. Attempts to fragment or destroy the 
membrane through the use of organic solvents, detergents, 
and physical methods results in destruction of P/O. In- 
hibitors of P/O such as phenothiazines and antihistamines 
are more inhibiting to hollow spheres than intact mito- 
chondria. Supported by Mental Health Fund, Illinois. 
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Physiology 


ACTIVE BINDING OF CALCIUM BY MITOCHONDRIA. Frank D. Vasincton* 


and Jerome V. Murphy*. Johns Hopkins Univ. School of Med., 
Baltimore, Maryland. 

The ability of actively respiring mitochondria to take up 
electrolytes such as K* and Na’ from the surrounding medium 
Suggests that mitochondria are Involved In the active trans- 
port of these Ions. Slater and Cleland (Biochem J. 55, 566, 
1953) concluded that the uptake of Catt by non-respiring rat 


skeletal muscle sarcosomes from the surrounding medium was not 


coupled with an energy ylelding mechanism. It has been shown 
In this laboratory that rat kidney mitochondria rapidly take 
up calcium only when the mitochondria are capable of carrying 
out oxidation and phosphorylation. The uptake and retention 


of Cat* requires the presence of an oxidizable substrate (suc- 


cinate), ADP and PI. Cyanide, azide, p-chloromecuribenzoate, 
EDTA, DNP, HgCl> and malonate prevent the uptake of Catt. K* 
and Nat had no effect on the absorption of Cat*. Digitonin 
fragments of liver mitochondria (prepared by the method of 


Devlin and Lehninger J. Blol. Chem. 233, 1586, 1958) also bind 


Ca** when oxidizing B=-hydroxybutyrate. ADP and Pi are not 
necessary for Ca** binding by digitonin particles. DNP and 
HgCl2 prevented the binding of Catt by digitonin particles. 
The binding of Ca** by digitonin fragments suggests that Ca 
Is belng bound by the mitochondrial membrane rather than 
passing Into the Intramitochondrial space. 


++ 


Biochemistry 


FUNCTION OF ESSENTIAL FATTY ACIDS IN MITOCHONDRIA. A. L. 
Tappel and T. Richardson*. U. of Calif. and Bureau of 
Commercial Fisheries, Davis. 

Studies were directed to determine the function of essen- 
tial fatty acids (EFA) in mitochondria. Tests of fatty acid 
involvement in electron transport were negative. There was 
no incorporation of tritium into fatty acids when rat liver 
mitochondria underwent oxidative phosphorylation in tritium 
water. A second approach was to determine the distribution 
and concentration of fatty acids in mitochondria from fish, 
birds, and mammals. Isolated mitochondria were saponified 
and the fatty acids isolated as methyl esters. Qualitative 
and quantative analysis was by gas chromatography. Fish 
mitochondria were low in EFA but high in C92;:5 and C22:6 
polyene unsaturated fatty acids. Linoleic acid was very 
low in salmon liver and heart (1%) and undetectable in 
catfish liver. It appears that linoleic acid is not an 
absolute requirement for mitochondrial functions. Wide 
variations of unsaturation and EFA (3 to 52%) were found in 
the mitochondria examined. Also, on a theoretical basis it 
appears that mitochondrial membranes require unsaturated 
fatty acids but not necessarily EFA (linoleic and arachi- 
donic). 


Biochemistry 


THE DYNAMIC TURNOVER OF RAT LIVER MITOCHONDRIA. 

and D. Re Sanadi. Gerontology Branch, Nat'l 
Heart Inst., Bethesda and Baltimore City Hospitals, Baltimore, 
Md. 

The turnover rate of four components of rat liver mitochon- 
dria (insoluble and soluble protein, lipid and cytochrome ¢) 
has been measured. Adult rats received S35-DL-methionine and 
2-Cl4_-acetate intraperitoneally and were sacrificed at weekly 
intervals. The mitochondria of individual animals were iso- 
lated by differential centrifugation and the four components 
were fractionated by extraction and ion exchange chromatogra- 
phy, after which the samples were prepared for counting. The 
first order rate constants and half-lives calculated from the 
statistically evaluated regression coefficients indicated that 
all components declined at essentially the same rate. The 
half-lives of the components were as follows: cytochrome ¢— 
9-7 days, insoluble protein--10.1 days, soluble protein—1l0.8 
days and lipid--10.6 days. The results strongly suggest that 
liver mitochondria turn over as units with an average t1/2 of 
1003 dayse A comparison of the half-lives of liver mitochon- 
dria in adult (12 month) and senescent (22-24 month) rats gave 
values of 1163 * 1.2 and 906 + 1-0 days respectively. 





102-108 CELL STRUCTURE; FUNCTE 


Biochemistry 


ISOLATION OF BOVINE BRAIN MITOCHONDRIA. R. E. Basford’, 
William L. Stahl”, and L. M. Napolitano”. Univ. of Pittsburg, 
Pittsburgh, Pa. 

Mitochondrial fractions which have been prepared from hap. 
genates of rat brain in 0.25 M or 0.88 M sucrose have been 
shown to be contaminated with non-mitochondrial sub-cellular 
particles [Petrushka and Giuditta, J. Bi sic. & Biochem, 

ol., 6, 129 (1959) and Dahl et al., Am. J. siol., 1 
a (i An improved method for the isolation, from bo- 
vine cerebral cortex, of a mitochondrial fraction (MF) which 
is relatively free of contamination will be reported. The @ 
is isolated by fractional centrifugation in 4 medium compris 
of 0.40 M sucrose, 0.001 M EDTA, 0.02% polyethylene sulfonate, 
and 8% Ficoll (Pharmacia). Electron microscopy is utilized t 
assay the morphological integrity and degree of contamination 
of the MF. The P/O ratios obtained with substrates of the 
citric acid cycle are approximately theoretical. The respire 
tory control coefficient is 7 to 9 with pyruvate as the sub- 
strate. (Supported by grants from the National Institute of 
Neurological Diseases and Blindness, USPHS and the National 
Multiple Sclerosis Society.) 








Biochemistry 

SULFHYDRYL AND DISULFIDE GROUPS AND THE ROLE OF C=FACTOR IN 
MITOCHONDRIAL SWELLING AND CONTRACTION. Diether Neubert*, 
Johns Hopkins Univ. School of Med., Baltimore, Maryland 

Swelling of rat liver mitochondria Is caused not only by 
GSH and cystelne (Lehninger & Schneider, J. Blophys. Blochem, 
Cytol. 5, 109, 1959), but also by other -SH compounds, such as 
thloglycolate, cysteinylglycine, cystelne methyl ester, and 
cysteamine. However these swelling effects were found to be 
modified by the presence of disulfides formed on autoxIdatlon, 
Direct tests of disulfides such as GSSG, cystamine, and cystine 
showed them to be swelling agents, In certain concentration 
zones. Most significant however Is the finding that small con 
centrations of GSSG or cystine, while Ineffective alone, 
greatly enhance the swelling produced by GSH. The swelling 
produced by .01M GSH alone Is not reversed by ATP + Mgt* + BSA 
but requires In addition a soluble heat=lablle substance (C- 
factor) which leaks from mitochondria In the presence of GSH 
(Lehninger & Gotterer, J. Blol. Chem. 235, PC8, 1960). The 
presence of GSSG In addition to GSH alters the requ! rement for 
C-factor. However, C-factor seems rather specific and has been 
purified 100-fold. These findings show that mitochondrial 
swelling depends critically on the -SH : = SS = ratio, that 
sulfhydryl<disulfide Interchange reactions may occur In the 
membrane In swelling and contraction, and that C-factor may 
participate In this Interaction. 


Biochemistry 


PHASE MICROSCOFIC OBSERVATIONS OF MITOCHONDRIA AN) CHLORO} 
PLASTS IN LIVING SFINACH MESOFHYLL CELLS. S. Honda, T. 
Hongladarom*, and S. Wildman*, Horticulture & Rotany Depart- 
ments, UeCeLeAe 

Much of the organization of protozlasm in living plant 
cells can be resolved by phase microscopy. In sections of 
spinach leaf mesophyll tissue, each chloroplast is enveloped 
by a layer of cytoplasm. Although the chloropl2st remains 
essentially stationary, the envelope of cytoplasm is in con- 
stant motion, the motion giving rise to cytoplasmic protuber- 
ances which may extend to several chloroplast diameters. Of- 
ten, the protuberances segment into separate structures which 
appear identical to mitochondria. Streaming mitochondria 
have been observed to coalesce with the chloroplast's cyto- 
plasmic envelope following which they no longer appear as 
mitochondria. The characteristic shape of mitochondria can 
be altered by pressure or dinitrophenol. These changes are, 
however, reversible. Photomicrograrhs in color will illus- 
trate these observations and a movie will also be a vailable. 
The observations will be interpreted in the light of current 
notions on the functional orranization of the photosynthetic 
apparatus. (Supported by grants from A. %. C.) 
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Biochemistry 


CITRIC ACID METABOLISM IN CARDIAC MITOCHONDRIA. 
Menard M. Gertler.* New York University- Medical Center. 
Citric acid oxidation is accompanied by phosphorylation 
in mitochondrial systems derived from guinea pig liver and 
kidney. The available literature reveals that citric acid is 
virtually not oxidized by cardiac mitochondrial systems. In 
this presentation it will be shown that citric acid is oxidized 
by mitochondrial systems derived from guinea pig hearts. 
The characteristics of this oxidation are (1) a lag period of 
ten minutes prior to the onset of oxidation, which then pro- 
ceeds in a linear fashion. (2) The oxidation proceeds slowly 
and linearly with a QN, of 260 as compared with a QN, of 
1000 for q-ketoglutarate. (3) There is no demonstrable 
phosphorylation accompanying this oxidation. The rate of 
oxidation of citric acid may be enhanced by (a) the removal 
of hexokinase-glucose from the system, (b) the addition of 
diphosphopyridine nucleotide and (c) the addition of triphos- 
phopyridine nucleotide. The lag period does disappear 
with these additions, but phosphorylation does not accom- 
pany the increased oxidation. (Supported by grants from 
the N.I.H. No. H-4035 and the John A. Hartford Foundation.) 





108 CELL STRUCTURE; FUNCTION—Nuclei 
Physiology 


STUDIES ON EHRLICH ASCITES CELL NUCLEI. V. QUANTITATION OF 
DPN PYROPHOSPHORYLATING ACTIVITY IN ISOLATED NUCLEI. Edward 
D. Hudack* and Donald E. Eros*, Radioisotope Service a 
Radiology Depte, Vike Hosp. and WeRUey Cleveland, Ohio. 
Ehrlich ascites tumor cell nuclei isolated in aqueous 
systems and characterized respectively as to cytoplasmic con= 
tamination and partial residual chemical contents (in press, 
Exptl. Cell Res.) microscopically and by indirect enzymolog= 
ical treatment, have been analyzed for their DPN-synthesizing 
capacity by a combination of the Kornberg (Kornberg, Ae, Je 
Biol. Chem. 182, 779, 1950) and Jedeikin and Weinhouse ~— 
9 e and Weinhouse, S., J. Biol. Chem. 213, 271, 
1955) procedures. In the assay method used, synthesis of DPN 
was determined in each whole homogenate and respective nuclear 
sample by incubating tubes of these suspensions with and with= 
out nicotinamide monomcleotide (NMN) added, Preliminary 
experiments using controls with added DPN to determine the 
anount of its breakdown during incubation showed a 90% (range 
81-99) recovery in the mclear suspension and 5% (range 36= 
74) in the whole homogenate. After correcting the whole 
homogenate and nuclear preparations for DPN lost during in- 
cubation, an average of 60% of the DPN synthesizing activity 
of the whole homogenate was found in the isolated nuclei, 


Physiology 


A GENERAL MORPHOLOGICAL REACTION OF NUCLEI TO POLYELECTROLYTES. 
J. Ae Falzone, Jre » Gerontology Branch, Nat'l Heart Inste, 
Bethesda, and Baltimore City Hospitals, Baltimore, Mde 

Factors responsible for chromosome condensation may be in- 
vestigated by observing isolated nuclei while the latter are 
treated with test reagents. An effect resembling prophase is 
produced by even low concentrations of protamine or other poly 
cations, a reaction attributable to counter-ion neutralization 
of the DNA phosphates not bound to histone. If such a polycat- 
fon is followed by treatment with any of a variety of polyan- 
fons, the nucleus fills with small granules more numerous than 
chromosomes but arranged in striking cubic and hexagonal pack- 
ings Nuclei from a variety of sources react in this way. Of- 
ten, the appearance of discrete double rows of slightly larger 
@anules suggests deposition on chromatid pairse That this is a 
Teaction of interphase chromosome material is further suggested 
by the fact that it can be elicited in nuclear gels produced by 
1M NaCl and appears confined to the chromosomes where the lat- 
ter are visible (Drosophile larvae). This granular effect is 
slowly reversible and is faint or absent if the polyanion is 
applied first. Repeated cycles of polycation-polyanion treat- 
tent cause growth and eventual fusion of the granules. This 
and some histochemical evidence imply that the granules ars 
complex coacervates of applied polyelectrolytes adhering to 
Negatively charged periodicities of interphase chromosomes. 
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Biochemistry 


EFFECT OF PROTEOLYTIC AUTOLYSIS ON ANALYTICAL VALUES FOR 
HISTONE AND RESIDUAL PROTEIN IN ISOLATED NUCLEI. Roberto 
Umana*, and Alexander L. Dounce, Univ. of Rochester, School 
of Medicine and Dentistry, Rochester, N. Y. 

Analysis of calf thymus and rat liver nuclei isolated in 
CaCl,-sucrose solution shows that there are at least 4 peaks 
of proteolytic activity in both cases in the pH range of 3.5 
to 9.5. With liver nuclei a pronounced minimum in the pro- 
teolysis curve occurs at pH 5.8, where nuclei can be isolated 
in sucrose solution free of cytoplasmic proteases. Analyses 
of liver nuclei isolated in 0.44 molar sucrose at pH 5.8 for 
histone and residual protein should therefore be valid. The 
per cent total histone in liver nuclei isolated at pH 5.8 is 
25-28 (2 X the DNA content), of which half is ammonia-pre- 
cipitable. Residual protein amounts to 50 to 55 percent of 
the nuclear mass. The amount of histone in liver chromosomes 
isolated near pH 7 is half the amount obtained from liver 
nuclei, relative to DNA, possibly owing to proteolysis. Calf 
liver gives similar results. The residual protein of calf 
thymus nuclei isolated at pH 3.8 is about 50 per cent of the 
nuclear mass, whereas the residual protein of chromosomes iso- 
lated from thymus at a pH near 7 is only 10 per cent, owing 
no doubt to proteolysis. It is concluded from this work that 
nuclei of different tissues are more similar in analytical 
composition than has previously been thought. 





Biochemistry 


POSSIBLE OCCURRENCE IN VIVO AND IN VITRO OF DNA-RNA COMPLEXES. 
Nirmal K. Sarkar*. The Univ. of Rochester School of Medicine 
and Dentistry, Rochester 20, N. Y. 

It has been suggested by A. Rich that hybrid double helices 
of DNA-RNA might be formed during RNA synthesis. We have in- 
vestigated the separability of RNA from the DNA of rat liver 
nuclei isolated at pH 4.0 with the following results. 1) DNA 
isolated from these nuclei by the method of Kay et al. contain- 
ed 30 to 40% RNA, 








2) When 1/2 volume of alcohol was used to 
precipitate the DNA in the Kay method it was possible to re- 
duce the amount of RNA in the DNA to one per cent or less. 
When 2 parts of calf thymus DNA was dissolved in 0.01 M saline 
together with one part of yeast RNA (Crestfield), nearly com- 
plete separation was obtained with two precipitations by 1/2 
volume of ethanol in the presence of 1% sodium dodecyl sul- 
fate and 1 M NaCl, although about 10% RNA remained in the DNA 
when the detergent was left out. Nearly quantitative recover- 
ies of DNA and RNA separately are obtained under the above 
conditions, using 1/2 volume of ethanol to precipitate the 

DNA and 2 volumes of ethanol to precipitate the RNA. Nearly 
quantitative DNA recovery also can be obtained from the above- 
mentioned DNA-RNA mixtures but RNA recovery is low. It is 
concluded that hybrid DNA-RNA double helices do not exist at 
concentrations greater than 1% in rat liver nuclei, since 
these should not be separable by detergent, but that a differ- 
ent type of complex such as a triple helix might exist. 


Biochemistry 


RNA AND PROTEIN SYNTHESIS BY ISOLATED NUCLEI. Joon Rho™, Max 
Birnstiel*, Margaret Chipchase*, and James Bonner. Division 
of Biology, California Institute of Technology, Pasadena, Calif. 
Intact nuclei have been obtained from pea stems by squeez- 
ing the tissue (incased in nylon mesh) through two rollers, 
collecting the debris-free protoplasm in sucrose-Catt medium, 
and centrifugation at 500 x g for 10 min. These, nuclei rapidly 
incorporate cytidine-H-? into RNA and leucine-c1* into protein. 
Incorporation of cytidine-H3 into RNA is almost wholly depend- 
ent upon the presence of the other 3 nucleosides and the 
corresponding triphosphates are two to three times more effect- 
ive. Such incorporation is also increased by the addition of 
an energy-reggnerating system (phosphocreatine). Incorporation 
of leucine-C+* into protein is increased by the presence of a 
complete amino acid mixture and also by the presence of an 
energy-regenerating system. After incorporation the nuclei may 
be further purified by sucrose density gradient centrifugation. 
Ground purified nuclei have been separated into nucleoli (sed- 
imented at 5,000 x g in 2 M sucrose), heavy nucleoplasm (0,000 
x g in 0.2 M sucrose-Mg**), ribosome fraction (100,000 x g 
in 0.2 M sucrose), and supernatant protein and RNA. The speci- 
fic activity of these different fractions has been determined. 
(Supported in part by grants from the National Academy of 
Sciences, the National Institutes of Health and the National 
Science Foundation. ) 
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Biochemistry 

SPECIFIC ACTIVITIES OF NUCLEAR PROTEINS AND NUCLEIC ACIDS IN 
REGENERATING LIVER. *. David J. Holbrook, Jr.” 
and J, Logan Irvin. Univ. of North Carolina, School of 
Medicine, Chapel Hill, N. © 

At varying intervals from 15 to 43 hours following partial 
(one-third) hepatectomy, groups of rats were injected intra- 
peritoneally with glycine-1-C14 and adenine-8-C!4, One hour 
after injection, the groups were sacrificed. Nuclei were 
isolated from the livers by a modified Chauveau method and 
samples of the cytoplasm were taken for analysis. Synchrony 
of division was followed by mitotic counts made at sacrifice. 
Specific activities were determined for nuclear RNA, cyto- 
plasmic RNA, and two DNA fractions. Nuclear proteins were 
fractionated as reported previously (Cancer Research 20:1329, 
1960) and specific activities were determined for three 
histone and three non-basic protein fractions. Peaks for 
all protein fractions occurred between 19 and 22 hours. 
Percentage increases in specific activities of histones 
were greater than those of other nuclear proteins. Peaks 
in nuclear and cytoplasmic RNA occurred between 15 and 22 
hours. DNA, in contrast, showed a sharp peak at 37 hours. 
A mitotic wave was observed at 43 hours, with no significant 
prior division. (Aided by grant from the American Cancer 
Society.) 


Immunology 
C ANALYSIS OF ANTINUCLEAR ANTIBODY 
REACTIONS. 


IMMUNOELECTROPHORETI 
William A. Atchley.* Univ. California School of 
Med., San Francisco, Calif. 


Exposure of washed leukemic leukocytes to 0.1 M glycine 
lyses the cells and puts the nuclei into solution. The pro- 
duct is rich in deoxyribonucleic acid (DNA) and associated 
proteins. Electrophoresis of the extracts on cellulose 
acetate shows that all the DNA travels toward the anode in a 

band, to which is complexed a homogeneous band of 
histone. Other basic protein not attached to DNA seeks the 
anode more slowly. Immumoelectrophoretic analysis of the 
extracts using lupus serum shows the presence of at least two 
precipitating antigen-antibody systems, one of which is 
associated with the DNA-histone complex and the other with an 
as yet unidentified antigen. Rabbits sensitized to the 
extracts have developed precipitating antibodies directed 
against the DNA-histone complex. This approach is being 
employed in a study of the comparative immmnochemistry of 
normal and malignant cells. 


109 CELL, TISSUE CULTURE 
Physiology 


The Inhibition and Partial Synchronization of Cell Division in 
Suspension Cultures. E.W. Taylor*, Committee on Biophysics, 
University of Chicago, Chicago, lll. 

Suspension cultures of the human carcinoma KB (normal doub- 
ling time 2 hours) have been used to study kinetics of cell 
division inhibition. (1) Colchicine (10-7M) blocked division 
in metaphase without affecting the synthesis of protein, RNA 
or DNA over a 12 hour period. Examination of the cells in 
polarised light indicated the absence of a mitotic spindle. 
Plating efficiency decreased with time of exposure to col- 
chicine and was less than .01% after 36 hours. (2) Aminopterin 
(10M) blocked cell division within 10 hours. Thymidine added 
after 2) hours initiated DNA synthesis within one hour and 
cell division within 5 hours. Partial synchrony was obtained 
with an approximate doubling of the cells in 5 to 6 hours and 
a@ mitotic index as high as 19% compared with 2.5 for log 
phase cultures. Preliminary experiments with 5-fluorodeoxyur- 
idine yielded similar results. (3) Chloramphenicol (3x20-3M) 
produced a 65 to 70% inhibition of protein synthesis but cell 
division continued for 2 to 3 hours. The synthesis of the 
mitotic spindle protein, which represents 5 to 10% of the 
cell protein, must be essentially complete an hour or two be- 
fore spindle formation. (Supported by USPHS Grant A-3610.) 
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Biochemistry 


METABOLISM OF PROGESTERONE AND 11-0¢-HYDROXYPROGESTERONE BY 
ADRENAL IN TISSUE CULTURE. D. Perlman*, Nancy Giuffre* 
ake New 


and S.C. Pan Squibb Institute for c 
Brunswick, W. 


Cells of adrenal cell line 3629 (Gey) were grown in sus. 
pension culture in a modified Ziegler's medium(Appl Microbiol, 
62305 (1958). Generation times of the order of e have 
repeatedly been observed, with maximum popu).ations reaching 
750,000 cells per ml after 6 day's incubation. These cells 
converted added progesterone to |; products as shown by paper 
chromatographic malyses. These were identified by spot tests 
(Pan,S.Ce, presented before 138th mtg.Am.Chem.Soc.(1960) ag: 
hpregnene~20-<f -0l-3-one; l~pregnene-208-0l-3-one; l<pregnene- 
6d-0l-3,20-dione; and h-pregnene-6 6-01-3,20-dione, Analogous 
products were found when llehydroxyprogesterone was added to 
the growing cultures. These reductions and oxidations are 
similar to those reported by Bryson and Swim (Fed. Proc. 19: 
385 (1960) who used rabbit uterine fibroblasts in experi- 
ments. 


Biochemistry 


ROLE OF Mg AND Ca IN CELL ATTACHMENT AND SPREADING REACTIONS, 
J.B. Mackenzie and C.G. Mackenzie. Department of Biochemistry, 
University of Colorado Medical School, Denver, Colorado. 

Glass attached mammalian cells undergo cytoplasmic retract- 
tion and rounding when washed and incubated in 145 mM NaCl, or 
in the same solution plus 5 mM KCI and 5 mM glucose. Eventu- 
ally many cells detach as single cells. The reaction is 
accelerated by | to 10 mM of phosphate buffer, pH 7.4. Serum 
exhaustively dialyzed against H20 inhibits cell retraction 
and rounding even in the presence of | to 3 mM phosphate. 
However, the ash of the dialyzed serum is also effective, and 
spectral analysis shows that it contains metals. Serum activ- 
ity can be replaced by 0.25 mM Mg or Ca but not by 0.25 mM 
Be, Sr, Ba, or Zn. Single detached cells reattach to glass 
and spread when Ca or Mg is added to the inorganic solution 
plus glucose. Fibroblast-like cells from muscle contract 
instantly in the absence of Ca and Mg; HeLa and Chang liver 
cells more slowly. Reatacchment and spreading require 0.5 to 
2 hours. It is postulated that Mg and Ca ions specifically 
bind negative groups on the cell membrane with (Si205),, of 
the glass surface to roll the cell membrane out into its j 
stretched form in a zipper type reaction. An analogous reac- 
tion may occur in tissues where the glass substrate is re- 
placed by fibers and adjacent cell membranes. (Supported by 
a grant from Muscular Dystrophy Assoc.) 


Pharmacology 


EFFECT OF HYDROCORTISONE AND OTHER STEROIDS ON THE GROWTH 
OF MOUSE LYMPHOMA P-388 IN VITRO. J.D. Gabourel and 

L. Aronow. Dept. of Pharmacol., Stanford Univ. School of 
Med., Palo Alto, Calif. 

Certain steroids have been shown to inhibit growth of 
mouse lymphomas in vivo (Lampkin, J.N.C.I. 24:1352,1960). 
Data presented here indicate that hydrocortisone (F) in low 
concentration inhibits the growth of mouse lymphoma P-388 
in vitro. In these experiments drug (or vehicle) was added 
24 hours after replicate cultures had been established. 
Cells were allowed to grow for 4 days in the presence of 
drug at which time the total number of cells was determined 
using a Coulter Counter. With initial cell inoculums of 
1-3 x 105 cells, F (10-6 M) produced 50% inhibition of 
growth; 2 x 10-6 M procuced 80% inhibition. Fourteen other 
selected steroids were tested for activity. Dexamethasone 
and 92-fluorohydrocortisone were more active than F, while 
prednisolone and corticosterone had about equal activity. 
Several other steroids showed lesser activity. Attempts to 
reverse F inhibition with a variety of compounds (choles- 
terol, insulin, chlorazanil, and L-fibroblast extract) were 
not successful. Results of experiments analyzing protein, 
ribonucleic acid, and deoxyribonucleic acid metabolism ia 
cells growing in the presence of 2 x 10-€ M F will be dis- 
cussed. (Supported by Am. Cancer Soc.) 
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109-113 CELL, TISSUE CULTURE 


Pathology 


TISSUE CULTURES OF AORTAE OF NORMAL AND OF CHOLESTEROL-FED 
RABBITS. ‘Tatsuo Kokubu” and 0. J, Pollak. Dover Medical 
Research Center, Dover, Del. 

Intact aortae and aortae with cholesterol-atherosclerosis 
were used for tissue cultures. Lazzarini's ring-segment tech- 
nic was employed. Earliest cell growth from aortae of experi- 
mental animals preceded earliest growth from control aortae. 
The degree and speed of cell growth was highest in explants 
from ascending, lowest in explants from abdominal aortae of 
either series. In each aortic sector (ascending, thoracic, 
abdominal) the degree of growth from diseased tissue exceeded 
growth from controls. There was parallelism between earliest 
cell growth and severity of disease but not between intensity 
of growth and degree of atherosclerosis. Three types of cells 
were observed: Intermediate (type I) polygonal cells with in- 
tercellular connections were seen in early cultures of normal 
or barely altered intima. They gave way to fibrocytic cells 
(type II). These cells were seen in all cultures and they in- 
creased numerically gradually. Endothelial cells with few 
granules (type III "a") grew from intact intima; cells with 
many granules (type III "b"), positive for cholesterol and 
with Sudan dyes, grew from diseased aortae. In older cult- 
ures, type "b" cells degranulated and changed to type "a". 
Type III cells, too, were replaced by type II cells. 
(Supported by a grant from the National Heart Institute. ) 





Pathology 


EFFECT OF NICOTIN ON RABBITS' NORMAL AND DISEASED CARDIOVASCU- 
LAR TISSUE CULTURES. 0. J. Pollak and Tatsuo Kokubu*. 
Dover Medical Research Center, Dover, Del. 

Ascending aorta and heart from normal rabbits and from hy- 
percholesteremic rabbits were studied. To 100 ml. of culture 
media 0.04 ml. of nicotin solution (1:40,000, 10,000, 5,000, 
2,500) were added. A.Addition of nicotin to media before in- 
oculation resulted in fewer positive cultures (1:2,500) and in 
delay of cell growth(all strengths).The number of aortic cells 
was reduced with increasing concentration of nicotin. Cells 
from intact aorta were more sensitive than cells from diseased 
aorta. Degenerative changes on fibrocytes were seen under high 
concentration only. Endothelium cells were damaged by all nic- 
otin solutions: Vacuolization (1:100,000), degranulation and 
pyknosis (1:40,000) were observed; the highest concentration 
shortened the lifespan of these cells. B.The influence of nic- 
otin added one week after initial cell growth from intact or 
diseased aortic explants has (so far) not been dramatic, even 
under maximum concentration (1:2,500), except for degenerative 
changes of endothelium cells. There was,however, considerable 
depression of growth of myocardial spindle cells, more so in 
material from hypercholesteremic rabbits. Morphologically, 
myocardial spindle cells were far more sensitive to nicotin 
than aortic spindle cells. (Supported by a grant from the 
Tobacco Industry Research Committee). 


Pathology 


CYTOPATHOGENIC EFFECT OF NUTRITIONAL DEFICIENCIES IN TISSUE 
CULTURE, Rene Jahiel* and Deborah B. Jahiel*. Dept. Pathology, 
Mt. Sinai Hospital, New York, N.Y, 

HeLa ($3 clone of Puck), human amnion (Fogh and Lund), 
monkey heart (Salk) and mouse fibroblast L929 (Earle) cells 
were grown on cover slips in 5 percent dialyzed calf serum and 
95 percent Eagle's medium minus one of the following: inos- 
itol, pantothenic acid, thiamine, riboflavin, nicotinamide, 
folic acid, glucose, glutamine, serum proteins and amino 
acids, In other experiments, some of the above were added in 
Sub-optimal amounts. The cultures were observed with the 
light microscope for a) growth inhibition, b) change in the 
predominant cell modality and c) necrobiosis. The sequence of 
morphological changes and characteristics of the lesions de- 
pended on the nature of the deficient nutrient and to a lesser 
extent on the cell strain. Several of the milder deficiencies 
resulted in growth inhibition without cel! lesions. Some of 
the systems exhibited a rapid and uniform development of 
characteristic lesions, thus lending themselves to controlled 
Studies of the pathogenesis of deficiency lesions and the 
metabolic aspects of infectious processes in tissue culture. 

(Aided by NIH Grant No. A-3846.) 
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Immunology 


LOCALIZATION OF INFECTIOUS VIRUS AND VIRAL ANTIGEN IN CHICK 
EMBRYO CELLS INFECTED WITH ROUS SARCOMA VIRUS. Peter K. Vogt* 
and Harry Rubin*. Virus Laboratory and Dept. of Virology, 
University of California, Berkeley, California. 

In chicken fibroblast cultures infected with Rous sarcoma 
virus viral antigen first becomes detectable with fluorescent 
chicken antibody at 2 days. It is concentrated at the border 
of an occasional cell. During the following day groups of 
cells appear with viral antigen at the cell membrane and in the 
cytoplasm. The alteration of the fibroblasts to typical 
rounded up Rous sarcoma cells is accompanied by the detachment 
of floccular masses of viral antigen from the cell membrane. 
In a completely altered culture, viral antigen is visible in 
most but not all Rous sarcoma cells. The viral antigens which 
accumulate near the border of the cells are at least in part 
located at the outer surface of the cell as judged by their 
accessibility to fluorescent antibody without prior fixation 
of the cells. Infectivity measurements of virus mltiplica- 
tion and release are in close agreement with the cytological 
findings. The changes in the cell membrane which accompany 
virus multiplication are considered in relation to the loss 
of contact inhibition in the infected cells. 

(Supported by a Damon Runyon Cancer Research Fellowship 
DRF 288, by grant E-82 from the American Cancer Societ; 
and by grant C-4774 from the US Public Health testien.} 


Immunology 


Tissue Gulture Studies of Cells from Marine Fish. 
L.W. Clem, L. Moewus, M.M. Sigel, Dept.Microbiology 
School of Medicine, University of Miami, Coral 
Gables, Florida. 

Cells from several species of marine teleost fish 
have been cultivated in vitro by each of two 
methods. Explants of fin and ovary tissues formed 
monolayers of fibroblast-like cells when cultured 
at 20°C in Eagle's Basal Medium with 10% human 
serum. Liver, gill, spleen, skin and swim bladder 
failed to give appreciable growth. Trypsin dis- 

persed fin cells were successfully cultivated 
when the osmotic pressure of the medium was in- 
creased by the addition of extra sodium chloride. 
Eagle's Basal Medium with 10% human serum and 10% 
calf serum gave the most abundant growth of trypsin 
dispersed cells. Monayers of cells obtained by 
both of these methods can be passaged by trypsin- 
ization or by scraping. Attempts are being made 

to establish a stable cell line from marine sources. 








Supported by ONR. 


Immunology 


EFFECTS OF COOLING RATES AND ADDITIVES ON SURVIVAL OF 
FROZEN TISSUE CULTURE CRLLS. J. H. Kite, Jr.* and G. F. 
Doebbler*, Dept. of Bact. and Immunol., Univ. of Buffalo, 

falo, N.Y. and Linde Co., Union Carbide Corp., Tonawanda, 
N.Y. 

Two lines of tissue cells grown in vitro (strains L and 
HeLa) were frozen in 5% elycerol-medium at cooling rates of 
1° to 18,000° C/min, After thawing in a 37° water bath, 
viability was tested by growth of serial dilutions of cells 
(120,000 to 7,500 cells/ml), Metsholism was recorded by pH 
change of the medium and vital stains made with trypan blue, 
Highest recoveries by growth were obtained with rates of 1° 
to 50°/min. Faster rates gave decreased recoveries although 
some viable cells were obtained after ultrarapid cooling. 
Freezing (20°/min.) by placing glass vials in vapor (170°) 
above liquid nitrogen successfully preserved the above cells, 
six other cell lines, and primary cells from spleen, lymph 
nodes, and peritoneal exudate. Five other additives were 
compared with glycerol in freezing L and HeLa cells, Dimethyl 
sulfoxide was as effective as glycerol in protecting both 
cell types. Sucrose and glucose protected Hela. Dextran and 
methylcellulose were less effective. (Supported by N.1.H. 
grant C 5233.) 
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Immunology 


SPONTANEOUS TUMORS IN THE GERMFREE MAMMAL. 
by Thomas G, Ward, Department of Virus Research, 
Microbiological Associates, Inc., Washington 15, D. C. 

Spontaneous tumors occur in germfree rats and mice at about 
the same rate as they occur in normal laboratory animals. The 
types of tumors occurring in the germfree rats and mice are 
histologically similar to those which occur in normal laboratory 
animals. 

This paper describes a group of tumors observed in germfree 
rats and mice at the Univ. of Notre Dame, Dept. of Biology, 
and gives details with respect to the isolation of epithelial- 
like cells in tissue culture. The propagation of these cells in 
continuous cell line is described. The experimentally induced 
tumors have the same histolcgica] findings as the original tumor 
after 50 tissue culture passages. Also the variation in serum 
content of the tissue culture media causes no change in the 
histology of the induced tumor. (From the Dept. of Virus Res- 
earch, Microbiological Associates, Inc., Washington 15, D.C. 
and the Dept. of Biology (Lobund)), Univ. of Notre Dame, 
Notre Dame, Indiana. ) 


Immunology 


THE SERIAL CULTIVATION OF HUMAN DIPLOID CELL STRAINS, 

Dn * and S * Wistar Institute of 
Anatomy and Biology, Philadelphia 4, Pennsylvania. 

Over 23 strains of human diploid fibroblasts have been 
obtained from various fetal tissues. Retention of diploidy 
is indicated by detailed karyotypic analyses. Sex chromatin 
in female strains is likewise retained. Such strains have a 
generation time of 24 hours and have been cultivated for 
periods up to 12 months at which time the cells degenerate. 
This is not due to media composition, release of toxic 
moieties or the unmasking of detectable latent viruses. 
Present evidence indicates that the phenomenon can possibly 
be explained as senescence at the cellular level or the 
depletion of an autonomous self-duplicating system which 
multiplies at a rate less than that of the cell. Human 
diploid cells have a broad virus spectrum and could 
conceivably be used for the production of human virus 
vaccines. Under certain conditions such cells can form a 
multilayered membrane even after many months of in vitro 
cultivation. Microscopic examination of these membranes re- 
veals a degree of histological organization. Although dip- 
loid strains are lost after 6-12 months, storage at -70°C 
for periods in excess of a year insures an indefinite 
supply. (Supported by USPHS Grant C4534) 


Immunology 


THE MECHANISM OF REVERSIBLE MITOTIC INHIBITION PRODUCED BY 
X-IRRADIATION OF MAMMALIAN CELLS IN VITRO. T. T. Puck and 
M. Yemade*. Univ. of Colo. Med. Center, Denver. 

Single cell plating permits separation of irreversible re- 
productive death (including abortive colony formation) from 
reversible mitotic lag produced by radiation. Survival curves 
yielded a D° value of 807 15 rads for irreversible killing of 
normal human cells. Irradiation with 33 to 67 rads eliminates 
approximately 90% of the mitoses due to develop within the next 
30 to 75 minutes, as other investigators have also shown. Re- 
covery requires several hours and varies with the metabolic 
state of the cells. These data indicate the great sensitivity 
of the pre-mitotic period to reversible radiation damage. 
Chromosome aberrations including single and double breaks, de- 
letions, and abnormal recombinations are produced in this 
period in high yields with an efficiency of approximately 1 
per cell per 30 rads. The hyperploid S35 cell exhibited a 
similar pattern. Uptake of H»-thymidine demonstrated that the 
pre-mitotic and DNA-synthesis periods are unaffected by ir- 
radiation with doses below 67 rads. The data support the 
theory that reversible mitotic lag is due to chromosomal 
damage at least part of which must be repaired before mitosis 
can begin. “igher doses would produce chromosomal aberrations 
so extensive as to lead, directly or indirectly, to irrever- 
sible reproductive death. Thus, mitotic lag, ceil death, and 
perhaps mutation, may represent facets of the same primary 
effect of irradiation. 
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Immunology 


THE AMINO ACID CONSTITUTION OF FETUIN. H. W. Fisher ,* D. 
O'Brien, and T. T. Puck. Univ. of Colo. Med. Center, Denver, 

The fetuin fraction of fetal serum contains virtually all ¢ 
an activity inducing glass-attachment, stretching and growth ¢ 
dispersed mammalian cells. The activity is macromolecular, anj 
is destroyed by neuraminidase which removes sialic acid. Amino 
acid analysis was carried out on active fetuin prepared by 
fractional precipitation with (NH),)2S0, and on an inactive 
fraction obtained from it by DEAE chromato hy. Both materi. 
als were virtually iaenticar electrophoretieal Ly and ultracen- 
trifugally and the patterns corresponded to about homogen- 
eity. The proximate number of amino acid residues per mole of 
active fetuin is: 27 aspartic; 16 threonine; 21 serine; 31 glu 
tamic; 35 proline; 18 glycine; 28 alanine; 33 valine; 12 iso- 
leucine; 28 leucine; 8 tyrosine; 9 phenylalanine; 16 lysine; 
11 histidine; 16 arginine; 4 hydroxyproline; 2 tryptophane,and 
approximately 14 cysteine. The inactive fraction was identical 
except for possible small differences in the leucine, histi- 
dine, arginine and hydroxyproline content. Three possibilities 
exist: The biological activity is carried on the major protein 
component, but is lost on mild treatment which hardly changa 
the gross chemical composition; the activity may be associated 
with a glycoprotein of similar but not identical constitution 
also present in the fetuin fraction as here prepared; or the 
activity is present on a glycqrotein of unrelated structure 
which constitutes 10% or less of this fraction. 


110 CELL, TISSUE CULTURE—Cell Antigens 


Immunology 
SPECIFICITY OF ANTIGENS IN EXTRACTS FROM HEIA AND J111 CELLS - 
3 e » Harrison 
Dept. Surg. Res., Schools of Med., U. of Pa., Phila., Pa. 
Antigens were obtained from Hela and J111 cells by 5 extrac- 
tions with fluorocarbon (Genetron 113). These antigens were 
precipitable by 10% trichloroacetic acid (TCA) and were assay- 
ed for protein nitrogen. No TCA precipitable material was 
found in equivalent amounts of normal human striated muscle, 
skin or uterus treated in a similar manner. Sera from rabbits 
injected with a total of 250 ug of Hela and J111 extracts were 
titrated by CF and HA with tanned sheep RBC. Titers were ob- 
tained with both tests with the homologous antigen-antibody 
system. Cross reactions were low, and no titers were obtained 
with sera from animals injected with extracts from normal tis- 
sues. 2);7 human sera have been assayed by CF for antibody us- 
ing Genetron-treated Hela and J1l11 cells and human uterus. 8 
of these sera had measurable titers. 6 reacted only with Hela 
extract and all were from patients with metastatic carcinoma. 
2 sera reacted with J111 extract. One patient had leukemia, 
but a second serum from the other patient without evidence of 
malignancy did not react in a repeat examination. 1) of these 
sera were from patients who had carcinoma but gave no reaction, 
6 sera from patients with carcinoma out of 75 additional sera 
analyzed only by HA reacted only with formalinized RBC tanned 
and coated with the Hele extract. No sera from patients with 
sarcomata have reacted with these extracts. 


Immunology 


DETERMINATION OF SPECIES ANTIGENS OF CULTURED CELLS BY IMMUNO- 
FLUORESCENCE. C.S.Stulberg, W.F.Simpson,* W.D.Peterson,# and 
L.Berman,# Chi esearch Center of Wichigas and Wayne State 
University College of Medicine, Detroit. 

Characterization of cultured cell strains depends, in part, 
on the determination of species specificity of cellular anti- 
gens. A procedure is described whereby species-associated anti- 
gens can be directly identified in cells by fluorescent anti- 
body techniques. Globulin fractions of cell antisera (prepared 
in guinea pigs) were conjugated with fluorescein isothiocyanate. 
Dispersed cells were prepared from monolayer cultures and re- 
sulting wet cell suspensions were treated with labeled anti- 
bodies. Staining specificity was identified by peripheral 
fluorescence of cells and labeled antibodies could be quanti- 
tated by determination of staining titers. Labeled antibodies 
to human epithelial-like cells (Det-6 cl.12) stained such cells 
but also cross-reacted to a lesser degree with a cell strain of 
monkey kidney origin (Hull). This cross reaction could be @- 
liminated by absorption techniques. However labeled antibodies 
to human-derived cells did not stain cell strains of mouse or 
igin (mouse lung and sarcoma 180, Foley) or of Chinese hamster 
origin (Yerganian), Confirmation of the species specificity of 
labeled antibodies for cultured cells was also obtained by her 
agglutination and specific fluorescence of erythrocytes of the 
homologous species. (Supported by USPHS grant C297.) 





noo. @@meewmrnst 08 3 © & eM ost OK hUcoOlhlUcFOlUrO 


= =a oe 6a 


a at ‘ee 2 2 a eo @4 2  & eo oe oe oe 


9aQnR 


BPBBShRbBSteerserpeerreEwpeeteaoeco 


ssay~ 


Le 9 
bbits 





109-113 CELL, TISSUE CULTURE 


Immunology 


SEROLOGICAL ANALYSIS OF CULTURED CELLS. Noel R. Rose and 
Leif Kornstad*. Dept. of Bact. and Immunol., Univ. of 
Buffalo, Buffalo 1h, N.Y. 

Rabbits were immunized with washed HeLa cells and L cells, 
originating from man and mouse, respectively. The antisera 
contained cytotoxic, complement fixing, precipitating, and 
anaphylactogenic antibodies to homologous cells or cell ex- 
tracts prepared in several different ways, These experiments 
point to the presence of species-specific antigens related to 
serum and to various organs within these cultured cells grown 
in the absence of serum of the particular species. At least 
four distinct types of antibodies could be recognized. (1) 
Agglutinins for red blood cells which gave highest titers with 
erythrocytes of the homologous species, but also showed sig- 
nificant cross-reactions with red cells of certain other spe- 
cies. (2) Species-specific antibodies removed by absorption 
with serum or serum fractions of the respective species, (3) 
Species-specific antibodies that react with various organ ex- 
tracts but not serum, Using immunoelectrophoresis, mouse or- 
gan extracts have 6 or more antigens in common with L cells, 
and human organ extracts correspondingly at least antigens 
in common with HeLa cells. (4) To demonstrate antibodies spe- 
cific for the cultured cells, the antisera were absorbed with 
erythrocytes, serum, and organ extracts of the respective 
species. (Supported by N.I.H. grant C 5203.) 


Immunology 


ERYTHROCYTE RECEPTORS FOR SPECIES SPECIFIC 
HEMAGGLUTININS EVOKED BY CULTIVATED MAMMALIAN 
CELLS, K. G. BRAND AND J, T. SYVERTON, DEPT, BACTERIOLOGY, 
UNIVERSITY OF MINNESOTA, MINNEAPOLIS, MINNESOTA, 

IMMUNIZATION OF GUINEA PIGS WITH CULTIVATED MAMMALIAN CELLS 
EVOKES SPECIES-SPECIFIC HEMAGGLUTININS (J, NATL, CANCER INST, 24; 
1007, 1960). TREATMENT OF ERYTHROCYTES WITH PAPAIN OR TRYPSIN 
DIMINISHED CAPACITY TO ABSORB OR BE AGGLUTINATED BY SPECIES~ 
SPECIFIC HEMAGGLUTININS; REACTIVITY WITH BLOOD GROUP ISOANTIBODIES 
AND HETEROPHILE AGGLUTININS WAS UNALTERED OR ENHANCED, OPPOSITE 
EFFECTS FOLLOWED PERIODATE TREATMENT OF ERYTHROCYTES. EVIDENCE 
WILL BE CONSIDERED FOR THE PROTEIN NATURE OF BOTH ERYTHROCYTE RE- 
CEPTORS FOR SPECIES-SPECIFIC HEMAGGLUTININS AND CORRESPONDING 
ANTIGENIC COMPONENTS OF MAMMALIAN CELLS, APART FROM SPECIES 
SPECIFICITY, ENZYME-TREATED ERYTHROCYTES REACTED HETEROGENEOUSLY 
WITH CELL-INDUCED HEMAGGLUTININS, ANTISERUMS TO RHESUS MONKEY 
KIDNEY CELLS CONTAINED HETEROGENETIC HUMAN HEMAGGLUTININS AND 
INDUCED ANTIBODIES FOR HUMAN BLOOD GROUP B ERYTHROCYTES, AS WELL 
AS SPECIFIC MONKEY HEMAGGLUTININS, THE HETEROGENETIC HUMAN 
HEMAGGLUTININS REACTED WITH PROTEIN-TYPE ERYTHROCYTE RECEPTORS, 
WHILE THE BLOOD GROUP B ANTIBODIES REACTED WITH CARBOHYDRATE- 
TYPE RECEPTOR SITES, 





111 CELL, TISSUE CULTURE—Metabolism 
Biochemistry 


SELECTIVE UTILIZATION OF AMINO ACIDS BY MAMMALTAN CELL 
CULTURES. Kenneth S. McCarty *. Dept. of Biochem., Duke Univ. 
Durham, N. C. 

Although the minimal amino acid requirements for a number 
of mammalian cell strains in culture have been extensively in- 
vestigated, there are few reports on the actual quantitative 
utilization of individual amino acids supplied in the medium. 
Five cell lines, HeLa, KB, Hep 2, Intestine and a Pituitary 
cell were examined by the technique of Moore and Stein amino 
acid analysis for the utilization or production of amino acids. 
The possible metabolic interdependence of different cell types 
in culture is indicated by the pattern of utilization and 
Production of amino acids by these established cell lines. 
Although arginine was a limiting amino acid for HeLa, KB, 
Intestine and the Pituitary cell, it was only slightly 
utilized by the liver cell. Cystine was a limiting factor 
for the KB cell, but was not utilized by the Intestinal cell. 
Ornithine was utilized by the liver cell although the other 
cell types excreted this amino acid. Further refinements in 
the homeostatic cytogenerator (Can. Res., 2, 230, 1957) per- 
mt a variable, regulated concentration of a single amino 
acid in a controlled environment. This facilitates an in- 
vestigation of product inhibition and feedback control in 
Mammalian cells. (Supported by NSF-G13194, NIH-RG-6975 (R1) 
and Aging Grant 81-1709-Z.) 
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Biochemistry 


THE REQUIREMENT BY CULTURED MAMMALIAN CELLS FOR METABOLITES 
WHICH THEY CAN SYNTHESIZE. Harry Eagle and Karl A. Piez. 
Natl. Institutes of Health, Bethesda, Md. 

Six examples have now been encountered of metabolites which 
under certain culture conditions are essential for the 
survival and growth of cultured mammalian cells, despite the 
fact that they can be synthesized in amounts which should 
suffice for sustained if limited growth. These are cystine, 
homocystine, serine, inositol, pyruvate and tyrosine. In at 
least four of these instances, the nutritional requirement is 
due to the loss of the metabolite to the medium in amounts 
and at rates which exceed the biosynthetic capacity of the 
cell. The primary function of the added metabolite is to 
condition the medium with respect to that compound and thus 
limit cellular depletion. At a sufficiently high cell popula- 
tion density, varying with the particular compound from 103 
to 2xl105 per ml., the loss per cell is no longer prohibitive, 
and the compound need not be added to the medium in order to 
assure cell survival and growth. 


Biochemistry 


LIPID METABOLISM IN CULTURED MAMMALIAN CELLS. J. Martyn 
Bailey*, John H. Brazinsky*, Edward J. Walsh* and Choong Woo*. 
Dept. of Biochemistry, School of Medicine, George Washington 
Univ., Washington, D. C. 

Addition of human serum to the chemically defined medium 
used for growth of a strain of mammalian fibroblasts, results 
in up to a fifty-fold decrease in the incorporation of C?+- 
acetate into cell lipids. This decrease was found to result 
from the operation of two factors: (1) A feedback-type inhi- 
bition of acetate incorporation brought about by the serum 
lipids. This effect could be duplicated by adding purified 
lipids to the growth medium; (2) An exchange of newly synthe- 
sized cell lipids with unlabelled lipid in the external 
medium, This exchange process was catalyzed by the serum 
protein, The active factor in human serum was isolated by 
chromatography on DEAE cellulose, and shown to be an alpha 
globulin. The lipids were extracted from cells grown on media 
containing added c**-1abelled acetate, mevalonic acid or 
glucose, The extracts were fractionated by chromatography on 
silicic acid. Specific activities of cholesterol, trigly- 
cerides, fatty acids and phospholipids were measured under 
various conditions of growth. Results are discussed in terms 
of possible control mechanisms in cellular lipid biosynthesis. 


Biochemistry 
THE METABOLISM OF GLUTAMINE BY MOUSE L CELLS. Paul A. Kitos*, 


Ronald Sinclair*, and Charity Waymouth*. R. B. Jackson Mem. 
Laboratory, Bar Harbor, Maine, and the University of Kansas, 
Lawrence, Kansas. 

Glutamine is an essential component of media for the cul- 
tivation in vitro of NCTC clone 929 (strain L) mouse cells. 
The optimum concentration of this amino acid for growth in a 
semi-defined medium (ML 838/1) is one seventh that for a fully 
synthetic medium (MD 705/1). Whether grown in the semi- 
defined or synthetic nutrient solution the cells convert 
uniformly labeled C14-glutamine to identical products. During 
a 3 day period of exposure to radioactive glutamine the 
growing L cells synthesized only two C14_1abeled amino acids: 
glutamic acid and proline. Some of the radioactivity of the 
substrate was incorporated into protein, DNA, RNA, and lipid 
fractions of the cells. In addition there was extensive con- 
version of the carbon skeleton of glutamine to carbon dioxide. 
The incorporation of glutamine into cell protein was similar 
in either nutrient broth but its conversion to respiratory 
carbon dioxide was much more extensive in the synthetic than 
in the semi-defined environment. The combustion of a large 
quantity of glutamine to carbon dioxide in MD 705/1 by the 
cells did not spare the consumption of glucose. (Supported 
by Research Grants P-87A and IN-19, ACS, CRT-5013, NIH, and 
Instit. Cancer Grant, Univ. of Kansas. 
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Pathology 


ee ee ee eee Se 
AND ATHEROSCLEROTIC RABBITS' AORTAE. Araceli M. a 
QO. J. Pollak. Dover Medical Research Center, Dover, 

Intact aortae and aortae with induced chol- 
esterol-atherosclerosis were used for tissue cultures. Laz- 
zarini's ring-segment technic was employed. Free amino acid 
patterns were obtained by high-speed circular chromatography. 
Culture medium before planting of tissues served as control. 
Media were studied four, eight and twelve days after initial 
cell growth. There were considerable morphologic differences 
in type and character of cells cultured from normal and from 
diseased aortic intima. There were also considerable differ- 
ences with regard to free amino acids recovered from culture 
media. Glutathione and serine were present in media from 
normal tissues but. not in media from diseased tissues. Appear- 
ance of serine in the media poured off from older cultures of 
diseased tissues reflected replacement of endothelial cells 
by spindle cells. Alanine, phenylalanine and cystathionine 
were found in media from diseased tissue but not in media 
from normal tissues. Media from intact tissues contained more 
valine than media from diseased tissues. The reverse was true 
of glycine and leucine. The amounts of glycine and valine 
decreased after the second change of media as these amino 
acids were utilized for protein synthesis. 

(Supported by a grant from the National Heart Institute. ) 


Pathology 


MODIFICATION OF FREE AMINO ACID POOLS OF STRAIN L MOUSE 
FIBROBLASTS IN TISSUE CULTURE. R.J. Kuchler* and R.C. Grauer , 
Wm. H. Singer Laboratory, Allegheny Gen. Hosp., Pittsburgh, Pa. 
Free amino acid pools extracted from L cells grown in 
synthetic media of varying compositions and concentrations 
were investigated. The amino acids were quantitatively deter- 
mined by column chromatography. When L cells were grown in 
the presence of nineteen amino acids, the cell water was found 
to contain all these molecules to widely varying degrees. 
Grossly, the free amino acids can be separated into three 
major groups on the basis of their capacity to be pooled from 
this basic medium. Glycine, alanine, aspartic acid, threonine, 
proline, hydroxyproline and glutamic acid constitute the first 
group and are distinguished by their capacity to be concen- 
trated in cell water. Group II amino acids although present 
in significant amounts in cell water are not concentrated. 
Leucine, isoleucine, valine, methionine, phenylalanine and 
tyrosine make up this group. Arginine, histidine and lysine 
comprise group III and can only be found in traces. Modifying 
the exogenous amino acids can markedly alter the pool without 
affecting other growth parameters, It is concluded that amino 
acids move into an internal phase of the cell by some exchange 
mechanism across a boundary which selectively binds amino 
acids. Those having the greatest affinity are most likely 
pooled, (Supported by grant from Nat. Inst. of Health(A 3689). 


Pathology 


CHARACTERIZATION OF A NUTRITIONAL VARIANT OF HUMAN 
ESOPHAGEAL EPITHELIAL CELLS. S. G. BRADLEY* AND J, T. 
SYVERTON, DEPT, BACTERIOLOGY, UNIV, MINNESOTA, MINNEAPOLIS, 

HUMAN SERUM MEDIUM, FREED OF GLUCOSE BY QANDIDA STELLATOIDEA 
AND FORTIFIED WITH 21 AMINO ACIDS AND 9 VITAMINS, DID NOT SUPPORT 
GROWTH OF MINN, EE (ESOPHAGEAL EPITHELIAL) CELLS UNLESS 750 UG 
GLUCOSE PER ML WERE ADDED, YEAST TREATMENT, BUT NOT DIALYSIS, 
DEPLETED SERUM OF MOST REVERSIBLY BOUND GLUCOSE, AS WELL AS 
FREE GLUCOSE, PARENTAL CELLS,DID NOT MULTIPLY IN GALACTOSE, LAC- 
TOSE OR XYLOSE MEDIA, VARIANTS, COMPRISING 10~© PER CENT OF UN- 
CLONED POPULATION GREW CONTINUOUSLY IN GALACTOSE MEDIUM, CAPA- 
BILITY OF ONE SUBLINE TO MULTIPLY IN GALACTOSE WAS UNALTERED BY 
INTERPOSED TRANSFERS IN GLUCOSE MEDIUM, THE MUTANT COULD BE SUB- 
CULTURED IN LACTOSE OR XYLOSE MEDIA AND IN MEDIUM CONTAINING 100 
MG GLUCOSE PER ML. (THE FORMER TWO MEDIA CONTAINED LESS THAN 10 
JMS.) NEITHER THE PARENT NOR VARIANT UTILIZED DETECTABLE AMOUNTS 
OF GALACTOSE, TYPE 1 POLIOVIRUS DID NOT REPRODUCE IN MUTANT CELLS 
MAINTAINED IN LACTOSE~BASAL SALTS SOLUTION BUT DID GROW IN GLU- 
COSE-BASAL SALTS MILIEU, THE VARIANT UTILIZED GLUCOSE AND GLYCO- 
LYTIC INTERMEDIATES MORE EFFICIENTLY THAN THE PARENTAL LINE BUT 
WAS UNCHANGED WITH RESPECT TO GALACTOSE METABOLISM, 
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Pathology 

SERUM 7-GLUTAMYL TRANSPEPTIDASE ACTIVITY IN HEPATOBILIARY-PAN- 
CREATIC DISEASE. E.P. Pineda*, J.A. a at, and A.M. Ruten- 
burg*. Beth Israel Hosp. and Ha: q 1, Boston, Mass, 

y-Glutamyl transpeptidase (GT) catalyzes transfer of the 7- 
glutamyl group from 7-glutamylpeptides to amino acids and other 
acceptors. Serum GI activity was assayed colorimetrically wit) 
the substrate N-(DL-y-glutamyl )aniline in 465 patients with 
hepatobiliary or pancreatic disease. All icteric patients wit) 
common-duct obstruction, liver metastases, and acute hepatitis 
and most with cirrhosis or cholecystitis had high levels, 
Levels over 1500 units were common (50%) in liver metastases 
or coumon-duct obstruction due to cancer, but rare (4%) in 
acute hepatitis or drug-jaundice., Most anicteric patients with 
liver disease, common-duct stone, and pancrea’ 8 also had 
high levels which were rarely over 1500 except in liver met- 
astases, High sensitivity of serum GT suggests its usefulness 
as a screening test for hepatobiliary disease. Due to lack of 
specificity, serum GF aids in differential diagnosis only when 
levels exceed 1500. In control patients GI elevations, when 
observed, were mild and usually associated with other evidence 
of hepatic dysfunction. Biliary obstruction was almost inuvar- 
iably reflected by high serum GI. GT was more regularly ele- 
vated than alkaline phosphatase in anicteric patients with 
liver metastases or choledocholithiasis, (Supported by a 
USPHS grant. ) 





Nutrition 


A COMPARATIVE STUDY OF THE PROPERTIES OF ALKALINE PHOSPHATASE 
IN HUMAN CELL CULTURES. F, Herz* and H, M, Nitowsky, Sinal 
Hosp., and Dept. of Pediatrics, Johns Hopkins Univ.,Balto. Md, 
Enzymatic studies of human cell cultures revealed striking 
quantitative differences in the specific activity of alkaline 
phosphatase between diverse cell lines as well as their clonal 
strains, Studies to characterize the enzyme with respect to 
its intracellular localization, pH optimum, substrate specifi- 
city, Michaelis constant and effect of inhibitors showed that 
the properties were similar in all cell lines. However, 
studies of heat stability revealed marked difference. The 
enzyme from certain clonal strains was stable during preincu- 
bation for 30 minutes at 56°C while others showed a loss of 
activity anywhere from 45% to 90%. The kinetics of thermal 
inactivation were compatible with a monomolecular reaction, 
the rate of which was increased in the presence of 2-amino-2- 
methyl=l-propanol buffer. With certain exceptions, an inverse 
correlation was observed between specific activity at 38°C 
and stability during preincubation at 56°C. Experiments with 
mixtures eliminated the possibility of an inhibitor or 
stabilizer which might have accounted for the differences In 
heat lability. These characteristics persisted for many 
generations suggesting that the differences in activity and 
properties of phosphatase between cell lines are genetically 
determined. (Supported by a grant from Nat'l.Inst. of Health) 


Nutrition 


FATTY ACIDS OF THE LIPIDS OF HELA CELLS AND STRAIN L FIBRO- 
BLASTS. Robert P. Geyer and Ann Bennett. Harvard School of 
Public Health, Dept. Nutr., Boston, Mass. 

The fatty acid composition of HeLa and mouse strain L cells 
was studied by means of gas-liquid chromatography. The human 
cells were grown in Eagle's medium containing 10 per cent 
serum; the mouse cells, in Waymouth's serum-free medium. 
Lipids from these cells were first fractionated on silicic 
acid columns, and the fatty acids of the triglycerides and 
phospholipids were analyzed. HeLa cell lipids contained prin- 
cipally palmitic,stearic, oleic, and linoleic acids. The 
phospholipids contained considerably more linoleic acid than 
did the triglycerides, but the total percentage of unsaturated 
fatty acids was about equal in bothkinds of lipids. Lipids of 
strain-L cells contained mainly palmitic, stearic, and oleic 
acids. No linoleic or other polyunsaturated fatty acid was 
found. The distribution of acids was similar in both the tri- 
glycerides and phospholipids. Strain-L cells grown in the 
presence of serum contained a fatty acid spectrum similar to 
that found in HeLa cells. The results show that the fatty 
acid composition of tissue culture cells is conditioned by the 
presence of exog lipids, and that polyunsaturated fatty 
acids are not synthesized by the strain-L fibroblast, nor are 
they necessary for its multiplication. (Supported by a grant 
from The American Cancer Society.) 
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112 CELL, TISSUE CULTURE—Neoplasms 
Biochemistry 


TISSUE CULTURE OF MOUSE LEUKEMIC CELLS. H. D. Soule,* D. S. 
Ramsey* and P. G. Stansly. Detroit Institute of Cancer Re- 
search, Detroit, Mich. ‘ 

A C3H¢/Sp transplantable thymic tumor derived from a cell- 
free extract of a PL leukemic mouse was found to be readily 
gubculturable in Eagle's medium supplemented with 10% bovine 
serum, outgrowing other cell types, either adventitiously (as- 
sociated cells from the tumor) or deliberately (stable normal 
C3H¢/Sp thymic cell line) introduced. In stationary cultures, 
the thymic tumor cells grow as a diffuse, single-cell suspen- 
sion, non-adherent to the glass surface. The cell is readily 
cultured in spinner flasks for indefinite periods of time, and 
is easily preserved at -70°C. Examination has indicated that 
the culture consists solely of cells with a characteristic 
lymphoid morphology. Even after almost a year of cultivation 
and extended periods at -70°C., the cells produce a tumor 
typical of the original transplantable disease, and still iden- 
tifiable as thymic tissue. 





Biochemistry 


TRANSFORMATION OF CHICK EMBRYO CELLS IN CULTURE BY ROUS 
SARCOMA VIRUS == HISTOCHEMICAL STUDIES. E.Gambetta Hampton* 
and Maxwell L, Eidinoff*, Division of Biophysics, Sloan- 
Ketter: or Cancer Research,N.Y. 

Foci consisting of morphologically characteristic cells 
resuiting from infection of secondary cultures of chick 
embryo fibroblasts by Rous sarcoma virus (Temin and Rubin, 
Virology ,6,669(1958)) were studied by several histochemical 
methods. Addition of uridine-H3 to the culture medium for 
one hour and subsequent autoradiographic development indi- 
cated enhanced incorporation of this precursor into nucle- 
olar and cytoplasmic ribonucleic acid in cells present in 
a focus relative to uninfected chick embryo fibroblasts. 
Intracytoplasmic fluorescent material was observed in cul- 
tures of infected cells following treatment with fluores- 
cein-labeled turkey anti-Rous sarcoma virus serum in 
agreement with recently reported studies. Incubation of 
acetone-fixed cultures with suitable concentrations of 
lactate DPN and the ditetrazole Nitro-BT (Nachlas et al, 
J.Biophys. and Biochem.Cytol.,4,29(1958)) yielded Increased 
precipitation of the dinitroformazan in clusters of infected 
cells relative to uninfected cells. These results suggest 
increased lactic dehydrogenase activity accompanying the 
transformation of chick embryo fibroblasts to virus-produc- 
ing Rous sarcoma cells. 





Pharmacology 


THE METABOLISM OF RADIOPHOSPHORUS IN MOUSE EPIDERMIS, C.G. 
Huggins, A.A.Werder and V.E,Scholes*, Depts. of PharmatOI. and 
crobiol, Kansas Univ, Med, School, Kansas City, Kansas, 

The metabolism of phosphorus ( p-32) in normal epidermis 
normal epidermis from tumor-bearing mice (normalTR) and a bo. 
nethylcholanthrene-induced squamous cell carcinoma was studied 
in C57BL/6 mice, The various phosphorus-containing fractions 
Pf the tissue were isolated as described Huggins and Cohn 
J, Biol, Chem, 23h:257,1959), Time-rate studies in vivo, re- 
vealed that no: tissue reached a maximum incorporation in 
all fractions at 30 hr,, that for the tumor was 12 hr, and the 
normal TB had not reached a maximum at 30 hr, Phosphorus con- 
tent of the tumor tissue was greater than that of normal epi- 
dermis or nggmal TB epidermis, At the time of maximum incorpor- 
ation of P-32 the specific activity (S.A.) of each phosphorus- 
containing fraction in the tumor tissue was not significantly 
greater than that of normal tissue, however, at 30 hr, those 
of the normalrp epidermis were from 2-3 times those found in 
the normal * ermis, Lap cp ne under in vitro conditions 
after 2 hr, the S.A. of all frac jons from tte-timor tissue 
were 10-30 times those from normal tissue, Normalrp epidermis 
exhibited a S.A, pattern very similar to that found in tumor 
tissue, Histologically, no difference between normal and nor- 
malTR epidermis could be demonstrated, These data are inter- 
preted as indicating that normal epidermis from these tumor- 
bearing mice has a phosphorus metabolism more closely resem- 
bling that of tumor tissue than normal tissue, 
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Pathology 


FACTORS INFLUENCING TUMOR DEVELOPMENT IN TRANSPLANTS OF 
METHYLCHOLANTHRENE TREATED SKIN OF MICE. Charles A. Ashley, 
Mary Imogene Bassett Hospital, Cooperstown, New York, 

The site of action of chemical carcinogenic compounds was 
studied by separately transplanting epithelium and stroma from 
areas of skin previously treated with carcinogen, Full-thick- 
ness skin was similarly transplanted after carcinogen applica- 
tion, Transplants were placed subcutaneously to increase 
accuracy of subsequent identification. Tumors failed to 
develop in internal transplants of pure epithelial or full- 
thickness skin painted with methylcholanthrene, Tumors did 
develop in the painted sites from which the transplants were 
taken, Experiments have eliminated as primary factors in the 
failure of transplants to develop tumors: the strain of mice 
used, the transplantation site, and transplant necrosis. 
Tumors did not develop in transplants to unpainted mice of the 
same strain, suggesting that failure was not due to inhibiting 
factors in the host caused by exposure to methyl cholanthrene 
or by the continued growth of tumors in the areas painted, Al- 
though both normal skin and fully developed tumors survive and 
proliferate after transplantation it seems that one of the 
ultimate steps in tumor genesis is inhibited by transplanta- 
tion. 


Pathology 
Technique for growing in vivo "host-isolated" tumors. 
Pietro M. Gullino, National Cancer Institute, NIH, Bethesda, 
Md. 
The left kidney of an adult rat was transferred to the subcut- 
aneous tissue of the renal region after careful isolation of the 
peduncle. A sheet of paraffin, hour-glass shaped, with a 
slit in one half, was placed around the renal peduncle and 
heat sealed to form a cup containing the kidney. After im- 
plantation of tumor tissue under the renal capsule by trocar, 
the remaining part of the paraffin sheet was sealed to the 
edges of the cup to form a bag which was placed under the 
skin, Five to seven days later the bag was renewed and the 
peduncle carefully dissected. Ovary as well as kidney in 
mice, rats and hamsters was used and tumors as large as 20 
g- were grown. Ovarian implants have reached a size of 15 g. 
representing a 400 fold increase in weight over that of the 
ovary. The tumors remained sealed in the paraffin bags and 
isolated from the host except for the blood supply via a single 
vein and artery in the peduncle. Samples of the afferent and 
efferent blood were taken and the rate of blood flow through 
tumors of various sizes was measured, (Proc. Amer. 
Assoc. Cancer Res. 1961). 





Pathology 
SCALP TUMORS AS TOOLS OF QUANTITATIVE ONCOLOGY. Horace Goldig 


Parnell Averv:, Samuel] Houston:, Redie Iemons*, Franklyn 
Seabrooks:-, Expy Oncology Lab.,Meharry Med. College, Nashville 
Tenn, 


Inoculation into the scalp of the mouse of 10’ tumor cells 
from ground subcutaneous implants (S-37, C3H/AM etc.) induced 
growth only in the connective s.c, tissue between the periost 
anc the hairy skin i.e, in a single tissue structure, This 
growth,which was circular with sharply outlined edges, did not 
spread outside the scalp limits and the neck fold. Diameters 
and maximum height measured (by compasses and a praded needle) 
at reevlar intervals provided information in vivo on growth 
rate and amount. However, tumors induced in the scalp by asci- 
tic cells (Krebs-2, S-37 etc.) spread over the neck, face and 
upper dorsal and pectoral s.c, tissue and muscle, Mice with 
scalp tumors survived longer than hosts of the same tumor 
strains in other localizations. It is concluded that scalp tu- 
mors provide methods for in vivo quantitative estimates of 
growth and spread potential in various tumor strains and con- 
ditions, of tneir sensitivity to agents injected topically 
(peritumorally) or systemically, and of chanres in tumor hosts 
during their long survival. Grants from Damon Runyon Found. 
No. 466A and from Biol. Sect, , Atomic Mmergy Comm, 
AT(h0-1)-1993. 








Pathology 


IN VIVO AND IN VITRO DEMONSTRATION OF 
TUMOR IMMUNITY TO THE TRANSPLANTED 
MELANOMA OF HAMSTERS. S.A. Rosenberg* and 
J.C. Rosenberg.* Johns Hopkins University, Baltimore, 
and University of Minnesota Hospitals, Minneapolis. 

Serum from hamsters bearing either a melanotic or 
amelanotic variant of the Fortner melanoma was added to 
tissue cultures of similar tumor cells obtained from other 
animals, These cells were destroyed within 1 to 9 days. 
Serum from normal hamsters had no inhibitory effect on the 
growth of melanoma tissue cultures. Of 100 hamsters mat- 
ched into pairs, one member of each pair was randomly 
selected to receive a subcutaneous injection of a suspension 
of the melanotic melanoma. 72% of the animals developed 
atumor. Tumor fragments were subsequently implanted 
into the animals that did not develop a melanoma, and their 
controls. A 25% take was obtained in the group that had 
been previously sensitized. The control group demon- 
strated a 92% take. (Supported by a grant from the Am- 
erican Cancer Society). 





Pathology 


INFLUENCE OF OXYGEN CONCENTRATION ON FORMATION 
OF LUNG TUMORS BY TRANSPLACENTAL EXPOSURE TO 
URETHAN. Joseph A. DiPaolo*. Roswell Park Memorial 
Institute, Buffalo, N. Y. 

This study compared lung tumor incidence of hyperoxic and 
hypoxic pregnant A/St mice injected I.V. with 25 mg urethan/ 
0.25 ml H20, 48-24 hrs pre-partum, with tumor incidence in 
their offspring. Immediately after injection, mice were ex- 
posed in lucite chambers to 100 or 10% 02 or room air until 
after birth when they were returned to room air. Offspring 
and mothers were killed at 6 and 9 months, respectively. 
Lung tumor incidence was as follows: 57 progeny from mothers 
exposed to 100% 02, 11.7+0.5; 37 mice from 10% 02, 8.740.8; 
as compared to 4.5+03 in 48 room air mice. As length of ex- 
posure to either hyper or hypoxia is increased, number of 
adenomas/progeny decreased. In 40 mothers exposed to 100% 
02 during 24 hours, tumors/mother was 15.3; 9.7 in 29 ex- 
posed to 10% 02; 12.9 in 19 at room air. The mean at 100% was 
significantly different from the low that of 10% 02 group. No 
significant change in number of adenomas resulted from in- 
creased time of exposure. Both hyper and hypoxic mothers 
had fewer litters (35 and 24% respectively) and fewer mice/ 
litter (4.1 and 24 respectively) than mothers kept at room 
air (6.0). 





Pathology 


A SPONTANEOUS RHABDOMYOSARCOMA IN THE W/Fu 
RAT AND ITS BEHAVIOR ON SUCCESSIVE TRANSPLANT- 
ATIONS. Charlotte L. Maddock, Eleanor Riley*, and 
Livia Kury*. Children's Cancer Res. Fndn. and Harvard 
Med. School, Boston, Mass. 

The rather rare occurrence of a spontaneous rhabdo- 
myosarcoma in the rat prompts the presentation of this 
material. This tumor, originating in a W/Fu female of 
65 days, was first noted as a large tumor on the inner 
aspect of the left rib cage, extending from the sternum 
around to the spine. It is now in its 48th transplant. In 
spite of increasing malignancy, as evidenced by a shorter 
incubation period (originally 5 mos., now 2 wks.), more 
rapid increase in size of local implant, more regular and 
prompter appearances of lung metastases, as well as 
greater cellularity, it still retains its pathognomonic 
histological picture with cross striations at site of 
implant, as well as in distant metastases. Established 
tumors show some degree of response to Actinomycin D 
and x-ray. (Supported in part by a grant from NIH, 
USPHS #CY3335. ) 
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Immunology 


SELECTIVE INHIBITION OF S-91 MOUSE MELANOMA BY 
PHENYL LACTATE, IN VITRO. H, Demopoulos* and 
M, Clements* New York Univ. Sch. of Med., N.Y. 
Tissue explants of S-91 melanoma from DBA/2 
mice were grown on coverslips in M-199, including 
NaHCOz, and 10% horse serum. Phenyl lactic acid in 
concefitrations of 0.5, 1, 1.5, and 2mM/liter was 
added to the medium at the time of explanting. The 
PH was adjusted to that of the untreated controls, 
In 1 and 1.5mM the percentage "takes" was decreased 
from the usual 90% to 20%; 0.5mM had no effect and 
2mM prevented all growth. Similarly treated ex- 
plants of newborn mouse hearts and sarcoma-180 were 
not affected except for a moderate drop in "takes" 
with 2mM/liter., Treating the cultures after growth 
was established had no effects. Phenylalanine in 
equimolar concentrations completely reversed the 
effects of phenyl lactate when added together at 
the time of explanting; the latter agent may there. 
fore exert its effects through competitive 
inhibition. 


113 CELL, TISSUE CULTURE—Nucleic Acids 

Biochemistry 
ISOLATION AND PROPERTIES OF DNA FROM MAMMALIAN SPERM. Ellen 
Borenfreund* and Aaron Bendich. Sloan-Kettering Institute for 
Cancer Research, New York 21, New York. 

Aberrations in nucleic acids and chromosomes in certain 
congenital and heritable diseases prompted studies of DNA 
from germ cells. Due to a relatively impervious keratin-like 
membrane surrounding the sperm head, it has hitherto been 
difficult to isolate undegraded DNA. Bull or human sperm did 
not yield DNA after mechanical disruptions, or after pre- 
treatment with KCN, 9M urea, cysteine, 1,2-dimercaptoglycerol, 
thioglycollic acid at pH 6, trypsin, chymotrypsin, lipase, 
lysozyme or detergents. Treatment with 2-mercaptoethanol 
followed by trypsin gave nearly quantitative yields of DNA. 
Viscosity, sedimentation behavior in 8m CsCl and dilute NaCl, 
temperature-absorbancy relationships, kinetics of digestion 
with DNase, and base composition, were studied. Normal bull 
and human sperm DNA did not differ significantly from that of 
diploid tissues. These properties will serve as a basis for 
comparison with specimens from infertile individuals and 
those with genetic abnormalities. 





Biochemistry 


EFFECT OF MITOMYCIN ON MAMMALIAN CELLS IN CULTURE. E. Reich*, 
A. J. Shatkin*, R. Franklin® and E, L. Tatum. Rockefeller Inst. 
New York, N. Y. 

Mitomycins are broad-spectrum, anti-tumour, radiomimetic 
antibiotics of unknown structure. Previous work (Reich, Shatkin 
& Tatum, Biochim. Biophys. Acta, in press) has shown that their 
bacteriocidal property may be ascribed to the depolymerization 
of desoxyribonucleic acid (DNA) which occurs irreversibly in 
susceptible microB8rganisms. We have now investigated the effect 
of Mitomycin C on S-91 mouse melanoma and L-929 cell lines. 
The cytocidal action of Mitomycin C is irreversible following 
application for 4-24 hours. A high proportion of affected _ 
cells gives rise to giant forms. Examination of such cells by 
cytochemical and autoradiographic techniques reveals marked 
nuclear disorganization associated with globules of DNA in the 
cytoplasm. These observations, which parallel those recorded 
for bacteria, appear specific for Mitomycin. Aminopterin, 
bromodeoxyuridine, fluorodeoxyuridine, actinomycin D and 
azaguanine, at concentrations which inhibit growth and 
interfere with nucleic acid metabolism, do not give rise to 
similar phenomena. (Supported by grants from the National 
Cancer Inst., USPHS, and the National Foundation.) 
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Pharmacology 


further Studies on the Therapeutic Effectiveness 

of Carcinolytic Agents and Fatigue Muscle Extracts, 
Benedict B. O'Malley *, Robert Willheim * and Paul 
fluss. Fairleigh Dickinson University end Insti- 
Fute of Applied Biology, New York, 

Previous studies demonstrated that certain 
psychopharmacological agents were carcinostatic to 
ascites tumors in mice (O'Malley, Willheim and 
Fluss Fed. Proc. 1960 19: 395). Preliminary studies 
indicated that the therapeutic effectiveness was 
pased on direct oncolytic action, Further evidence 
from x-radiated and cortisone treated mice as well 
as extended time dose studies demonstrates that 
psychopharmacological agents produce therapeutic 
results based on the initiation of immunological 
processes. 

Fatigue muscle extracts were previously shown 
to be both growth depressant and nucleolytic in 
action (O'Malley, 1958 Jour. Prot. 5: 9). In these 
studies various frections of fetigue muscle extract 
display specific carcinostatic activity- which is 
in accord with the findings of Hoffman, Paschkiss 
and Centarow Fed. Proc. 1960 19: 396. 








Pathology 


TOXIC EFFECT OF SOME TUMOR NUCLEOPROTEIN FRACTIONS UPON FIBRO- 
BLASTS. Albert G. Smith. Duke Univ. Sch. of Med., Durham, N.C. 
Nucleoprotein preparations made from Ehrlich ascites and 
$-180 tumor cells have been studied for their effect upon sub- 

cutaneous tissues of mice and upon tissue cultures of L- 
fibroblasts. Nucleoprotein preparations were made according 
to techniques of Hotchkiss, Zamenhof and Hall and Gale, in- 
cluding the technique of denaturation of protein with sodium 
lauryl sulfate. These preparations have an absorption peak 
at 260 mu, and give negative tests to qualitative biuret, 
Millon, xanthoproteic, ninhydrin and sulfosalicylic acid tests 
for protein. However, paper chromatography and amino acid 
analysis reveals the presence of amino acids other than those 
found in DNA, indicating some protein contamination. There 
was inhibition of growth of L-fibroblasts in tissue culture 
by DNA prepared by ail techniques from both ascites and S-180 
tumor cells taken from the living mouse. This inhibition was 
blocked by the addition of DNase to the DNA preparations, in- 
dicating that the inhibiting factor was probably the DNA. in- 
jection of these tumor nucleoprotein preparations together 
with L-fibroblasts into the subcutaneous tissues of mice re- 
sulted in bizarre nuclear changes in some fibroblasts appear- 
ing in mice given the tumor DNA preparation but not in mice 
(Supported by USPHS grant #C-3894 (C2) 


Pathology 


CARCINOGENIC ACTIVITY OF NUCLEIC ACID EXTRACTS FROM NEOPLASTIC 
CELLS. Glen J. Dixon*, Bettie A. Duncan*, and F. M. Schabel, 
Jr,, Southern Research Institute, Birmingham, Alabama. 

The studies of Lacour, et al., in which they suggested that 
hucleic acids from human leukemic tissue possessed carcinogen- 
ic activity, prompted the investigation of nucleic acids from 
human tumor cells in vitro. Following the phenol extraction 
procedure of Gierer and Schramm, nucleic acid fractions were 
recovered from three continuous passage cell lines and animal 
neoplasms. Normal human and animal tissue extracts were em- 
ployed as controls. Phenol extracts of normal and neoplastic 
tissues were injected into new-born mice. During the follow- 
ing nine-month observation period, 9.4% of the 246 treated 
animals developed tumors generally at the site of injection; 
whereas animals injected with nucleic acids from normal tis- 
sues developed no tumors. The control animal data, coupled 
with independent observations from another laboratory, gave a 
Spontaneous tumor incidence of 1.6%. Chi-square analysis of 
the data revealed that the figure for tumor incidence with the 
Phenol extracts was significant beyond the 99.9% confidence 
level. The results suggest that nucleic acids from neoplastic 
human cells grown in vitro and from certain animal neoplasms 
are capable of altering the genetic make-up of cells when in- 
— into infant mice. (Supported by NIH Contract SA-43-ph- 

7) 
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Nutrition 


GROWTH OF MAMMALIAN CELLS IN THE PRESENCE OF OROTiC ACID. 
W. B. Savchuck* and W. L. Lockhart.* Division of Nutrition, 
Food & Drug Administration, 0.8. Dept. of Health, Education, 
and Welfare, Washington, D. C. 

Orotic (uracil-4-carboxylic) acid is an intermediate in the 
synthesis of nucleic acids by animal organisms and is a nutri- 
ent essential for certain microorganisms. To determine nutri- 
ent need of orotic acid by rapidly multiplying mammalian cells, 
cultures of human skin, liver, Hela, and "L" cells were grown 
for 3 days in medium containing orotic acid at concentrations 
ranging from 10 to 1500 ppm (above which level crystallization 
occurs in the nutrient fluid). Cell populations, estimated by 
DNA assay, more than doubled in control cultures in 3 days. 
The DNA content of test cultures containing up to 100 - of 
orotic acid was not significantly different from that the 
controls. Growth of all 4 cell lines was depressed at 1000 to 
1500 ppm orotic acid, although in no instance was inhibition 
complete. Compared with the controls, cultures of all 4 cell 
lines containing 50 ppm orotic acid showed a small (statisti- 
cally not significant) increase in growth. This observation 
is consistent with the report of Pileri and Ledoux (Biochim. & 
Biophys. Acta, 26:309, 1957) that in HeLa cells, orotic acid 
is a comparatively unimportant precursor of nucleic acids. 





Immunology 


CHROMATOGRAPHIC SEPARATION, AND CHARACTERISTICS OF NUCLEIC 
ACIDS FROM HELA CELLS. L. Philipson Rockefeller Institute, 
New York. 

The application of the phenol-duponol method to ex- 
traction of nucleic acids from Hela cells is described. 
Chromatography of the phenol extract on an esterified bovine 
serum albumin colum with a salt gradient of sodium chloride 
gives separation of soluble RNA, DNA, and two different high 
molecular RNA fractions. Ultracentrifugation of the DNA 
eluted from the colum gives a sedimentation coefficient 
(s? ) of 38, which agrees with ultracentrifugation data on 
thé Bhenol extract. The eluted RNA appears polydisperse at 
low ionic strength, but at high ionic strength and after 
alcohol precipitation two fractions with the sedimentation 
coefficients of 16 and 25-29, respectively, were obtained. 
(Aided by a grant from The National Foundation. ) 


115 CHEMOTHERAPY —Bacterial 
Pathology 


THE EFFECT OF LONG-TERM NEOMYCIN THERAPY ON SMALL BOWEL 
FUNCTION AND HISTOLOGY. Roger G. Metcalf*, Victor C. 
Brum* and Irving J. Poliner*. Gastroenterology Section and 
Research Laboratory, U.S.V.A. Hospital, Togus, Maine. 
Jacobson has reported an experimental malabsorption syn- 
drome in man produced by yein. He found jejunal biopsy 
changes and absorption studies similar to non-tropical sprue, 
but less marked. In an effort to confirm these findings, a 
patient was given eight grams of neomycin sulfate per day 
for four months. Small bowel absorption studies of fat, 
xylose and glycine suggest that neomycin has produced an 
altered absorption as compared with the patient's own con- 
trol. The xylose tests are consistent with a decreased ab- 
sorption. The form of the fat absorption curve infers 
delayed absorption, although the values are within normal 
range. Glycine is altered, presumably in the direction of 
increased absorption. Jejunal biopsies at one week, one 
month, two months and three months are normal. 
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116 CHEMOTHERAPY —Cancer 
Biochemistry 


STUDIES ON MECHANISMS OF THERAPEUTIC SYNERGY BY COMBINATIONS 
OF AZASERINE AND PURINE ANALOGS. Alan C. Sartorelli* and 
Barbara A. Booth.* Biomedical Div., Samuel Roberts Noble 
Foundation, Inc., Ardmore, Oklahoma. 

Enhanced inhibition of malignant cell growth has been at- 
tained using combinations of azaserine and purine analogs. To 
aid in the study of biochemical mechanisms associated with this 
enhancement, Sarcoma 180 ascites tumor-bearing mice were contin 
ually treated with azaserine and 6-chloropurine (1P), resulting 
in a subline no longer exhibiting synergism to the combination. 
Synergy by combinations of azaserine with 6-thioguanine (TG), 
6-mercaptopurine (MP), or with their ribonucleosides was also 
either lost or markedly decreased in the variant. In vivo ex- 
posure of Sarcoma 180 ascites cells to 40 mg/kg C1P or, an equi- 
molar dose of the ribonucleoside prior to glycine-2-C 4 re- 
sulted in decreased incorporation of isotope into nucleic acid 
guanine, while 10 mg/kg TG, 30 mg/kg MP or equivalent quanti- 
ties of their ribonucleosides inhibited both adenine and gua- 
nine synthesis. In the variant subline, in general, decreased 
inhibition of guanine synthesis de novo was observed with all 
purine antimetabolites tested; however, inhibition of adenine 
synthesis by TG, MP, and their ribonucleosides appeared compa- 
rable to that Chperved in the agpeitive tumor. Utilization of 
hypoxanthine-8-c!*, guanine-8-c1*, or adenine-8-Cl* for nucleic 
acid purine formation by the two neoplasms was similar, suggest- 
ing that purine nucleotide-forming mechanisms are intact. 











Biochemistry 


A METABOLIC PRODUCT OF 6-PROPYLTHIOPURINE IN MAN. Gertrude B. 
Elion. Wellcome Research Labs., Tuckahoe, N.Y. 
+Propylthiopurine inhibits transplantable mouse tumors, 
but is inactive in patients with chronic granulocytic 
leukemia. In man over one-third of the orally administered 
propylthiopurine was excreted in the urine as a metabolite 
(Y), whereas the mouse formed very little Y. This metabolite 
was inactive against Adenocarcinoma 755. Compound Y was not 
retained on Dowex-50 (Ht) and was found, together with uric 
acid, in the 0.1 N formic acid eluate from a Dowex-1 (formate ) 
column. Uric acid could be destroyed by treatment with hot 
0.2 N nitric acid, to which Y was stable. The ultraviolet 
and infrared absorption spectra suggested that Y is an 
8-hydroxypurine but not identical with 6-propylthio-8-hydroxy- 
purine and analytical data gave the formule CeHioN402S. 
Oxidation of 6-propylthio-8-hydroxypurine with hydrogen per- 
oxide or monoperphthalic acid gave a compound identical with 
metabolite Y. The position of the second oxygen remained to 
be allocated. Several chemical properties, e.g. stability to 
hydrolysis by hot 2 N hydrochloric acid and reduction by 
phosphorus trichloride to 6-propylthio-8-hydroxypurine, are 
consistent with an N-oxide formulation. However, the infra- 
red spectrum and the formation of Y from 6-propylsulfinyl- 
purine by the action of xanthine oxidase strongly favors the 
identification of Y as 6-propylsulfinyl-8-hydroxypurine. 


Biochemistry 


GLYCOLYSIS BY SARCOMA-180 OF MICE TREATED WITH 6- 
MERCAPTOPURINE. P.J.Fodor, D.A.Clarke and 0. 
Bodansky. Division of Enzymology and Metabolism and 
Division of Experimental Chemotherapy, Sloan-Ketter- 
ing Institute for Cancer Research, New York, N.Y. 

Swiss albino mice were implanted with Sarcoma- 
180 (8-180) and treated with 6-mercaptopurine (MP) 
as described (Fed. Proc. 19: 397, 1960). Fructose 
1,6-diphosphate served as substrate in a phosphate- 
bicarbonate medium reinforced with Mg’*, DPN, ATP, 
pyruvate and niacin amide. Lactic acid production 
was less than one-tenth of that in the controls. 
Addition of KF caused an approximate 50% stimulation 
of glycolysis by S-180 homogenates of MP-treated 
mice, but an approximate 30% inhibition of glycol- 
ysis ey the controls. Substitution of ATP by adeno- 
sine-5-phosphate did not result in a decreased 
glycolysis by the controls but reduced that by 
8-180 homogenates of MP-treated mice by one-third. 
Lactic dehydrogenase is significantly decreased in 
S-180 homogenates of MP-treated mice. Additional 
comparative studies of enzymes participating in 
glycolysis will be reported and an explanation of 
these observations will be attempted. 
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Biochemistry 

BIOCHEMICAL EFFECTS OF X=IRRADIATION ON MOUSE ASCITES CANCER 

CELLS. Eugene Garcia*, Elmon Coe*, William Larson*, Charles 
a Ralph W 


Slater* . McKee. Dept. of Physiol. Chem. , Univ. of 
Calif. , School of Med., Los Angeles, Calif, 
The immnization of C57 BL mice to Ehrlich carcinoma by in. 


jecting X-irradiated Ehrlich cells has been reported. The 
cancer cells appear to be altered so that the host animal is 
able to produce immunity to the altered as well as to com- 
pletely viable cells. Similarly, by repeated injections (8 
semiweekly) of 2000 r X-irradiated Gardner lymphosarcoma into 
C3H mice, complete resistance to the viable cells was produced, 
36 of 36 mice survived. However, when these were challenged 
with viable L2 lymphoma cells most of the mice died (27 of 30) 
Likewise, when AHe mice were given irradiated Gardner cells 
complete protection was afforded. Irradiated L2 lymphoma 
cells injected into AHe mice produced only partial immunity, 
12 out of 2) survived. Irradiated L2 given to C3H mice af- 
forded complete protection; however, a challenge of these 
mice with viable Gardner cells produced death in 7 of 13. 
Chemical and metabolic studies of the Ehrlich cancer cells 
indicate changes which may help explain the production of 
resistance in the mice. More ATP is present in the irradiated 
cells, there is a breakdown of nucleic acids and a partial 
extrusion of the nucleotides. (Supported by grants from USPH 
Service, Am, Cancer Soc. and Jane Coffin Childs). 


Pharmacology 


INHIBITION OF LABELING OF MITOCHONDRIAL PROTEINS BY COLCHICINE 
Elli Kohen*and Harris Busch, Dept. of Biochemistry and Pharma- 
cology, Baylor U. Col. of Med, Houston, Texas, 

Most effective antitumor agents exert marked suppressive ef- 
fects on labeling of acid-insoluble nuclear proteins of tumors 
(Busch, Amer and Nyhan, J, Pharm 127, 195, 1959), Colchicine 
did not significantly suppress labeling of nuclear proteins, 
In these studies, colchicine was injected i.p. into mice bear- 
ing the Ehrlich ascites tumor in doses ranging from 6-100 ps. 
At intervals from 12 to 24 hrs, after administration of the 
—, ascitic cells were incubated with 1 peurie of L-arginine- 
u-c-/4 for 1 hr. in a medium of Krebs-Ringer bicarbonate buff- 
er, At 16 hrs, after administration of the drug, 6,25,50 and 
100 ~g. of colchicine suppressed labeling of mitochondrial pro 
teins to 95,46,18 and 20% of control values respectively, 
Suppression of labeling of mitochondrial proteins was greater 
than the general suppression of labeling of protein. Marked 
suppression of labeling of mitochondrial proteins occurred in 
the interval of 16 to 24 hrs, following administration of 6 pe. 
of the drug, and at earlier times with higher doses, Thus, 
colchicine may exert antimitotic effects by inhibition of 
mitochondrial biosynthesis of substances necessary for comp- 
letion of metaphase, 





Pharmacology 


SUPPRESSION OF UPTAKE OF L-LYSINE-u-cl4 INTO NUCLEAR PROTEINS 
BY 5~BIS- (2'-CHLOROETHYL )- INOURACIL. Harris Busch, Joseph R. 
Davis’ and George R. Honig. Baylor U. Col. Med. Houston, Texas. 
Chromatography of acid-soluble nuclear proteins of tumors 
labeled with L-lysine-U-cl4 has indicated the presence of a pro 
tein peak (RP2-L) not found in nontumor tissues (Davis and 
Busch, Cancer Res.20: 1208, 1960). The optimal time for study 
of drug effects was derived from kinetic studies on in vivo in- 
corporation of L-lysine-U-C** into acid-soluble nuclear protein 
of the Walker tumor, liver and spleen. At 0.5, 1, 6 and 24 hrs, 
after administration of the tracer, the S.A. (cpm/E2g0) of pro- 
teins of the acid-extract of tumor was 1000, 3200, 2800 and 
2730. Corresponding values for liver were 450, 550, 815 and 673; 
for spleen, 910, 2025, 2135, and 1275. RP2-L was not present in 
nontumor tissues at any time point. The aminouracil mustard 
suppressed labeling of proteins of the whole acid-extract of 
tumor to 63% and 20% of control values at 6 and 24 hrs. after 
its administration and suppressed labeling of proteins of sple 
en to 40% and 22% of control values at the same time. In liver, 
a 2.5 fold stimulation of amino acid incorporation into acid- 
soluble nuclear proteins was noted at 12 hrs. after administra 
tion of the drug. cl4 uptake into RP2-L of the tumor was sup- 
pressed to 52% and 30% of control values at 6 and 24 hrs. resp- 
ectively, after drug administration. These data indicate a need 
for more selective inhibitors of RP2-L formation in tumors. 
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Pharmacology 
REACTIONS OF c14.LABELED THIO-TEPA WITH COMPONENTS OF NORMAL 
Mm TUMOR TISSUE OF RATS. L.B. Mellett and LA, Woods, Dept. 


of Pharmacol. Univ. Mich. Med. School, Ann Arbor, Mich. 

The reaction of C!4.1abeled N,N',N"'=triethylenethiophosphor- 
guide (Thio-TEPA) (specific activity 1.0 yc/mg) with tissue 
components of normal and tumor bearing rats was investigated. 
Msesue homogenates or the fractions of tissues separated by 
differential centrifugation were incubated with known concen- 
trations of Cl4-Thio-TEPA. The reactivity of the drug with 
each component was determined by the disappearance of Thio-TEPA 
according to the method of Mellett and Woods (Cancer Res. 20: 
524, 1960) and by the incorporation of radioactivity into the 
comonent. Liver, kidney, intestine, and tumor tissue (Walker 
rat carcinoma 256) were studied. The reaction of Thio-TEPA 
with the components of the various tissues was similar and in- 
dicated that reaction (17 to 36% of added drug) was confined 
almost exclusively to the nuclear fraction while the other frac- 
tions (mitochondria, microsome and soluble) reacted only mini- 
milly (0-6% of added drug). The reaction with the nuclear frac- 
tion was not reversed by washing the fraction with saline. In 
yivo reactions of Thio-TEPA were similar in that the majority 
of drug was fixed to the nuclear fraction. In vitro reactions 
of Thio-TEPA with DNA and with the various nucleosides and nuc- 
leotides of DNA further indicate a primary reaction with guan- 
osine and guanylate. (USPHS Grant CY 2992). 


Pharmacology 
UTILITY OF A CARCINOGEN INDUCED RAT MAMMARY CANCER AS A 
CHEMOTHERAPEUTIC SCREENING DEVICE. A. H. Owens, Jr. and 
George J. Busch.* Johns Hopkins Univ., School of Medi- 
cine, Baltimore, Md. 

The induction of mammary cancer in female rats by 
3-methylcholanthrene (3 MCA) has been reported by other 
workers (Huggins et al, Dao et al, Kim et al), who have 
noted inhibition of tumor growth by androgens, ovariec- 
tomy, hypophysectomy and stimulation by estrogens. 

These data suggest a parallelism to human breast cancer. 
The oral administration of 3 MCA, 10 mg 3 times weekly 
for 7 weeks, to 6 week old Sprague-Dawley females induced 
aultiple mammary cancers of similar histologic type in 
98% of the rats. Rats were assigned randomly to treat- 
ment and control groups with the restriction that each 
group was similar with respect to tumor sizes. HN2, 
cyclophosphamide, methotrexate, 6-mercaptopurine, actino- 
nycin D, and dihydrotestosterone (DHT) were given paren- 
terally in various dose schedules over a 4 week period.. 
No drug when given at maximum tolerated dose inhibited 
tumor growth as much as DHT. Drug effect was judged by 
changes in tumor size and number. Moderate food depriva- 
tion did not significantly affect tumor growth. (Sup- 
ported by USPHS grant CY-2823.) 


Pharmacology 
THE EFFECT OF THE ANTIBIOTIC SPIRAMYCIN ON A SPECTRUM 
OF ANIMAL TUMORS. .N. Back, R.R. Shields*, and A.E. 
Munson*. Roswell Park Memorial Institute, Univ. of Buffalo 
Graduate and Pharmacy Schools, Bflo., N.Y. 

The acute toxicity and antitumor effects of the antibiotic 
Spiramycin, derived from Streptomyces ambofaciens, was stud- 
ied in rodents with transplantable tumors. The intravenous 
IDso in mice for Spiramycin base, acetyl, and propionyl deri- 
vatives ranged from 110 to 204 mg/Kg; intraperitoneal LDso 
range was 230 to 407 mg/Kg. Spiramycin administered intra- 
peritoneally, 200 mg/Kg, for 7, 14, and 21 days inhibited the 
following solid tumors: Sa 180 (76% inhibition), Ehrlich adeno- 
carcinoma (65%), Leukemia L-1210 (60%), Carcinoma 755 (55%), 
Murphy-Sturm lymphosarcoma (55%) and Dunning leukemia (18%) 
Intravenous administration at 160 mg/Kg for 14 days was well 
tolerated and caused regression of Ehrlich adenocarcinoma 
(65%) and Sa 180 (57%) solid tumors. Spiramycin subcutaneous- 
ly inhibited only slightly Sa 180 and Ehrlich adenocarcinoma in 
the ascitic form. Antibiotic therapy was started 24 hours after 
subcutaneous implant of 1 x 107 tumor cells or intraperitoneal 
injection of 1 x 106 tumor cells. Spiramycin had no in vivo in- 
hibitory effect on Friend leukemia virus in mice. Criteria for 
inhibition were mortality, spleen weight and Fe59 uptake. 
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Pharmacology 
METABOLISM OF C?4-LABELED AMI CIL MUSTARD IN TUMOR-BEARING 
RATS. Paul Byvoet* Don A, Gard’ Helen R, Adams* and Harris 
Busch, Dept. of Biochemistry and Pharmacology, Baylor U. Col. 
of Med., Houston, Texas. 

Studies from this laboratory have dealt with effects of 5- 
bis (2-chloroethyl )aminouracil on metabolism of labeled amino 
acids and uracil in tumor-bearing rats, In the present study 
10 uc of aminouracil mustard-2-cl4 were injected into rats 
bearing the Walker tumor in a dose of 16 mg/kg. In all tissues, 
the S.A, (cpm/mg) of the RNA was maximal 12 hrs. after adminis- 
tration of the drug and was 10-50 times the S,A, of the protein 
and 4-10 times that of the DNA. At 12 hrs., the S,A, (cpm/gm) 
of the RNA of cytoplasmic sap, mitochondria and microsomes of 
the spleen was 1250,590 and 290 respectively. Comparable values 
for liver were 325,260 and 165, respectively; for tumor 670,315 
and 160, respectively. The S,A, of the nuclear RNA of spleen 
was 3 times that of tumor and 1.5 times that of liver. At 12 
hrs, after administration of the labeled mustard, the S.A. of 
the DNA was 300,230 and 75 respectively in spleen, liver and 
tumor, Thus, a main pathway for the uracil moiety of aminoura- 
cil mustard is to the cytoplasmic RNA, particularly of the 
spleen, 








Pharmacology 


THE EFFECT OF ORGANIC ARSENIC AND A BACTERIAL POLYSACCHARIDE 
IN THE CHEMOTHERAPY OF MALIGNANT NEOPLASMS, Samuel Rosner*, 
Gouverneur City Hosp., N.Y., N.Y. 

Groups of C 3 H mice were divided into 4 groups. In 
group 1 injected intracranially with methylcholanthrene a 
massive anaplastic glioma was formed in every mouse within 
150 days. All the mice died within 200 days, A 2nd group 
of mice were also injected intracranially with methylchol- 
anthrene, but were treated with a daily intravenous adminis- 
tration of an organic arsenic compound and a pyrogenic 
bacterial polysaccharide. The animals were sacrificed at 
400 days. Histologic examination of the brain tissue showed 
no neoplasm formation, A 3rd group of mice were injected 
intracranially with methylcholanthrene and then treatment 
as above instituted at 120 days, These animals were sacri- 
ficed at 400 days and no gross or microscopic evidence of 
intracranial neoplasms could be found, A 4th group of mice 
were used as untreated controls and they did not show evi- 
dence of spontaneous intracranial neoplasms when sacrificed 
at 400 days. A summary of the preliminary clinical evalua- 
tion of the combined treatment in humans will be presented, 


Pathology 
AET PROTECTION AGAINST HN2-HCl TOXICITY IN THE MOUSE. Tf. P. 
McDonald,* M. Asano,* and D. G. Doherty.* Biology Division, 
Oak Ridge Natl. Lab., Oak Ridge, Tenn. 

Preinjection of AET (S,2-aminoethylisothiouronium: Br* HBr ) 
reduces the biological effectiveness of methyl bis- (B- 
chloroethyl) amine hydrochloride (HNo‘HCl). The purpose of 
these experiments was to extend earlier observations on AET 
protection against injury from HNp.HCl. RF mice weighing 
21-26 grams were injected intraperitoneally with AET (9.0 
mg/mouse ) 20 min prior to intravenous injection of HNo-HCl 
(0.10 and 0.15 mg/mouse). The AET was dissolved in 0.5 M 
KHePO, (9-0 mg AET per 0.3 ml), and the pH was quickly 
adjusted to 7.0 with 4N NaOH. The LD 50/30 days of HNo-HCl 
was 0.127 mg/mouse , at which dose level the mice exhibited 
emaciation, ruffling of fur, inactivity, diarrhea, 
lacrimation, lack of muscular coordination, hyperirritability, 
and spontaneous convulsions. Pretreatment with AET reduced 
the 30-day mortality of mice injected with HNo-HCl; i.e., 
from 39% to 0.3% after 0.10 mg and from 85% to 30% after 
0.15 mg, suggesting a dose reduction of 40%. The 
characteristic symptoms of nitrogen mustard toxicity were 
less apparent; there was less tissue damage (* -pecially 
notable was a reduction in hemorrhage of bone marrow and 
brain), and recovery began earlier in AET-treated animals. 
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Pathotogy 


PROPOSED CHEMOTHERAPEUTIC MANAGEMENT OF THE 
INOPERABLE PULMONARY LESION. I. W. D. Henderson. * 
Dept.Surgery, Harvard Med. School at Peter Bent Brigham 
Hosp. and Children's Cancer Res. Fndn., Boston, Mass. 

A method is described, whereby, at thoracotomy anti- 
cancer chemotherapeutic agents may be locally instilled and 
retained in contact with pulmonary parenchyma. A triple 
lumen cardiac catheter is passed through the right atrium 
and/or the right ventricle of the dog into the main pulmon- 
ary artery or one of its lobar branches, which may then be 
selectively occluded. The first group of experiments con- 
sisted of instillation of an anti-cancer agent and a radio- 
active tracer (RISA) without pulmonary vein occlusion. Un- 
acceptable spill levels were satisfactorily reduced by tem- 
porary occlusion of the pulmonary vein. The hemodynamic 
spill of nonreactive RISA does not reflect accurately the ac- 
tual drug spill. Demonstration of this was provided by utiliz- 
ation of a tritiated agent, the uptake of which is detectable in 
lyophilised pulmonary tissue. The compounds employed have 
included nitrogen mustard in dosage of 0.05 mg/kg to 0.4 
mg/kg; cytoxan (cyclophosphamid) 10-20 mg/kg, and Actino- 
mycin D 30-75 mg/kg dog weight. Pre-infusion biopsies are 
compared with biopsies obtained at varying postoperative 
dates. The drug-induced histological changes are discussed. 
(Supported in part by a grant from NIH, USPHS #CY3335. ) 





iwutrition 


POTENTIATION OF THE ANTI-LEUKEMIC EFFECTS OF 2-AMINO 
THIADIAZOLE BY ISONICOTINAMIDE AND DERIVATIVES. J.H. 
Burchenal, H.F.Oettgen*, J.A.Purple*,V.Coley*. 
Sloan-Kettering Institute, New York 21 N.Y. 

2 amino thiadiazole(ATDA) is an inhibitor of the 
growth of transplanted tumors and leukemias in mice, 
and increases ‘synthesis of uric acid in the chick 
embryo and in man. These effects are reversed by 
nicotinamide (NA) and certain derivatives. In study- 
ing further the effect of compounds closely related 
to NA on the activity of ATDA against transplanted 
mouse leukemia, we have found that isonicotinamide 
(INA), the 4 isomer of NA, not only does not reverse 
but actually potentiates the antileukemic effects of 
thiadiazole. 122 mg/kg of INA, a dose which alone 
is non-toxic and without anti-leukemic effect will 
cause potentiation of the therapeutic activity and 
toxicity of ATDA so that 7.5 mg/kg daily in combina- 
tion with INA will have the same effect as 30 mg/kg 
of ATDA daily alone. The corresponding acid did not 
have either potentiating or reversing effects. The 
relation of structure to potentiation among INA 
derivatives will be discussed. 


Immunology 


EFFECTS OF CHLORPROMAZINE UPON SARCOMA 37 AND ROUS SARCOMA 
TUMORS. E. Force* and 0. Liu, SK&F Laboratories, Phila., Pa. 
The anti-tumor properties of chlorpromazine alone and in 

combination with bacterial endotoxins and known anti-cancer 
drugs were studied. Effects were observed in mice with newly 
transplanted and developed Sarcoma 37 tumors and in 7-day 
chicks inf..:ted with Rous Sarcoma virus. Chlorpromazine at 

8 mg/kg, giver intraperitoneally for five days immediately 
after transplantation, inhibited 60% of tumor development over 
the untreated controls. Doses as low as 1 g produced a 
6% inhibition. For the already developed solid tumor, chlor- 
promazine administered at 1,5,8,10 g, daily for 5 days 
caused 39,50,60,10% regression, respectively. Tumor necrotiz- 
ing endotoxins are generally toxic at effective levels. Mice 
were protected against this toxicity by chlorpromazine. How- 
ever, the per cent regression obtained with the combined 
chlorpromazine-endotoxin therapy was no greater than with 
chlorpromazine alone. Studies in 7-day chicks showed that 
daily doses of chlorpromazine at 2,), and 8 mg/kg and 6-mer- 
captopurine (6-MP) at 10 and 20 mg/kg were effective vs. Rous 
Sarcoma development. Chlorpromazine at 8 mg/kg or 6=MP at 

20 mg/kg was capable of producing a 60% reduction of the 
average tumor weight as compared with controls. No potentia- 
tion was noted in either system when chlorpromazine was com- 
bined with 6-MP or 6-thioguanine. 
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117 CHEMOTHERAPY —Parasitologic 
Pharmacology 


ANTIMALARIAL ACTIVITIES OF BIGUANIDES AND THEIR TRIAZINE 
METABOLITES. Carl C. Smith and R. Fradkin.* Christ Hospital 
Institute of Medical Research, Cincinnati, Ohio. 

A previous study showed that certain biguanides related to 
chlorguanide (CG) are metabolized in the monkey to triazines, 
The present study has involved a systematic comparison of the 
activities of these triazines and their parent biguanides 
against blood-induced infections with Plasmodium c in 
the rhesus monkey. CG triazine was found to be 1/4 as active 
as CG; the ethyl analog of CG and its triazine were found to 
be equally active; while the triazine derived from the propyl 
analog was 4 times as active as its parent biguanide. When 
these antimalarial activities are correlated with the extent 
to which the parent compounds are metabolized to triazines, it 
is readily apparent that the formation of these latter deriva. 
tives will account for no more than 1/5 to 1/20 of the anti- 
malarial activity of parent biguanide. These findings are in 
conflict with the frequently expressed opinion that the anti- 
malarial activities of biguanides are dependent upon their 
conversion to triazine metabolites and along with collateral 
data suggest that activities against simian malarias are 
common to both parent compound and triazine derived therefron, 
(Supported by grant E-2350, Nat. Inst. of Health. ) 





118 CONNECTIVE TISSUE 
Physiology 


THE ROLE OF CONNECTIVE TISSUE IN THE RESPONSES OF WHOLE 
MUSCLE TO OSMOTIC CHANGES. Thomas B. Calhoon, Department of 
Physiology, Medical College of South Carolina, Charleston. 
The weight gained by rat femoris rectus muscle and by 
pieces of subcutaneous connective tissue were determined when 
they were placed in solutions containing: 67.7, 142.1, 171.6, 
208.0 or 255.6 mEq total cation/Liter. The thiocyanate space 
was determined on muscles immersed in the isosmotic solution, 
From this value, the pre-immersed thiocyanate space was 
estimated. From these data, estimates were made of how much 
the connective tissue within the whole muscle accounted for 
the total weight gained by the whole muscle; the difference 
being due to the weight changes exhibited by the muscle cells 
within the whole muscle. It was found that the muscle cells 
appear to behave as osmometers. Thus, they swelled when the 
muscle was placed in a hypotonic solution, and shrunk when the 
muscle was placed in hypertonic solutions. It was concluded 
that the muscle cell volume did not reflect the weight 
changes exhibited by the whole muscle during immersion. 
This was due to the marked weight changes exhibited by the 
connective tissue within the muscle. (Supported by 
USPH Grant A-2466) 


Pharmacology 
INHIBITION OF INDUCED INFLAMMATION BY PARANYLENE, Alan C, 
Levy*, Robert H, Davis*, Dorsey E, Holtk Thomas H, 





Beaver*, and Robert D, Strain*, Scientific Laboratories, The 
Wm, S, Merrell Company, Div, of Richardson-Merrell Inc,, 
Cincinnati, Ohio, 

Paranylene (9-p-guanylbenzal)-fluorene) HCl inhibits lung 
consolidation (PSEBM, 100:495,1959) and has general anti-in- 
flammatory properties (Fed, Proc,, 18:381,1959). Current 
studies in rats reveal that it inhibits the infiltration of 
neutrophilic polymorphonuclear leukocytes into a subcutaneous 
connective tissue site of the abdomen inflamed by 17% gelatin 
injection, If administered locally with gelatin at ,005-,05% 
concentration, paranylene gave 20-31% inhibition in intact 
rats and 35-44% inhibition in adrenalectomized rats, Local 
hydrocortisone at equivalent concentrations, gave 21-26% in- 
hibition in intacts and 25-32% inhibition in adrenalectomized, 
Paranylene at .025-,400% concentration injected locally into 
a limb along with 2% mustard failed to inhibit edema formation 
in intact or adrenalectomized rats, Local hydrocortisone at 
similar concentrations yielded 37-53% inhibition in intact and 
39-61% inhibition in adrenalectomized rats, These results 
indicate that paranylene, administered locally, inhibits 
primarily the cellular and not the edematous aspect of inflam 
mation, 
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Pharmacology 


gFFECTS OF PARANYLENE AEROSOL ON VIRAL AND ENDOTOXIN INDUCED 
wNG CONSOLIDATION, William M, King*, F W, Mitchell*, 
Katherine Ludwig*, and H, W, Ritter*, Scientific Labora- 
tories, The Wm, S, Merrell Company, Div, of Richardson- 
Merrell Inc,, Cincinnati, Ohio, 

paranylene (PSEBM,100:495,1959) was administered by aerosol 
twice prior to and once a day for 2 days after intranasal in- 
stillation of either influenza virus (1000 IDsq of PR-8) or 
endotoxin (0,1 mg E, coli Difco), Control instillation pro- 
duced lung consolidation in 4 days in 100% of the mice, 
Groups of 9 mice were exposed to a total of 5 ml paranylene 
solution aerosolized into 0,1 to 2.0 » particles, Concentra- 
tions of 1 mg % or more produced 60% inhibition of consolida- 
tion from virus or endotoxin, The viral induced response was 
primarily @ peribronchial pneumonitis on days 2 and 3, pro- 
ceeding to segmental, lobar consolidation by day 4 and 5, The 
early endotoxin induced response was primarily an interstitial 

itis with a hemorrhagic as well as a macrophagic com- 

ponent progressing on days 4 and 5 to lobar consolidation, 
Paranylene aerosol inhibited both responses, Also, paranylene 
inhibited bronchiectasis observed in the untreated control 
nice, 





Pharmacology 


ORIGIN AND IDENTITY OF L.E.CELLS. Vaughan P. Simmons,* 
Marquette Univ. School of Medicine, Milwaukee, Wisconsin and 
Hdelity Mutual Life Insurance Co., Phila., Pa. 

It has become increasingly apparent that the L.E. cell is 
not specific for lupus erythematosus and that the theory of 
its origin must be revised. Comparison of typical L.E. cells, 
fussell bodies and Fod-Kurloff cells shows them identical in 
mny morphological and histochemical properties. Vitally 
stained Foa-Kurloff cells were used to demonstrate that the 
inclusion may exist as a readily dispersed liquid or as a 
detachable, intact "body". Bodies displaced by trauma become 
free-floating and available for phagocytosis; it is postu- 
lated that typical L.E. cells arise in this manner and that 
hematoxylin bodies are simply expelled material not yet 
picked up by other cells. Theinclusion is composed, at least 
in part, of mucoprotein synthesized within the parent plasma 
cell. The protein moiety is largely ¥-globulin, hence it is 
not surprising that "L.E. factor" moves in this fraction. 
Traumatizing techniques eject preformed, distensible globules 
from the parent cells; exposure time required to produce 
inclusions in white cells exposed to fluid containing such a 
"factor" depends on the quantity of both cells and target 
Gobules; the parent cells are produced and released in 
tormous numbers by the thymus. 


Pathology 


SOLATION OF A GLYCOPROTEIN FROM BOVINE AORTA. 
A, F, Fishkin, * G. S. Berenson* and Velma S. Kantrow.* 
‘uisiana State University School of Medicine, New Orleans. 

The interstitial matrix of connective tissue plays an im- 
portant role in the maintenance of integrity of cardiovascular 
structures. Within this matrix can be found carbohydrate- 
containing proteins, often greater in concentration than the acid 
mucopolysaccharides which heretofore have received primary 
attention, A method previously used to isolate a glycoprotein 
ftoman inflammatory tissue, which consists of water extrac- 
tion, dialysis, concentration at 80°C. , and alcohol precipita- 
tion, was similarly used to isolate a glycoprotein fraction 
{rom bovine aorta. Purification by zone electrophoresis on 
starch in borate-sulfate permitted isolation of 3 homogeneous 
sycoprotein with a mobility of -7.5X10-5 cm 2/sec, /volt in 
Yeronal, pH 8.6 and 0.1. The glycoprotein contained 71% 
Plypeptide, 7% sialic acid, 0.8% fucose and a trace of phos- 
thorus. Glucosamine and/or mannosamine, galactosamine, 
mannose , galactose and possibly glucose were identified by 
glass fiber chromatography, Examination of divided layers 
tthe aorta indicates an increased concentration in the intimal 
"gion, Studies of the glycoprotein are an approach to under- 
, g the complicated biochemistry of aortic connective 
issue and further emphasize the dynamic anabolic capabilities 
connective tissue. 














159 


Pathology 
CALCIFICATION OF AORTA IN EXPERIMENTAL ANIMALS. I. ru" 
and H, T wmenthal. Inst. of Exper. Path. ,The CSP. 


Previous study has show that apatite is the predominant 
the surface of elastin and cdllagen of 

the human aorta. The present study deals with epinephrine 
induced calcification of the rabbit aorta in an attempt to 
elucidate the mechanism involved, The experimentally induced 
apatite is similar to that in the human aorta, and its forma- 
tion is especially pronowmced on elastic fibers. Associated 
changes on the elastic fiter at the site of crystal formation 
suggest that an interaction of metachromatic polysacchrides 
and fibrous protein (elastin) may be involved in initiating 
calcification. Rabbits receiving epinephrine for four weeks 
and then observed for four months developed dissecting aneur- 
ysms of the aorta; in sush rabbits resorptim of the calci- 
fication was noted. adult lathyrism was produced in guinea 
Pigs and rats. Calcification of the aorta was fomd similar 
to that with epinephrine, including evidence supporting am 
interactia of polysaccharides and elastin as an antecedent 
to calcificatim. 
(Supported by NIH Grant H-2571). 


Pathology 


THE PATHOGENICITY OF MYCOPLASMA ARTHRIDITIS (PPLO). 
E. Virgil Howell* and Russell S. Jones. Dept. Path.,U. Utah Coil. 
Med., Salt Lake City, Utah. 

In a previous study sporadic polyarthritis in rats with Murphy- 
Sturm lymphosarcoma occurred only during regression of the tumor. 
When PPLO, recovered from tumor and joint lesions, were injected 
into PPLO-free rats, polyarthritis occurred only in rats with nec- 
rotic or recently regressed tumors. Further investigation has dis- 
closed that both host and agent factors were concerned in the patho- 
genesis of the polyarthritis. During the regression of the tumor a 
mild, transitory joint inflammation appeared, suggesting a prepara- 
tory host factor. Under certain cultural conditions, PPLO, when 
first recovered from infected tumor and joints, produced polyarthri- 
tis in normal animais, but lost pathogenic properties upon further 
subculture. When these avirulent PPLOs were grown on media sup- 
plemented with sterile tumor extract, pathogenic properties were re- 
stored. Diffuse and clonal forms PPLO have been isolated from the 
tumor. Twice as much interphalangeal polyarthritis followed the in- 
jection of the diffuse as the clonal form. Factors thus far disclosed 
in pathogenesis of PPLO polyarthritis are a) in vivo and in vitro loss 
and restoration of virulence of agent, b) clonal and diffuse form of 
agent, c) preparatory joint changes in host. (Supported by grant from 
National Cancer Inst.). 


Pathology 


A COMPARATIVE STUDY OF SCURVY AND OSTEOLATHYRISM IN GUINEA 
PIGS. J.J.Clemmons, Inst.of Pathology, WRU, Cleveland, Ohio, 
Experiments were undertaken to compare bone lesions occurr- 
ing in 300 em, guinea pigs receiving aminoacetonitrile (AAN) 
with bone lesions in guinea pigs fed a scorbutic diet, The 
following experimental groups were studied: (A) Scorbutic diet 
plus a supplement of ascorbic acid (AA) (5 mg/100 gm, B.W.), 
(B) Scorbutic diet. (C) Scorbutic diet and AAN (1 mg/100 gem, 
B.W./day) plus supplement of AA, (D) Scorbutic diet plus AAN 
(1 mg/100 gm.B.W./day), Once per week for 8 hours the animals 
were fed as indicated, but given a scorbutic diet containing 
5% tyrosine and the ah, hour urinary excretion of homogentisic 
acid (HA) determined, Group B developed the characteristic 
lesions of scurvy and excreted large amounts of HA when fed 
the high tyrosine diet. Group C developed lesions resembling 
those in group B, Separation and/or displacement of the femor- 
al and tibial epiphyses occurred in many animals of this group 
but not in the scorbutic group. Excretion of large quantities 
of HA did not occur during feeding of the high tyrosine diet 
to group C, Group D developed bone lesions of the same type 
and severity as noted in group C, It is concluded that AAN 
produces in guinea pigs bone lesions resembling scurvy, AA fed 
in excess of daily requirements does not prevent the occurr- 
ence of these lesions, HA excretion is not increased in animals 
given AAN and AA, (Supported by a U.S.Public Health Crant) 
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Immunology 


Hosp., y 0. sota 
The finding that 6-Mercaptopurine (6-MP) inhibits antibody 
formation has lead to the use of the compound in treatment of 
some of the “autoimmme diseases" with very satisfactory re- 
sults. This study was done to find whether 6-MP has a direct 
anti-inflammatory effect that might also explain the drug's 
Clinical usefulness, Four-pound rabbits were given daily in- 
jections of 2 mg.6-MP dissolved in 1 N. NaOH I.V. On various 
days after the onset of treatment, subcutaneous injections of 
O.1 m1.10% eggwhite were made at ten sites along the rabbit's 
back. Connective tissue biopsies were taken by Kolough's meth- 
od at 12 hr. intervals following the initiation of inflamma- 
tion. Results showed that 1) days of pretreatment greatly di- 
minishes the intensity of inflammatory response, Eight days 
pretreatment was effective to a lesser degree and four days 
pretreatment had no effect. To show that this was not due to 
the effect on the white blood count animals were treated with 
to give a comparable suppression of the white blood count, 
T treatment had no effect on the inflammatory response, 
(Aided by grants from U.S.P.H.S., Minnesota Heart Assoc., 
American Heart Assoc., Minnesota Div.of American Cancer Soc., 
Graduate School of the University of Minnesota. ) 


Immunology 


CHANGES WITH GROWTH IN THE DERMAL WHEAL RESPONSE TO 
INJECTED FLUIDS. William H. Batchelor*, Massachu- 
setts General Hospital, and Harvard Medical School, 
Boston, Mass. 

Wheal formation was studied for evidence of fluid 





distribution in adjacent tissues without tissue dis- 


tortion. Observations were made on wheals produced 
by graded fluid volumes injected intradermally in 
anesthetized guinea pigs. Preparation of animals, 
choice of anatomical location, use of the Latin 
square in distributing volumes followed published 
procedures (Miles, 1949, 1952). Injection fluid 
was a gelatin solution (0.5% in 0.15 M NaCl) con- 
taining india ink. The volume range studied was 
10-50 microliters, the delivery rate range 10-25 
microliters/min.. Animal size emerged as a signif- 
icant variable. Results are presented to contrast 
animal weight effects with the range encountered 
among animals of the same weight, and with effecta 
associated with change of injection rate. This 
growth effect suggests a reduced capacity to accom- 
modate fluid without tissue distortion in the lar- 
ger animal. (Supported by grants from the Whitney 
Foundation and the U.S. Public Health Service.) 


119 CONNECTIVE TISSUE—Disorders 
Biochemistry 
CONNECTIVE TISSUE CHANGES IN AORTAS FROM PIGS ON A 
COPPER DEFICIENT DIET. Norman Weissman, Geo S. Shieids* 
and William H. Carnes. U. Utah Coll. Med. , Sait Lake City, ‘ 
A high incidence of spontaneous aortic rupture has been noted in 
pigs reared on a Cu deficient diet supplemented with Fe. A compari- 





son has been made of the chemical composition of the aortas of 12 de- 


ficient pigs(A) and 6 controls supplemented with Cu(B). Buffered cold 
saline extracts (I) were made. The residue (II) was defatted, dried, 


weighed and extracted by autoclaving 3 times in water. The autoclaved 


extract (III) and residue (IV) were dried and weighed. I, I, and IV 
were hydrolyzed in 6N HCI and analyzed for total N, hydroxyproline 
and proline. Fraction I of A had significantly higher “rel, N, HyPro 
and Pro than that from B. Pro:HyPro of A was 8.5:1, similar to an 
elastin. Dry fat free weight of II was lower in A. The weight of III 
from A was higher than that from B but N, HyPro, and Pro content 
were the same. The N values (12. 1-13. 1%) were 30% lower than that 
of collagen. The weight of IV from A was lower than that from B and 
the Pro content was lower but the N and HyPro were the same. The 
N(15. 6%) was that expected for an elastin. The results indicate a re- 
duction of insoluble elastin and an increase of extractable polymer, 


with the Pro:HyPro of elastin in A. No change in collagen is indicated 


but an excess of non-N material is extracted in Il from A. (Sup- 
ported by grants from the Public Health Service). 
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Pathology 


BIOCHEMISTRY OF EMPHYSEMATOUS HUMAN LUNGS. 
A.M, BRISCOE*, W.E. LORING, and J,H. McCLEMENT*. 
Columbia Univ. and New York Univ., New York, N.Y. 

The study of changes in the chemical composition 
of the human lung accompanying aging has been extended 
to pulmonary emphysema, a pathological condition poss. 
ibly associated with the aging process. Emphysematous 
lungs showed the same correlations as normal lungs 
between increasing elastin content and decreasing lipij 
content with advancing age which we reported previously, 
A group of normal lungs from 14 individuals 67 = 13 yp 
was compared with a group of emphysematous lungs from 
11 individuals 64 t 10 yrs. at the time of death. Base 
on the dry weight of tissue, emphysematous lungs were 
found to contain a significantly lower percentage of 
elastin (-35%) and of hemoglobin (-27%), and a greater 
percentage of ash (+19%), of carbohydrate (+10%) and 
of iron (+39%). No significant difference was found 
between the two groups in the percentages of lipids, 
collagen, calcium or total nitrogen. The distribution 
of collagen was more heterogeneous in emphysematous 
tissue. (Supported by grants from U.S.P.H.S., N.I.H., 
and the New York City Heaith Research Council.) 


Pathology 


SERUM PROTEINS AND GLYCOPROTEINS IN EXPERIMENTAL SCURVY AND 
IN CARRAGEENAN GRANULOMA. Paolo Mombelloni™, Conrad Ls 
Pirani and Hubert R. Ca e Department o ” 
? cago, Ill. 

comnective tissue disorders are 
known to be associated with important changes in the serum 
protein and glycoprotein fractions. To further examine this 
phenomenon, young guinea pigs were fed ad. lib. 20-26 days m 
an ascorbic acid intake of 0.0, 205 and 25 mg/day. Pairafed 


triking increase of the alpha glycoprotein 
electrophoresis fraction. (Supported by USPH Grant A 968Ch) 


Pathology 

TUMOR GROWTHS IN LATHYRITIC RATS. Cedric McCrary,* Yas 
Akamatsu* and J. L. Orbison. Dept. of Pathology, Univ. of 
Rochester School of Medicine and Dentistry, Rochester, N. ¥ 

The WA 256 carcinosarcoma was injected subcutaneously, in- 
traperitoneally and adjacent to the femur in weanling rats, 
and subcutaneously in adult rats all on a diet of 0.4% BAPN in 
ground chow. Equal numbers of pair-fed and ad lib. controls 
on ground chow diet were similarly inoculated with the WA 256 
carcinosarcoma. Weanling rats with subcutaneous tumors died 
earlier than did their controls, and when the surviving rats 
were sacrificed at ten days, their tumors weighed more than 
did tumors in the pair-fed group. Since tumor moisture was 
significantly increased in the tumors of the lathyritic rats, 
the dry weight of tumor was the same in lathyritic rats and 
pair-fed controls. Lathyritic rats with the ascites variant 
of the WA 256 carcinosarcoma showed an increase in total vole 
ume of ascites fluid, and a decrease in cell number per CUs Ml: 
Hence, the total number of tumor cells produced was identical 
in the experimental and control animals. No significant dif- 
ference- in tumor weight was found in the adult rats. The in- 
jection of tumor next to the femur showed increased frequency 
of invasion into bone in the lathyritic rats. It appears that 
lathyrism causes an increase of water in transplanted tumors, 
allows increased osseous invasion and perhaps a more rapid 
death of the host, but not an increase in rate of tumor growl 
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Pathology 


SHRINKAGE TEMPERATURE OF COLLAGEN IN LATHYRITIC RATS. 
R. Bruns* and M.‘ L. Watson.* Dept. of Pathology, Univ. of 
fochester School of Medicine and Déntistry, Rochester, N. Y. 
Stainless steel wire-mesh cylinders* were embedded sub- 
cutaneously in lathyritic and normal rats. The cylinders 
yere removed 4-6 weeks later and the shrinkage temperature 
of small fragments of the newly formed connective tissue was 
determined on a heated light-microscope stage. The shrink- 
age temperature of the lathyritic tissue was significantly 
Jower than that of normal tissue. Electron microscopic ex- 
amination of tissue heated to specific temperatures in the 
vicinity of the shrinkage temperatures indicates that marked 
structural alterations of collagen fibrils occur in both 
lathyritic and normal tissue, but at a lower temperature in 
the lathyritic tissue. 
*Schilling, J.A., et al.:Surgery 46:702, 1959. 





Pathology 


SERUM ELASTASE INHIBITOR IN CHRONIC METABOLIC AND 
INFECTIOUS DISEASES OF THE AGED INCLUDING TEMPORAL 
ARTERITIS. R. F. Gilfillan, A. J. Sbarra, & W. A. Bardawil 
§t. Margaret's Hosp. & Tufts Sch. of Med., Boston, Mass. 

The nature and significance of the serum inhibitor of elastase in 
normal and pathological states is comparatively unknown. Employ- 
ing a nephelometric assay, inhibitor has been measured in a system 
described previously by the authors. (Fed. Proc., 19, 2271, 1960) 
bhibitor was found to be present in the same concentration in gord 
blood and in the 3-4th decade normal males and females; 30. 3-3.1% 
inhibition. Serum from 3rd and some 2nd trimester pregnancies 
yielded inhibitor levels 3-fold higher than non-pregnant females of 
the same age. Inhibitor levels in the remaining disease groups are 
presented in increasing order compared to those of 3rd-4th decade 
normals. Temporal arteritis, 0.8X; diabetes, treated successfully, 
li to 1,2X; tuberculosis, inactive, 1.6X; multiple sclerosis, 1.7X; 
diabetes, incompletely treated, 1.8X; arteriosclerosis, 1.8X; tuber- 
culosis, active, 2.2X; and rheumatoid arthritis 2.3X. It appears 
that in chronic diseases which may represent states of altered 
protein metabolism and possible chem. and structural modification 
of collagen and elastin, and in the case of tuberculosis; inhibitor 
levels are increased. Supported by USPHS grant B-1962. 





10 CONNECTIVE TISSUE—Metabolism 
Biochemistry 
Pancreatic Collagenase. J.C. Houck and Y.M. Patel*, Riochem- 


ical Research Lab., Children's Hospital and Dept. of Riochem. 
Georgetown Med. School., Washington, D.C, 


Alkaline extracts of whole pancreas contain, after dial- 


ysis and lyophilization, an enzyme which decreases the intrin- 


sic viscosity of neutral soluble collagen 55% while re- 
leasing 3% of the total®\NHy groups and oi 20% of the 
hydroxyproline content of the substrate dialysable. This en- 
zyme destroyed completely histochemically visualized fibrous 
collagen from Carnoy-fixed sections of rat skin, and decrea- 
sed the viscosity of suspensions of fibrous collagen parallel 
to the release of ANH groups. This enzyme preparation was 
employed in the presence of excess soybean trypsin inhibitor 
and did not hydrolyse hemoglobin, albumin or casein. There- 
fore we suggest pancreas contains an enzyme active upon, and 
Teasonably specific for, collagen-- a collagenase. 


ave tae 
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Biochemistry 


PRODUCTION OF LATHYRISM IN CHICK EMBRYOS BY HYDRAZIDES. David 
J. Smith*. Division of Laboratories and Research, New York 
State Department of Health, Albany. 

Injection of aminoacetonitrile, thiosemicarbazide, carbo- 
hydrazide, thiocarbohydrazide, cyanoacetic hydrazide, isonico- 
tinyl hydrazide, and glycyl hydrazide into 14-day chick 
embryos produces tissue fragility and large amounts of soluble 
collagen similar to that noted by Levene and Gross (J. Exper. 
Med. 110: 771, 1959) for beta-aminopropionitrile and semicarba- 
zide in this system. Iproniazid (isonicotinyl-2-isopropyl 
hydrazine) and cyanoacetic acid do not cause these effects, 
nor do 2-mercaptoethylamine, acetamidine, glycine hydroxamic 
acid, aminoguanidine, and 6-aminonicotinamide. The common 
feature of compounds producing lathyrism in the chick embryo 
appears to be the presence of a free hydrazine group, or, as 
in the case of the two nitriles, a uniquely active amino group. 
The ‘lathyrogenic effects of the nitriles are additive to the 
same effects produced by simultaneous injection of a hydrazide. 
Pyridoxal and its derivatives do not protect against several 
lathyrogens tested, and penicillamine and cycloserine do not 
potentiate hydrazide activity, suggesting that vitamin B6 is 
not involved in the lesion. (Supported in part by ONR 
contract Nonr 3266(00)). 


Biochemistry 


THE IN VITRO SYNTHESIS OF COLLAGEN BY THE UTERUS OF RAT. 
K.-Y.T.Kao* and T.H.McGavack*, Geriatrics Res.Lab.,VA Center, 
Martinsburg, W.Va. and George Washington Univ. School of 
Medicine, Washington, D.C. 

The in vitro synthesis of collagen has been demonstrated in 
connective tissue induced by sponge(Kao & Boucek, Proc.Soc.Exptl. 
Biol.Med. 98,530,1958) and by carrageenin(Green& Lowther, Bio- 
chem.J. 71,55,1959). So far none of the normal tissues of the 
body have been shown to synthesize collagen in vitro. Recently, 
we reported that of all tissues tested in vivo, uterus showed 
the highest capacity for collagen synthesis(Kao,Hilker & 
McGavack, Proc .Soc.Exptl.Biol.Med.,in press). The present study 
concerns the synthesis of collagen by uterine slices. Slices of 
uterus from Wistar strain rats were incubated, in a Krebs—Hense- 
leit medium with 1 ml of uniformly labelled C*4-lysine(0.625uc) 
at 37° in a Dubnoff incubator. After incubation, the mixtures 
were exhaustively dialyzed against 1 M NaCl until the dialysate 
was free of radioactivity. The protein was precipitated by 20% 
TCA. Collagen was extracted by Fitch's method and hydrolyzed 
with 6 N HCl at 110° for 16 hr. Radioactivity was determined. 
Hydroxylysine and lysine were separated by the method of Moore 
and Stein, The radioactivity of the hydroxylysine was used as 
a measure of collagen synthesis. The synthesis of collagen in 
uterine slices increased with time up to 6 hr. Factors affec- 
ting the collagen synthesis will be discussed. 








Biochemistry 
ISOLATION OF NUCLEOTIDE-OLIGOSACCHARIDES CONTAINING SIALIC 
ACID. G. W. Jourdian,* F. Shimizu* and S. Roseman. The 
University of Michigan, Ann Arbor, Michigan. 

We have previously reported the isolation of a nucleotide 
derivative of one of the sialic acids, CMP-N-acetylneuraminic 
acid, from E. coli K-235. Animal sources have now been ex- 
amined for sialic acid nucleotides, and two such substances 
isolated from goat colostrum. Compounds I (15 ~moles per 1. 
colostrum) and II (4 pmoles per 1.) were homogeneous by paper 
chromatography and electrophoresis. Mild acid hydrolysis of 
each gave UDP; treatment with venom nucleotide PPase gave UMP. 
Each contained galactose-and N-acylglucosamine (identified by 
paper chromatography). The molar ratios of uridine, organic 
P, N-acylglucosamine, galactose and sialic acid were: compound 
I, 1.00, 2.07, 0.98, 0.94, 0.97; compound II, 1.00, 1.72, 0.90, 
0.91, 1.06. Each compound gave negative tests for free amine 
groups, deoxyribose, and reducing sugar. The sialic acid res- 
idueof I is N-acetylneuraminic acid (NAN). Treatment of I 
with crystalline neuraminidase removes NAN yielding a new nu- 
cleotide, III: uridine, organic P, N-acylglucosamine, galac- 
tose; 1.00, 1.80, 0.98, 0.97. III was readily distinguished 
from UDP-galactose and UDP-acetylglucosamine. The data indi- 
cate that I and II may be structural isomers. This new type of 
nucleotide may be involved in the biosynthesis of mixed poly- 
mers like glycoproteins, glycolipids and polysaccharides. 
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Biochemistry 


URONIC ACID BIOSYNTHESIS BY SKIN ENZYMES. Bernard Jacobson,* 
Dept. of Biochem., Duke Univ., Durham, N. C. 

The presence of I-iduronic acid in chondroitin sulfate B 
and its direct metabolic origin from D-glucose has been pre- 
viously reported. Partially purified extracts of acetone 
powdered, milled, young rabbit skin convert uridine diphos- 
phoglucose and DPN to a mixture of nucleotide linked glucu- 
ronic and iduronic acids. Stoichiometric utilization of DPN 
based on recovered UDP-glucose can be demonstrated, whereas, 
in the presence of catalytic quantities of DPN, UDP-glucose 
may be quantitatively recovered. The nucleotide linked 
iduronolactone was isolated after paper chromatography and 
its identity confirmed by uronic acid analysis, spectral 
properties and the formation of reducing sugar after acid 
hydrolysis. Uridine diphosphoglucuronic acid was character- 
ized by similar methods and residual UDP-glucose was isolated 
and identified by reaction with UDP-glucose dehydrogenase and 
with glucose oxidase after acid hydrolysis. The presence of 
the two uronic acid components was also demonstrated after 
acid hydrolysis of isolated, mixed nucleotide fractions 
followed by chromatographic comparison with standards, colori- 
metric and spectral behavior. Direct enzymatic conversion of 
UDP-glucuronic acid to UDP-iduronic acid has been effected 
and preliminary experiments indicate that the epimerase 
reaction has an absolute requirement for DPN. 


Biochemistry 


HORMONAL CONTROL OF MUCOPOLYSACCHARIDE METABOLISM. E. A. 
Davidson, W. Small*and P. Perchemlides* Dept. of Biochem. and 
Center for Study of Aging, Duke Univ., Durham, N. C. 

The effects of steroid and pituitary hormones on the meta- 
bolic behavior of acid mucopolysaccharides have been investi- 
gated in mature rabbits utilizing glucose U-Cc** as a pre- 
cursor of the carbohydrate moieties of these polymers. Skin, 
cartilage and nucleus pulposus were isolated from animals at 
various time intervals following a single dose of glucose U- 
c++. A partially purified polysacchs: ide fraction was ob- 
tained from each tissue and hexosamines characteristic of the 
individual polymers isolated and assayed for total content and 
radioactivity. Results indicate marked alterations in gross 
composition, incorporation rate and turnover, dependent on 
the hormone used, as well as the polysaccharide measured. For 
example, nucleus pulposus composition may be altered by chang- 
ing either the rate of synthesis or of breakdown of chon- 
droitin sulfate C, skin hyaluronic acid content is increased 
several fold by androgens and cartilage keratosulfate is not 
detectably synthesized during cortisone treatment. In some 
cases, rate limiting biosynthetic steps appear to occur at 
levels no longer in equilibrium with body glucose. Pre- 
liminary experiments indicate the existence of more than one 
metabolic pool for all polymers examined, probably reflecting 
@ change in physical state following synthesis. 





Pathology 


THE METABOLISM OF ARTERIAL TISSUE, A. J. Sbarra*, 
W. Shirley*, R. F. Gilfillan*, & W. A. Bardawil, Dept. of Path. & 
Med. Res., St. Margaret's Hosp. & Tufts Med. Sch.,Boston, Mass. 
Using intact thoracic aorta from guinea pigs, it has been shown 
that this tissue will produce, under different conditions, a greater 
amount of CO9 from carbon one of glucose relative to carbon six. 
The C-1: C-6 ratio being 5. The addition of yeast extract or autolo- 
gous sera increases the ratio three fold. The stimulatory effect of 
yeast extract is heat stable. The increased flow of glucose thru the 
hexose monophosphate pathway may result in increased lipid synth- 
esis. Using uniformly labeled glucose as a lipid precursor, it was 
found that about 50% more activity could be recovered in the lipids of 
arterial tissue incubated in the presence of yeast extract as apposed 
to tissue incubated in the absence of yeast extract. Further, approx- 
imately 33% more lipid was synthesized by arterial tissue incubated 
in the presence of yeast extract. A mixture containing DPN, TPN, 
and CoA was found to be as active as yeast extract in stimulating 
lipid synthesis. These observations suggest that the glucose 
participating in the HMP pathway and the concomitant increase in 
lipid synthesis may be controlled by the availability of co-factor (s). 
(This work was supported by grants from USPH B1962 and E3236), 











121 CONNECTIVE TISSUE—Mucopolysaccharides 
Physiology 


ANTIHYALURONIDASE ACTIVITY AS MODIFIED BY MAGNESIUM AND 
CITRATE AND THE MENSTRUAL CYCLE, J. Percy Baumberger, Naomi 
F, Goldsmith*, Helen C, Leong*, and Joe Ficarra*. Physiology 
Dept., Stanford Univ., Stanford, Calif, 

The inhibitor of hyaluronidase present in human serum re- 
quires magnesium ion for its activation (Baumberger and Fried, 
1948). Karl Meyer, K. von Berlepsch and others failed to 
confirm these results but A, Dorfman, D, Glick and others 
were able to do so, These conflicting results may be as- 
cribed to failure to take into account one or more of the 
following factors: magnesium ion concentration, citrate 
concentration or physiological variation in inhibitor con- 
centration, We have taken these various factors into account 
and have experimental evidence that (1) magnesium has an 
optimal concentration; (2) that antihyaluronidase has a pcak 
of activity at the time of ovulation and (3) that addition 
of magnesium above the serum level potentiates the inhibitor 
to different degrees at different stages in the menstrual 
cycle, (Supported by USPHS Grant No. 6003) 





Biochemistry 
VITAMIN A AND NET SYNTHESIS OF MUCOPOLYSACCHARI DES, George 
Wolf and Antonio Moretti.* Radiocarbon Laboratory, Univ. of 
Illinois, Urbana, I11., and Istituto di Chimica Biologica, 
Univ. of Pavia, Pavia, Italy. 

A cell-free homogenate system from rat colon was developed 
which synthesized total as well as mucopolysaccharide (MPS)- 
bound hexosamines from glucose 6-phosphate, glutamine, DPN, 
ATP and UTP. Colons from vitamin A-deficient rats showed low- 
ered synthesis by about one-half, restorable with added vitamin 
A (but not other fat-soluble vitamins), at a minimum level of 
1.25x10-? ymoles per incubation. The vitamin deficiency had 
no effect on the synthesis of glucosamine 6-phosphate, nor was 
uridine diphosphoglucuronic acid effective in restoring impair- 
ed MPS synthesis to normal. Synthesis of total hexosamines was 
measured by acid hydrolysis, purification on a Dowex-50 colum 
and colorimetric assay, of MPS-bound hexosamines by the same 
method preceded by dialysis and precipitation. This method 
was checked with added chondroitin sulfate (complete recovery 
of hexosamines) or added acetylglucosamine or uridine diphos- 
phoacetylglucosamine (complete removal in dialysis). Using 
glucose-C1*, incorporation of radioactivity into hexosamines 
was obtained, and again lowered to about one-half in vitamin 
A-deficiency, restorable to normal with added vitamin A. 





Biochemistry 


IN VITRO STIMULATION BY DPN AND L-GLUTAMINE OF SULFATE INCOR- 
PORATION INTO MAST CELL TUMOR HEPARIN. Leonard Spelsen® sn 
Walter Marx. Univ. of Southern Calif 9 9 
Los Angeles, Calif, 

The in vitro incorporation of radioactive sulfate into 
heparin was investigated earlier using the Dunn-Potter P-815 
mouse mast cell tumor (Federation Proc. 17, 31h; 1958). ATP 
and Mg ion were found to be required for maximal incorpor- 
ation, These studies were continued using homogenates 
prepared from both the solid and ascitic forms of the tumor, 
It was observed that DPN caused a further increase in the 
uptake of radioactive sulfate by heparin, In the absence of 
exogenous DPN, L-glutemine also stimulated the reaction, 
under the conditions of these experiments, (Supported by & 
grant from NIH). 
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Biochemistry 


IDENTIFICATION OF ACID MUCOPOLYSACCHARIDES BY 
GLASS FIBER CHROMATOGRAPHY, E. R. Dalferes, Jr.* 
andG, S. Berenson.* Louisiana State University School of 
Medicine, New Orleans, La. 


A method for identifying the acid mucopolysaccharides 





(MPS) on sheets of silicated glass paper has been developed. 


The method, an ascending, displacement chromatographic 
technic, is based on solubility of MPS in varying concentra- 
tions of ethanol in solutions of various salts. Sulfuric acid 
spray and char over heat locate the MPS, although other 
staining technics can be adapted. Several systems incorpo- 
rating CaClg, NaH2PO4, or FeNH4(SO4)o are used to identify 
hyaluronic acid, heparitin sulfate, chondroitin sulfates A, B, 
C, keratosulfate, and heparin, Reproducibility of the method 
is not uniform, possibly due to polydispersity and range of 
solubility of MPS and factors in preparation of papers, but 
conditions can be established if pure samples of MPS for ref- 
erence are available. Evidence of separation of groups of 
known compounds, chromatographed as mixtures, i.e. chon- 
droitin sulfate A and C, has been obtained by isolation and 
identification by one or more analyses, i. e. infra-red. 
Although not ideal, this method is animprovement over others 
using cellulose paper. Furthermore, the technic supplements 
other procedures that fractionate MPS and offers an oppor- 


tunity to study certain properties as solubility of individual MPS. 


Biochemistry 
THE INFLUENCE OF THE THYROID GLAND ON METABOLISM OF MUCOPOLY~ 
SACCHARIDES IN SKIN OF RATS, Sara Schiller. LaRabida Inst. 
and Dept. of Bigchemistry, U. of Chicago. 

Acetate-I-C'* was used as precursor to determine rates of 
¢! disappearance from the hyaluronic and chondroitinsul furic 
acid fractions of skin in norma, rats and in rats fed a diet 
containing propy!thiouracil. C*" disappeared from both muco- 
polysaccharides much more slowly in the hypothyrotd than in 
the normal animal. The prolonged decay of c!4 observed in 
the hypothyroid rat was prevented by daily injections of 
thyroxine, Although the apparent half iife times of both 
mucopolysaccharides were increased in hypothyroid animals, 
quantitative determinations revealed that the concentration 
of hyaluronic acid was higher and that of chondroitinsulfuric 
acid was lower than found in normals. The administration of 
thyroxine to propylthiouracil-fed animals reversed these 
findings toward normal. The changes found in hypothyroid 
rats were also observed in hypophysectomized animals, suggest- 
ing that a lack of thyroid hormone(s) rather than an excess 
of TSH was responsible for the increase in hyaluronic acid 
and the decrease in chondroitinsulfuric acid, 


Biochemistry 
THE SYNTHESIS OF CHONDROITINSULFURIC ACID=PROTEIN COMPLEX BY 
CARTILAGE CELLS. F. K, Thorp and A, Dorfman. LaRabida 
Inst. and Dept. of Pediatrics, U. of Chicago. 
35 number of studies have demonstrated the incorporation of 
¥? into chondroitinsulfuric acid by soluble enzyme systems. 
In none of these has net synthesis of polysaccharide been 
demonstrated. Similar rates of turnover for the protein and 
polysaccharide moieties of the CSA=protein complex have been 
found in rat cartilage. Since it has been demonstrated that 
the enzyme responsible for the synthesis of hyaluronic acid 
in streptococci is found on the protoplast membranes, it 
Seemed important to localize synthesis of the chondroitine 
sulfuric acid=protein complex in cartilage cells. Suspen- 
Sions of cartilage cells may be prepared by removing the 
matrix of epiphyses of femurs and tibias of 13 day old chick 
embryos with trypsin. Following incubation of such suspen= 
Sions in 3 protein-free partial tissue culture medium con- 
taining $ > it was possible to isolate a radioactive protein- 
polysaccharide complex by the use of carrier, On repeated 
purification with cetylpyridinium chloride the radioactivity 
remained constant, while on paper electrophoresis, rggio- 
activity remained at the origin with the complex. $°? was 
also incorporated into certain cell fractions. 
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Biochemistry 


PROPERTIES OF CHONDROITIN SULFATE C. Martin B, Mathews. 
LaRabida Inst. and Dept. of Biochem., U. of Chicago. 
Chondroitin sulfate C (CS=C) of elasmobranch cartilage con- 
tains additional ester sulfate. Some fractions show more than 
0.2 mole additional ester sulfate per repeating disaccharide 
period. Preparations of CS-C from higher fish, however, con- 
tain less than theoretical ester sulfate. Mechanisms of sul- 
fation and of desulfation, independent of chain synthesis, 
may be involved in biosynthesis of these compounds, Shark 
CS=C has M between 30,000 and 50,000. Comparison of molec- 
ular parameters shows CS-C to possess a stiffer chain than 
CS“A. Unlike CS-A, CS-C is stable in dilute alkali. The 
carboxy] groups of CSA and CS-C have identical acid strengths. 
It is possible that the additional sulfate and the compara- 
tively stiff chain of CSC contribute to the stabilization of 
CS=C protein complexes of shark cartilage. (Supported by 
grants from the American Heart Association and Chicago Heart 
Association). 


Biochemistry 


ENZYMATIC SYNTHESIS OF 3-074-D=GALACTOPYRANOSYL-N=ACETYL~D- 
GLUCOSAMINE. MARY CATHERINE GLICK* AND FRIEDRICH ZILLIKEN. 
DEPT. BIOCHEM., SCHOOL OF MED., UNIV. OF PENNSYLVANIA, PHILA. 

LACTOBACILLUS BIFIDUS VAR. PENNSYLVANICUS REQUIRES N- 
CONTAINING SACCHARIDES, E.G. N-ACETYL=D=GLUCOSAMINE (GNAC) 
AND 4=05f=-D-GALACTOPYRANOSYL=N=ACETYL=D=GLUCOSAMINE, FOR 
GROWTH. AN ENZYME PREPARATION, SEDIMENTABLE AT HIGH SPEED 
AND STABLE TO RNAASE, CONVERTED 4-05f-D-GALACTOPYRANOSYL=N- 
ACETYL=D=GLUCOSAMINE TO 3-05f-D=GALACTOPYRANOSYL=N=ACETYL=D= 
GLUCOSAMINE 1!N THE PRESENCE OF ATP AND Mo** or GaAL-1-P. THE 
SYSTEM ALSO SYNTHESIZED 3-054-D-GALACTOPYRANOSYL=N=ACETYL=D-= 
GLUCOSAMINE FROM GNAC, GALACTOSE, ATP AND Ma** or FROM GNAC 
AND GAL=1=-P. AN ENZYME PREPARATION CONTAINING O.8 «MOLE 
NUCLEOTIDE PER MG PROTEIN CONVERTED 12 ~eMOLES GAL=!=P TO 
THE DISACCHARIDE. THE LATTER WAS ISOLATED AND WAS FOUND TO 
HAVE THE M.P. OF AUTHENTIC 3-054-D- GALACTOPYRANOSYL=N- 
ACETYL=D=GLUCOSAMINE ISOLATED FROM HUMAN MILK (KUHN, R., 
GAUHE, A., BAER, H.H., BER. 87, 289, 1954). PERIODATE CON~ 
SUMPTION, ALKALI LABILITY, AND PRODUCTS OF ACID HYDROLYSIS 
AND NINHYDRIN DEGRADATION ALSO IDENTIFIED THE ENZYMATIC 
PRODUCT AS 3-059=D=-GALACTOPYRANOSYL=N=ACETYL=D=GLUCOSAMINE. 
(SUPPORTED BY A GRANT FROM U.S.P.H.S.) 


Pharmacology 


EVIDENCE FOR A HYALURONATE=PROTEIN COMPLEX IN HUMAN SYNOVIAL 
FLUID. D. Hamerman* and J. Sandson. * Albert Einstein Coll. 
of Med., New York. 

From normal human synovial fluids a product has been ob- 
tained by mild methods consisting of hyaluronate (Hy) and 
about 1% protein combined by linkages that eppear not to be 
salt-like. Synovial fluid was diluted with buffer (pH 7.2) 
and ultrafiltered (l x ) through a 0.1 » Millipore filter. 
The ultrafiltrate residue containing Hy was ultracentrifuged 
to remove insoluble material. The resulting Hy contained 
about 1.5% protein. Acid hydrolysis and chromatography re- 
vealed amino acids. The product was labelled with 1131 (pH 
8, 20° C) and zone electrophoresis carried out on polyvinyl 
chloride in a phosphate buffer (pH 7.l;). All the Hy migrated 
in a zone toward the anode with about 50% of the radioactivity; 
the remainder of the 1131 stayed at the origin. Zone electro- 
phoresis of samples of Hy containing 7131 was carried out at 
pH 11, 8.6, and 4.5, and the Hy and radioactivity migrated ex- 
actly together, and the specific activity of Hy was constant. 
Hy containing I131 was digested with streptococcal hyaluron- 
idase, and zone electrophoresis over the same pH range showed 
dissociation of Hy fragments from the radioactivity. The 
digested hyaluronate was completely filtered through a collo- 
dion membrane that retained all the radioactivity. The abili- 
ty to label with I131 the small quantity of protein bound to 
Hy may prove useful in further studies of the compound. 
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Pathology 
HYALURONIC ACI” SYNTHESIS BY MAMMALIAN TISSUES, Charles H. 
Altshuler, George Kinsman* and John Bareta*. St.Joseph's 
Hospital, Milwaukee, Wisconsin. 

Other investigators have shown the synthesis of hyaluronic 
acid in cell free extracts from Rous sarcoma and encapsulated 
Group A streptococci. In the present study hyaluronic acid 
synthesis has been demonstrated in cell free extracts of 
human synovia, embryonic cranial fibroblasts and foreskin 
fibroblasts, using either UDPNAG-H3 or UDPGA-ClL as markers. 
After reaction, cold hyaluronic acid (isolated from the 
source studied) was added as carrier and the deproteinized 
reaction mixture was separated on columns of dextran gel. 
Differences in elution patterns and specific activity were 
demonstrated between hyaluronic acid derived from synovial 
reactants and that from Rous sarcoma or encapsulated strepto- 
cocci. Syncvial hyaluronic acid demonstrated greater poly- 
dispersity and a higher specific activity in the lower molec- 
ular weight fractions. (Supported by a grant from U.S.Public 
Health Service A-1897). 


Pathology 


THE EFFECT OF HEPARIN AND HEPARIN-ANTAGONIST ON THE LEVELOFMENT 
OF EXPERIMENTAL CARCINOMAS IN MICE. M.R. Dunn* & S.A. Jonsson+# 
Department of Pathology, Woman's Medical College, Bey Pae 


Because mast cells may possibly serve as agents of host re- 
sistance to deter skin cancer, we studied the effect of hepar- 
in (one of the mast-cell's products) and a heparin-antagonist 
(protamine sulfate) on induced skin cancer in mice. Skin can- 
cer was produced in Swiss white mice by topical application of 
methylcholanthrene. All animals received daily subcutaneous 
injections under the site of application of the carcinogen: 
control group A received saline, group B heparin sulfate, and 
group C protamine sulfate. The protamine-treated group devel- 
oped more tumors, at a faster rate, and with a higher percent- 
age of malignant tumors than the control group; these differ- 
ences are statistically significant. The heparin-treated group 
did not differ from the control group. Histologic studies 
showed mast cell hyperplasia beneath areas of epithelial hyper 
plasia and benign papillomas, ,but showed a decrease in mmbers 
of mast cells beneath invasive carcinomas; this occurred in 
all 3 groups. The protamine-treated group showed the highest 
percentage of damaged mast cells. (Supported in part by 
A.M.A. Grant #27.) 


122 CONNECTIVE TISSUE—Wound Healing 
Pathology 


A COMPARISON OF THE ULTRASTRUCTURE SEQUENCES IN NORMAL VS 
SCORBUTIC WOUNDS. Russell Ross*and Earl P. Benditt, Dept. of 
Pathology, Univ. of Washington, Seattle, Washington. 

A study of the sequences in healing skin wounds in normal 
and scorbutic animals was made with the electron microscope. 
Linear incisions in the skin of male guinea pigs (225-250 gms.) 
were made. Animals were divided into two groups, a control, 
and an acutely scorbutic. The wounds were examined from 16 
hours to 14 days after wounding. Tissues were fixed in osmium 
tetroxide, post-fixed in cold, neutral buffered formalin, and 
embedded in "epoxy" resin. In the early phase (16-24 hours) 
both groups were similar; the wounds consisting of polymor- 
phonuclear leukocytes, macrophages, and extracellular debris. 
The first fibroblasts were identified by 24 hours. The middle 
phase (3-7 days) showed large numbers of fibroblasts, and only 
in the controls was there abundant collagen. The control 
fibroblasts were characterized by extensive development and 
dilation of the endoplasmic reticulum, enlargement of the mito- 
chondria, and numerous fine intracytoplasmic filaments. 
Scorbutic fibroblasts appeared similar to the controls but 
also contained numerous electron-dense, irregular bodies, 
which were osmophilic and sudanophilic. In the late phase (9- 
14 days) the fibroblasts in each group retained their charact- 
eristic norphology. (Special Res. Fellow, N.I.D.R., Research 
Supported by Grant H-3174 N.H.I., U.S.P.H.S.) 











Pathology 

EFFECT OF MAGNETIC FIELDS ON WOUND HEALING IN MICE, 
Leo Gross* ano Lawrence W. SmiTH WALDEMAR MEDICAL ReseaRcy 
FOUNDATION, PORT WASHINGTON, New York 

EVIDENCE 16 PRESENTED TO SHOW THAT WOUND HEALING PROCEEDS 
AT A SLOWER RATE IN MICE HOUSED IN MAGNETIC FIELOS OF 4000 
GAUSS THAN IN CONTROL MICE. TO MEASURE THE RATE OF WOUND 
HEALING, HISTOLOGIC EVALUATION OF THE LESIONS (USING CoDED 
SLIDES) WERE CARRIED OUT QUANTITATING THE INFLAMMATORY 
REGPONGE, DEGREE OF COLLAGENIZATION, VASOLARI ZATION, RATE 
AND EXTENT OF EPITHELIALIZATION, AND THE TIME OF APPEARANCE 
OF FIBROBLASTS AND FORMATION OF FIBROUS GCAR TISSUE. ON THis 
BASIS, MICE WOUNDED AND PLACED IN MAGNETIC FIELDS EXHiBITED a 
SIGNIFICANT DELAY IN WOUND HEALING. MICE REMOVED FROM 
MAGNETIC FIELDS AND THEN WOUNDED SHOWEO SIMILAR BUT LESSER 
DELAY IN WOUND HEALING, AS COMPARED WITH CONTROLS. RESIDENCE 
IN MAGNETIC FIELDS PRIOR TO WOUNDING AND HOUSED UNDER NORMAL 
CONDITIONS DURING THE POST=WOUNDING PERIOD EXHIBITED A SIMILAR 
DELAY IN THE HEALING PROCESS. IN ALL MAGNETIC FIELD ExPoseD 
GROUPS, ALL HISTOLOGIC ELEMENTS OF WOUND HEALING ARE DELAYED 
BUT THE MOST MARKED EFFECT WAS A DELAY IN FIBROSIS. THE DaTA 
SUGGESTS THAT THE MAGNETIC FIELD APPLICATION CAUSES A BASIC 
PHYSIOLOGIC ALTERATION RATHER THAN A DIRECT EFFECT ON THE 
WOUNDED TISSUES, SINCE THE DELAY OCCURRED EVEN WITH PRIOR 
MAGNETIC FIELD EXPOSURE. 





Nutrition 


THE SOURCE OF SERUM GLYCOPROTEINS. 0O.W. Neuhaus*, H. F. Bal- 
egno*, and A. T. Milauskas*. Wayne State University College 
of Medicine, Detroit, Mich. 

Maximum elevations of electrophoretically classified %, 
and proteins and hexosamines have been reported in rats 2 
to 4 days after experimental injury. The source of these in- 
creased proteins may be either the site of injury or liver, 
To determine if the liver is responsible, male white rats 
(200-300 gm.) were partially hepatectomized; approximately 
75% of liver was removed. Control rats were injured by 
laparotomy. All animals were killed 2 days after operation 
since at this time maximum changes were observed in laparo- 
tomized rats. The liver hypertrophied to 75% of its estimated 
original weight. Results for total serum proteins, hexos- 
amines and their electrophoretic distributions are as follows. 


Total Serum Protein Hexosamine 
Prot. Hex-Am AH2 2 
Normal 7.0* 131** 0. 86* 1.13* 25.2**  20.0** 
Lapar. 6.5 159 1.22 1.29 38.6 32eu 
Hepat. 5.4 100 0.60 0.90 18.7 19.4 
* gm./100 ml.; ** mg./100 ml. 


These data show that the liver is a major source of the in- 
creased 2 and #& glycoproteins produced in response to in- 
jury. (Supported by a grant from the U. S. Public Health Ser- 
vice). 


123 DRUG ACTION 


Pharmacology 


INHIBITION OF DIAMINE OXIDASE BY BULBOCAPNINE IN VITRO, J.E, 
Chapman* and E,J.Walaszek, Univ, of Kansas Schdol~6Y Meditine 
Kansas City, Kansas, 

Since Peters (Arch, exper, Path u Pharmakol, 51: 130, 190k) 
description of a catatonic state associated with the admin- 
istration of bulbocapnine, many studies have been undertaken 
to elucidate the biochemical mechanism of action, The present 
study was undertaken following the observation that bul bocap- 
nine enhanced the response of the isolated guinea pig ileum to 
histamine, We have also demonstrated bulbocapnine potentiation 
of histamine in the isolated perfused rabbit ear, The present 
in vitro study compares the known inhibitory capacity of iso- 
Wicdtinic acid hydrazide (INH) on diamine oxidase (hog kidney) 





.with the activity of bulbocapnine, Both are pre-incubated with 


the enzyme for 15 minutes at 370C and pH 7.2, Subsequently 
histamine is added and incubated for 30 minutes, Residual his- 
tamine after 30 minutes is used as a measure of enzyme activily 
as influenced by INH and bulbocapnine, Histamine is measured 
by a spectrophotofluorometric method described by Shore (J. 
Pharmacol. 127: 3, 1959), Bulbocapnine is found to inhibit 
diamine oxidase 72% in a concentration of 10-3 M, 28% at 10-4 
M, 8% at 10-5 M, INH in a concentration of 6.3 x 10-0 M was 
found to inhibit diamine oxidase 50%, Bulbocapnine produced 
50% inhibition of the enzyme at a concentration of 5.5 x 10-4 
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27 DRUG ACTION 


Pharmacology 


POTENTIATION OF SMUUTH MUSCLE STIMULANTS BY LYSERGIC aCIv vI- 
ETHYLAMIDE (LSD). C.M,Smith* and E,J.Walaszek, Dept. ot Phar- 
nacology, Univ, of Kansas Med. School, Kansas City, Kansas, 

We have reported previously that the hallucinogenic proper- 
ties of LSD are probably not related to its ability to poten- 
tiate the stimulatory effect of the neurohumoral polypeptide 
substance P on the isolated guinea pig ileum, The present 
study was undertaken to ascertain the mechanism of this poten- 
tiation, LSD can inhibit substance P destroying enzyme acti- 
vity of guinea pig brain but it has no effect on a substance 
Pp destroying enzyme preparation from guinea pig ileum, Thus it 
does not seem that the mechanism of the potentiation is due to 
inhibition of this enzyme, The potentiation was not due to a 
sumation of the stimulatory effects of LSD and substance P, 
ISD, in conc, of 6,6 x 10-8 and higher, has also been found to 
potentiate the stimulatory response to acetylcholine, LSD was 
added to the organ bath 2 minutes before the addition of the 
agonist and the potentiation was easily reversed by washing 
the ileum with fresh Tyrode's, Eserine was also capable of 
potentiating the response of the guinea pig ileum to substance 
P, LSD inhibits pseudo cholinesterase and it was concluded 
that LSD possibly potentiates the stimulatory effect of acetyi- 
choline and those of substance P by an inhibition of intesti- 
nal pseudo cholinesterase, 


Pathology 


THE PROTECTIVE EFFECT OF PARASYMPATHETICOMIMETIC AGENTS ON 
RESPIRATORY EPITHELIUM EXPOSED TO IRRITANT AEROSOLS. Paul 
Kotin, Hans L. Falk*, Herta M. Tremer*. Dept. of Path., Univ. 
of Southern California, School of Med., Los Angeles, Calif. 
Characteristic morphologic and physiologic alterations occur 
following exposure of ciliated mucus-secreting epithelium to 
environmental aerosol irritants. Epithelial changes include 
goblet cell hyperplasia and hyperactivity. Physiologic changes 
include alterations in consistency of mucus and a slowing of 
mucous flow. The application of the pharmacologic agents in 
solution and in aerosol form (prepared by Riker Laboratories) 
resulted in a restoration of normal mucous flow rate when ap- 
plied after exposure of the epithelium to irritants. A pro- 
phylactic effect is observed when the agents are applied prior 
to exposure of the epithelium to irritants. Pharmacologic 
agents tested include cholinergic drugs (acetyl choline bro- 
nide, methacholine chloride, bethanechol chloride, and carba- 
chol chloride), choline esterase inhibitors (eserine salicylate 
and prostigmine bromide), and arecoline hydrobromide. All ma- 
terials were applied in 1:10,000 dilution except acetyl choline 
bromide for which a 1:100,000 dilution was used. Protection 
as determined by the maintenance of normal mucous secretion 
and mucous flow rate persisted for 6 hours following a single 
application despite re-exposure of the epithelium to irri- 
tants at hourly intervals. 











Pathology 


INTERACTION OF CHLORPROMAZINE WITH EPIPHYSEAL 
CARTILAGE OF RACHITIC RATS. Alfred F. Harris* and 
C.V. Teodoru. Isaac Albert Research Institute of 
ewis ronic Disease Hospital, Bklyn, N.Y. 
osure of rachitic tibial sections for 1 hour 
to solutions of 1.0% Chlorpromazine (CPZ) in water, 
indicated binding of CPZ to the cartilage surface. 
In contrast with untreated sections, the cartilage 
exposed to CPZ did not stain metachromatically with 
atoluidine blue 0 (TBO) -calcium chloride solution, 
and did not bind luteocobaltichloride. (PZ treat- 
ment partially inhibited calcification in vitro at 
concentrations as low as 0.125%. 
The interaction presumably occurs between CPZ 
and the chondroitin sulfate (CSA) of the cartilage. 
As suggested by turbidimetric studies, this inter- 
action is a rate phenomenon, accelerated by. calcium 
fon. The product is reversibly sensitive to temp- 
erature, and dissociates at low pH values. CPZ 
suppresses the metachromasy of solutions of TBO 
and CSA, 
These results may provide further evidence 
implicating CSA in the mineralization process. 
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Physiology 


THE ANALGESIC EFFECT OF ANALGESIC-ANTAGONIST COMBINATIONS 
IN THE RAT. L. Grumbach and H.I. Chernov*, Sterling- 
Winthrop Research Institute, Rensselaer, N. Y. 

The analgesic effect of 10 different analgesics, alone 
and in combination with various doses of nalorphine and 
levallorphan, was measured in the rat by the original 
D'Amour-Smith method. The dose of nalorphine required to 
reduce the analgesic effect from the 80 to the 40% level 
was found to be constant (about 95 mg/kg, SC), regardless 
of the relative potency (range = 1 to 1350) or chemical 





nature of the analgesic (morphine, phenazocine, methadone, 


meperidine, and 6 derivatives of meperidine). The same 


result was obtained with levallorphan against 4 analgesics 


except that the constant dose was about 40 mg/kg, SC. 
Gaddum Drug-Ratios (molar ratio of analgesic and antago- 
nist doses producing a 50% analgesic effect) were deter- 
mined for 2 potent analgesics against nalorphine and 
levallorphan at analgesic doses up to 64 EDg.'s. The 
ratios for each pair of the 4 studied were constant, and, 
when corrected for relative potency, equal to each other. 
These results show that, in the rat, the analgesics used 


in this study have the same mode of action and are equally 


potent at the site of activity regardless of their chem- 
ical nature. A similar statement applies to the antagon- 
istic effect of the antagonists used in this experiment. 


Pharmacology 


CRITERIA OF THE NATURE OF ENZYME INHIBITION - STUDIES ON 
MONOAMINE OXIDASE AND CHOLINESTERASE INHIBITORS. Mark Nick- 
erson and Surendra S. Parmar*, Univ. of Manitoba Faculty of 
Medicine, Dept. of Pharmacol. & Therap., Winnipeg, Canada. 
The method of Lineweaver and Burk applied to the inhibi- 
tion of monoamine oxidase by harmaline, amphetamine, and the 
hydrazine derivatives, iproniazid (Marsilid) and JB-516 (Ca- 
tron) indicated that all produced competitive inhibition. How- 
ever, inhibition by iproniazid and JB-516, but not that by 
the other agents, was increased by preincubation. Similar 
studies of inhibition of brain acetylcholinesterase by eser- 
ine and DFP indicated competitive and noncompetitive inhibi- 
tion respectively. Preincubation increased inhibition by both, 





but the eserine preincubation effect was transient. All inhibi- 


tors studied appear to react with the same enzyme sites as 
does the substrate. However, the hydrazines and DFP appear 
not to be in competitive equilibrium with the enzyme and sub- 
strate during most of the usual test period. This graphic 
method appears to be inadequate to determine type of inhibit-= 
ion when agents reacting relatively irreversibly are involved, 
and the K,; values calculated represent empirical measurements 
of activity rather than dissociation constants. Such inhibit- 
ors may be referred to as "nonequilibrium antagonists" by 
analogy with certain pharmacological blocking agents with 
similar characteristics, 


Pharmacology 


COMPETITIVE INHIBITION OF CONVULSIONS DUE TO THE DIETHYLAMINO 
ETHANOL ESTER OF DIPHENYLACETIC ACID (ADEPHENINE) BY ITS QUA- 
TERNARY ETHIODIDE. R. K. Richards and K. E. Kueter*. Div. of 
Exp. Therap., Abbott Laboratories, North Chicago, Illinois. 

It had been shown earlier in this laboratory that the cen- 
tral convulsive action of procaine in guinea pigs can be sig- 
nificantly blocked by prior administration of either of the 
hydrolytic split products of this ester (JPET, 87, 42, '46). 
Furthermore, the quaternized ethiodide of procaine can marked- 
ly reduce the incidence and severity of procaine convulsions 
while the methiodide homologue lacks this protective effect 
(Arch. exp. Path. u. Pharm. 219, 35,'35). These findings are 
probably due to a structure-bound competitive mechanism. 
Attempts were made to find additional examples for competitive 
inhibition of convulsions following the injection of tertiary 





amines by prior administration of their quaternary derivatives. 


Results with injections of the quaternary ethiodide of cocaine 
prior to convulsive doses of cocaine HCl were inconclusive. 
However, the incidence and severity of convulsions caused by 
i.m. injection of 80 mg/kg of adiphenine (Trasentine™) were 
markedly decreased by prior i.p. administration of it quater- 
nized ethiodide at 25 mg/kg, an asymptomatic dose. Ths rela- 
tive specificity of this compound was demonstrated by its 
failure to affect penthylene tetrazol (Metrazol®) convulsions. 
The quaternary methiodide, given at similar doses, failed to 
protect against adiphenine convulsions. 


ncaa Tam 








Pathology 


VASCULAR LESIONS FROM CORTICOSTERONE OVERDOSAGE. 0. Hall and 
C. E. Hall, The Carter Physiology laboratory, University of 
Texas Medical Branch, Galveston, Texas. 

Immature female rats were’ sensitized to hormone action by 
unilateral nephrectomy and high NaCl intake, then treated with 
either 2 or 5 mg/day of corticosterone by subcutaneous injec- 
tion. At 2 mg/day transient hypertension developed in many 
enimals. At 5 mg/day as reported by Skelton (Endocrinol 62, 
635, 1958) sustained hypertension commonly occurred. Examina- 
tion of tissues revealed neither cardiac lesions nor periar- 
teritis among animals which survived the full period of exper- 
imentation, although caréiac damage wes observed in one or two 
animals which died during the experiment. Renal lesions, how- 
ever, were found in all animals treated with hormone. At the 
lower dosage the characteristic lesion was glomerular and vir- 
tually all glomeruli were affected. Endothelial cell enlarge- 
ment usually became so pronounced as apparently to obliterate 
some or all of the capillary bed. At low dosage arteriolar 
lesions were not seen and tubular lesions were rare. At high 
hormone dosage the same alteration was present, but nephro- 
sclerosis was superimposed. The basic renal lesion produced 
by corticosterone is quite unlike that produced by desoxy- 
corticosterone and only at high dose levels was there any 
similarity. 

Supported by USPHS Grant RG-4833. 


125 DRUG ACTION—Mechanism 
Physiology 


UPTAKE OF clisrreprouycn BY SENSITIVE RESISTANT AND DEPENDENT 
STRAINS OF CHLAMYDOMONAS, Ruth Sager*, Columbia Univ., N. Y. 
Both chromosomal and on-chreaseonal enetic factors 
which alter cell response to streptomycin (S a3 Cc. reinhardi 
were previously ey (Science 1950 132:1)59)- etic 
studies of uptake of S were designed to find out if resist- 
ant or dependent strains show altered Rior cis t to the drug. 
Log phase cells were exposed to 2); ug/ml of C'S (Merck) for 
intervals of 15 seconds to 2); hours, washed and collected on 
Millipore filters and counted in a gas flow chamber. Two kinds 
of S binding were observed. One kind consists of S retained 
after Ho0-wash but lost after washing wath unlabeled S or 
medium qu). All strains retain about 10° molecules per cell 
after H,0-wash, Uptake occurs in less than 15 seconds and does 
not incfease with time, Residual S not removed by washing with 
S or M is also, bound to a similar extent by all strains studied 
about 2=3 x 107 molecules per cell. Neither mode of S binding 
distinguishes sensitive from resistant or dependent cells under 
conditions lethal to the sensitive strain, A more delicate 
index of S uptake or localization is provided by S inhibition 
of dark synthesis of chlorophyll which occurs at sub-lethal Ss 
concentrations in sensitives and in certain resistant strains, 
Tims the killing action of S is not a direct function of 
uptake of the drug. (Supported by grants from PHS and NSF, ) 


Biochemistry — 


DCI INHIBITION OF HYP!RGLYCEMIA AND FFA RELEASE. William 

C. Love* and James Ashmore. Dept. of Pharmacology, Indiana 

University School of Medicine, Indianapolis, Indiana. 
3,4-Dichloroisopropylarterenol (DCI) inhibits in vivo 

the hyperglycemic response to epinephrine (epi) but not 

to glucagon. The ability of this Adrenergic Blocking Agent 

(DCI 10-°M) to alter another parameter of epinephrine 

action was investigated using the rat epididymal fat pad, 

in vitro, Adipose tissue was incubated in Krebs bi- 

carbonate containing 4% albumin and glucose 10mM, FFA 

release was determined by Dole's procedure. Representative 

figures (as micromoles of fatty acid released by lg. 

tissue/90 min. incubation) are Control 1.92, Bpi 15.5, 

DCI 3.42, Epi+DCI 3.34. Surprisingly, DCI also blocks 

the fatty acid mobilizing action of growth hormone 

(Control 1.16, STH 2.50, DCI 0.70, STH+DCI 0.64) and 

corticotrophin (Control 0,78, ACTH 5.2, DCI 1.3, 

ACTH+DCI 1.5) (Supported by USPHS Grant No, A2701 and 

The Arthritis and Rheumatism Foundation New York) 
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Bicchemistry 

ON THE MECHANISM OF AMINONUCLEOSIDE NEPHROSIS IN RATS. 
Carl S. Alexander”, Vincent R, Hunt” and Herbert T. Nagasane’, 
Univ. of Minn. Med. School and VA Hosp., Minneapolis, Minn, 

The aminonucleoside (P-A) of Puromycin [9-(3-amino-3-deoxy. 
B-D-ribofuranosyl)-6-dimethylaminopurine] regularly produces 
nephrosis in rats by a mechanism not yet understood. Corti- 
sone or nitrogen mstard administration, compiement fixation, 
precipitin tests and passive transfer experiments have all 
failed to provide evidence for an immune mechanism. Siml- 
taneous administration of known RNA precursors did not block 
or reverse P-A induced nephrosis except for adenine which 
offered only partial and temporary protection. Weekly or bi- 
weekly administration of P-A at levels ranging from 1.5 mg,/ 
100 g. to 0.5 mg./100 g. induced proteinuria at a much less 
total cumlative dose than when administered in the usual 
daily dose, suggesting a mechanism of action similar to chemi. 
cal carcinogens. Since 65 to 70% of the radioactivity of 8- 
c14 labeled PeA was excreted in the urine 8 hours after subev 
taneous administration while 15-26% appeared in the feces, ani 
unchanged P-A accounted for 55% of the urinary radioactivity 
as determined by inverse isotope dilution, mechanisms involy- 
ing direct enzyme block appear untenable. Other analogies be- 
tween the action of P-A and that of certain carcinogens will 
be discussed. 


Biochemistry 
A MECHANISM OF RESISTANCE TO 2-DEOXYGLUCOSE. Stanley Barban, 
Natl. Institutes of Health, Bethesda, Md. 

The glucose analog, 2-deoxy-D-glucose (2DG) has been found 
to be a potent inhibitor of growth and glycolysis of cultured 
human cells. The phosphorylated intermediate, 2DG-6-P04, has 
been implicated as an inhibitor of phosphohexose isomerase, 
hexose transport, and glucose-6-P0, dehydrogenase. A strain 
of HeLa cells has been isolated which was resistant to the 
toxic effects of 2DG. In sharp contrast to the parent strain, 
which is completely inhibited at equimolar concentrations of 
2DG and glucose the resistant subline can grow at a 2DG/ 
glucose ratio of 10:1. The resistant strain grew at approxi- 
mately 1/2 the rate of the parent in a drug-free medium, and 
had a specific growth requirement for pyruvate. Cell-free 
extracts of the resistant strain, prepared by sonic disruption, 
phosphorylated 2DG and other hexoses at a 2-5-fold slower rate 
than similar extracts of the parent strain. The decreased 
rate of 2DG utilization by the resistant strain has similarly 
been found to be associated with the presence of an inhibitor 
of hexokinase activity in the resistant extracts. The nature 
of this inhibitor will be discussed. 


Biochemistry 
INHIBITION OF CHYMOTRYPSIN AND OTHER HYDROLYTIC EN- 
ZYMES BY SODIUM SALICYLATE. Edward H. Frieden, The 
Boston Dispensary, Boston, Mass. 

The effect of sodium salicylate upon the esterase 
and proteolytic activities of chymotrypsin(Cht) has 
been studied titrimetrically, using phenylalanine 
ethyl ester (PAEE) and bovine serum albumin (BSA) as 
substrates. Sodium salicylate acts as a competitive 
inhibitor of Cht-catalyzed hydrolysis of PAEE; the 
concentration of salicylate required for 50% inhibi- 
tion is 10-20 mM. Much lower concentrations (1-2 mit) 
are required for comparable inhibition of BSA hydro- 
lysis. Sodium salicylate also inhibits the hydroly- 
sis of tyrosine ethyl ester and tyrosine amide by 
chymotrypsin. 

Although sodium salicylate has no effect upon the 
trypsin-catalyzed hydrolysis of benzoyl arginine 
ethyl ester, the hydrolysis of BSA by trypsin is in- 
hibited by concentrations similar to those found ef- 
fective in the Cht-BSA system. In contrast, sodium 
salicylate has no effect upon the activity of lyso- 
zyme. (Supported by a research grant (C-3974) from 
the National Institute of Health). 
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Biochemistry 


THE INHIBITION OF THYMIDYLATE SYNTHETASE BY 5-FLUORO-2'~-DEOXY- 
URIDINE_5'-MONOPHOSPHATE (FUDRP). Charles Heidelberger and 
x-U. Hartmann, McArdle Lab., Univ. ef Wisconsin, Madison, 
Wisconsin. 

A new assay has been developed to determine thymidylate 
synthetase activity in 100,000 x g supernatants of sonicates 
of Ehrlich ascites tumor cells. The incubation is carried out 
yith formaldehyde, tetrahydrofolic acid, TPNH, Mg*t*, phosphate 
buffer, and tritiated UDRP. The reaction is hydrolyzed, the 
uracil and thymine separated by paper chromatography, and the 
radioactivity determined with the automatic integrating strip 
counter. Under these conditions the optional pH of the enzyme 
is 6.5, and the conversion of UDRP to TDRP is linear with 
tine. The Michaelis constant of the enzyme is 2-3 x 1072 M 
yorP. The enzyme is strongly inhibited by FUDRP, but not 
significantly by FURP, FUDR, FUR, or FU. The inhibition by 
FUDRP showed competitive kinetics. No significant difference 
in the inhibition by FUDRP was found with enzymes obtained 
from FU-sensitive and resistant tumors. Experiments on the 
purification of the enzyme are in progress, and the assay will 
be applied to extracts of human tumors. 


Pharmacology 


BARBITURATE TOLERANCE AND LIVER GLUTATHIONE IN THE RAT. Tom 
$. Miya, Norwood Re Neumann* and George K. W. Yim*. Purdue 
Univ. Dept. of Pharmacol., Lafayette, Indiana. 

It has been shown that a more marked tolerance to Nostal 
(isopropyl betabromallyl barbituric acid) hypnosis and "delay- 
ed death" could be developed by pretreatment with Ipral (ethyl 
isopropyl barbituric ecla) tian with Nostal(Holck et al. J.Am. 
Pharm. Assoce, Scie Ede 39:630, 1950). This was confirmed in 
this study. Brain and liver glutathione levels were determin- 
ed during the six day pretreatment regimen with subhypnotic 
doses of the two barbiturates and also after the hypnotic dos- 
es on the seventh day. Neither brain nor liver glutathione 
was altered significantly during the pretreatment period. Liv- 
er glutathione was significantly lower in the Ipral-treated 
rats administered Nostal (Control-447.1, pM%; Nostal-Nostal, 
434.69 pM%; Ipral-Nostal, 329.38 pM). There were no changes 
inthe brain levels. Kahn (Fed. Proc., 9:289,1950; JPET 109: 
292,1953) has shown that the addition of cysteine or glutathi- 
one to rat liver slices inhibited pentobarbital metabolism and 
administration of BAL also decreased pentobarbital metabolism. 
It would appear that a biochemical change which is reflected 
in a decreased glutathione level in Ipral-treated rats admin- 
istered Nostal might be partially responsible for the marked 
tolerance. (Supported, in part, by NIH grant M-2/05). 


Pharmacology 
EFFECT OF DRUGS ON THE UPTAKE OF CIRCULATING H>-NOREPINEPHRINE 





BY TISSUES, G. Hertting*, J. Axelrod, G. Whitby™, and 
R, Patrick*., Laboratory of Clinical Science, National 


Institute of Mental Health, Bethesda, Maryland. 

Pretreatment of cats with reserpine, chlorpromazine, 
imipramine, amphetamine, tyramine, cocaine, Guanethidine and 
dibenzyline markedly reduced the uptake of intravenously 
administered H?-norepinephrine by heart » Spleen and adrenals 
and elevated the plasma levels of the catecholamine. These 
drugs also reduced to a moderate degree the tissue levels of 
W-normetanephrine and raised the plasma levels of the 
Q-methylated metabolite. The following drugs had little or 
to effect on the tissue or plasma concentrations of H?-nor- 
epinephrine: M10B, Regitine, dichlorisoproterenol, and 
pentobarbital. Chronic sympathetic denervation resulted in 
a inability of the denervated organs to take up circulating 
B-catecholamines. Pyrogallol, a catechol-O-methyl. transfer- 
ase inhibitor elevated the tissue levels of H>-norepinephrine 
and reduced the levels of H>-normetanephrine. Monoamine 
Oxidase inhibitors (JB-516, iproniazid) had no effect on the 
tissue levels of H?-norepinephrine but raised the H?-normeta- 
nephrine. Preliminary studies in rat hearts indicate that 
Some of these drugs (reserpine, tyramine) also released 
bound H?~norepinephrine. 
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Pharmacology 


ON THE MODE OF ACTION OF LOCAL ANAESTHETICS. J, M. Ritchie 
and P, Greengard*, Albert Einstein College of Medicine, New 
York and Geigy Research Laboratories, Ardsley, New York. 

Most local anaesthetics include a tri-alkylated nitrogen 
in their structure and, therefore, can exist either as the 
uncharged tertiary amine or as the positively charged sub- 
stituted ammonium ion, Both the amine (e.g., Drill, 1958) and 
the ammonium ion (e.g., Goodman & Gilman, 1955) have been post~ 
ulated to be the active form which blocks nerve conduction, 
but there has been little or no direct experimental evidence 
for either view. In the present experiments with non-myelin- 
ated fibres, desheathed rabbit's vagus nerves mounted in the 
sucrose-gap were briefly exposed to a long-lasting local 
anaesthetic (e.g. dibucaine) at pH 7.2 until block occurred, 
after which the local anaesthetic was removed, The nerve 
remained blocked for as long as the pH was maintained at 7.2. 
But when the pH of the solution bathing the nerve was changed 
to 9.6 conduction was dramatically restored. On being re~ 
turned to pH 7.2 conduction was again blocked, Thereafter, 
conduction could be repeatedly restored and blocked just by 
switching between 9.6 and 7.2, Since the proportion of the 
local anaesthetic in the nerve fibre in the ammonium ion form 
is undoubtedly greater at the lower pH, these experiments 
strongly suggest that the ammonium form is the active one in 
blocking impulse conduction. 


Pharmacology 


INTERRELATIONSHIPS BETWEEN ISOCARBOXAZID (MARPLAN®) ° 
BENZYLHYDRAZINE AND MONOAMINE OXIDASE. Morton A. Schwartz”, 
Dept. of Pharmacology, Hoffmann-La Roche Inc., Nutley 10, 
N.J. ° 

The metabolism of isocarboxazid (IXH), chemically 1-benzyl- 
2-(S-methyl-3-isoxazolylcarbonyl)hydrazine, by rat liver 
homogenate in Krebs-Ringer phosphate buffer, pH 7.3 was stud- 
ied. Over 90% of the IXH was metabolized during a 2 hour 
aerobic or anaerobic incubation at 38°C, By employing c!4. 
IXH and a reverse isotope dilution technique, benzylhydrazine 
(BZH) was identified in incubation mixture extracts following 
both aerobic and anaerobic incubation, the IXH converted to 
BZH varying from 50-78%. The possibility that IXH inhibition 
of monoamine oxidase (MAO) is due to prior conversion to BZH 
was investigated. Inhibition of MAO by IXH was dependent on 
the period of pre-incubation of IXH and mitochondria; inhibi- 
tion by BZH was independent of the length of this pre-incuba- 
tion period. By adding sodium 1,2-naphthoquinone-4-sul fonate 
(NQS), a@ compound which reacts quickly with BZH, to the IXH~- 
mitochondria system, IXH inhibition of MAO was effectively 
prevented. Furthermore, quantities of IXH sufficient to 
cause over 90% MAO inhibition were detected when this inhibi- 
tion was prevented by NQS. These results indicate that in 
vitro BZH is formed from IXH and that BZH is responsible for 
the MAO inhibition attributed to IXH. 


Pharmacology 

RADIOISOTOPIC-MICROBIOLOGICAL TECHNIQUE TO QUANTITATE SELECTED 
ANTIBIOTICS, *, »* and 
. VA Ctr., Bay Pines, Fla, 

Earlier (Antibiotics Annual 1959-60:330-336), we reported 
that several antibiotics including kanamycin and neomycin have 
the capacity to desorb or prevent the initial uptake of 
vit. Bj2 previously adsorbed to or in contact with the resting 
cells of several lactobacilli. The amount of antibiotic 
employed determines the extent of desorption or uptake of 
vit. B,2. Several compounds can neutralize this antibiotic 
action on microbial uptake of vit. Bj2. These observations 
have led to the development of several radioisotopic-micro- 
biological techniques, Two applications are: First, methods 
to quantitate microgram quantities of kanamycin and neomycin. 
Second, procedures to quantitate the extent of interaction of 
kanamycin and neomycin with other biological substances such 
as RNA and DNA. When a constant amount of RNA (100 micro- 
grams or less) and increasing amounts of neomycin (0-50 micro- 
grams) were incorporated with 1 x 109 resting cells of 
L. leichmannii and 10 millimicrograms of Co® vit. By, a 
reproducible curve was obtained. This curve would be utilized 
as a standard assay curve to measure solutions containing 
unknown quantities of kanamycin, neomycin and other anti- 
biotics or as guide in the detection and measurement of 
compounds interacting with the antibiotics. 
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Pharmacology 


EFFECTS OF CORN OIL, HEPARIN AND ALBUMIN ON THIOPENTAL DISTRI- 
BUTION. Wallace D. Winters, UCLA Med. Sch., Los Angeles, Cal. 

Previous studies (Fed. Proc. 16: 283, 1957) revealed that 
corn oil reduced the thiopental sleeping time of rats by 40%. 
This was attributed to trapping of drug in the unabsorbed 
corn oil in the intestine. The present study enlarges this 
work to rats treated with heparin and albumin. Male rats 
were fasted 15 hours and divided into 5 groups. Groups B and 
C received 10 ml/Kg corn oil p.o. 2 hours prior to 30 mg/Kg 
sodium thiopental i.v.; groups C and D received 10 mg/Kg hep- 
arin i.v. 15 minutes prior to thiopental and group E received 
400 mg/Kg serum albumin (8%) i.v. 15 minutes prior to thio- 
pental. Heparin reversed the effect of cornadl. Serum albu- 
min reduced the sleeping time to the same degree as corn oil. 
Thiopental analysis at the return of righting reflex revealed 
no alteration in the concentration of drug in whole blood, 
plasma or liver. All groups awoke at the same brain levels 
except heparin which was slightly lower. The reduction in 
drug content of fat seen with corn oil was reversed with hep- 
arin. The fourfold increase in thiopental in intestine after 
corn oil was reduced 50% with heparin. The results will be 
correlated with present knowledge of lipid transport and al- 
bumin-thiopental binding. (Supported in part by USPHS Grant 
B-912.) 


Pharmacology 


POSSIBLE MECHANISM OF ACTION OF NICOTINE ON COAGULATION TIME 
IN VITRO. Jasbir Singh* and XY. T. Oester, Dept. of Pharma- 
cology, Grad. School and Stritch School of Medicine of Loyola 
University, Chicago 12, Illinois. 

and Wenzel have found that nicotine lowers coagulation 
time (CT) in vivo with concomitant release of epinephrine. 
This is partially true in vitro. Thus nicotine appears to re- 
lease epin - Nicotine in concentrations of 1x10-1M, 
1x10-2M, 1x10-7M, and 1x10-“M lowers CT of human blood in 
vitro. Epinephrine and norepinephrine in concentrations of 
1:10,000, 1:100,000 and 1:1,000,000 decrease CT. Heparin in 
concentrations of .OOlmg/cc and .005mg/cc prolongs CT. On 
heparinised human blood, the effect of different concentrations 
of nicotine, epinephrine and norepinephrine, and mixtures of 
these, was observed. These experiments were designed to 
examine the effect of nicotine on CT on human blood in vitro. 
The results obtained indicate that nicotine neutralizes or in- 
activates the anticoagulant effect of heparin in vitro. More- 
over, this action does not appear to be exerted through the 
release of epinephrine and norepinephrine. Evidence is there- 
fore provided which suggests that the effect of nicotine on 
CT does not necessarily or exclusively involve the release of 
epinephrine. 


Pharmacology 


DICHLOROISOPROTERENOL AND BLOOD GLUCOSE IN SEVERAL 
SPECIES. Mary A. Root. The Lilly Research Labs., 
Indianapolis, Indiana. 

Dichloroisoproterenol (DCI) affects blood 
glucose to different degrees in different species. 
This is a report of a study of these differences 
in rats, guinea pigs, rabbits and dogs. DCI, in 
doses of 5, 10 and 20 mg./kg., causes a pronounced 
hyperglycemia in unanesthetized rats. Similar 
doses in unanesthetized guinea pigs cause a signif- 
icant but less marked hyperglycemia. In rabbits, 
doses of 2 and 5 mg./kg. cause a slight degree of 
hyperglycemia (around 10 mg.%) and in dogs the 
same doses produce a slight transient hyper- 
glycemia followed by a fall in blood glucose of 10 
to 15 mg.% below control levels. In rats, rabbits 
and guinea pigs these doses of DCI produce a 
partial, but far from complete, inhibition of the 
blood glucose response to 10 microgm./kg. of 
epinephrine. 
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Pharmacology 


THE REVERSAL OF THE TOXICITY AND ANTILEUKEMIC ACTIVITY OF 
AMETHOPTERIN BY REDUCED DERIVATIVES OF FOLIC ACID. J.A.R. 
Mead*, J, M, Venditti*, A, W. Schrecker*, and A + Lab, 
of Chem. Pharmacology, National Cancer Inst., Bethesda, Md, 

Mice inoculated with leukemia 11210 were treated with cog. 
binations of amethopterin (MTX) and one of the following folie 
acid derivatives: (a) folic acid, (b) dihydrofolic acid, (c) 
tetrahydrofolic acid, (d) N10-formyltetrahydrofolic acid, and 
(e) N5-formyltetrahydrofolic acid (citrovorum factor), 

Daily treatment was started three days after leukemic inoe. 
ulation. Treatment with MIX, alone or in combination with 
folic acid, resulted in a considerable prolongation of life 
time. All other treated groups succumbed from tumor growth 
at the same time as the untreated controls. Similarly, all 
of the derivatives, except folic acid, were able to reverse 
the toxic effect of MTX on normal mice. 

Of particular interest was the observation that dihydro- 
folic acid was able to bring about extensive reversal of the 
antileukemic effect and toxicity of MTX. This observation 
does not appear to be completely consistent with current view 
on the mechanism of action of folic acid antagonists, which 
would require that dihydrofolic acid behave like folic acid 
in these systems. 


Pharmacology 


RECOVERY FROM ANTIFOLATE INHIBITION OF DIHYDROFOLIC REDUCTASE 
AND PURINE NUCLEOTIDE BIOSYNTHESIS IN LEUKEMIC MOUSE SPLEEN, 
A, W. Schrecker*, J.A.R. Mead*, E, J. Crawford*, M. Friedkin, 
and A, Goldin. Lab. of Chem. Pharmacology, National Cancer 
Inst., Bethesda, Md., and Department of Pharmacology, Tufts 
Univ. School of Med., Boston, Mass. 

The dihydrofolic reductase activity and the formate-Cl4 
incorporation into acid-soluble adenine in vivo were measured 
in the spleen of mice with advanced leukemia 11210 at various 
time intervals after subcutaneous administration of amethop- 
terin or 3',5'-dichloroamethopterin (DCM). Recovery from the 
inhibition of formate incorporation was more rapid than from 
the inhibition of dihydrofolic reductase, especially with DCi, 
This would indicate that purine nucleotide biosynthesis can 
proceed even with impaired reduction of folate to tetrahydro- 
folate. The recovery pattern in the case of dihydrofolic 
reductase seems to reflect the rates of elimination of the 
antagonists from the organism, 


Pathology 
TRIPLET STATE AND BIOLOGICAL PHOTOSENSITIZATION BY FUROCOUMAR- 
INS (PSORALENS). M.A.Pathak#(in collaboration with B.T.Allen 
and Prof. D.J.E.Ingram, Keele, England). Department of 
Dermatplogy, Harvard Medical School, at the Massachusetts 
General Hospital, Boston, Massachusetts. 

The photosensitized erythemal response of mammalian skin, 
loss of enzymic activities and killing of bacteria in the pre- 
sence of psoralen (P) or 8=methoxypsoralen (8=-MOP) and UV ir- 
radiation (»> 320m) led us to study the mechanism of this bio- 
logical photosensitization, The photoactivated molecules unr 
dergo- transition to a triplet state. The phosphorescence emis- 
sion seen after removal of the exciting light source in 
frozen systems containing either P, 8-MOP or other derivatives 
of P was found to be long lived and accompanied by a shift to 
wards longer wavelengths relative to the fluorescence emissioi 
With electron paramagnetic resonance spectroscopy, evidence of 
free radical formation was observed in such systems as P+H,0, 
P+glycerol+H0, P+C - P+albumin+H,O and P+benzene follow 
ing ieveitatlien wi (\>320m) at 77°K. Similar results 
were obtained with 8-MOP, The relationship between biological 
activity of furocoumarins and their wavelengths of activation, 
fluorescence and phosphorescence will be presented, The ¢ 
of and several fluorescent quenchers indicates that the 
reactive species in the biological photosensitization by furo- 
coumarins is the triplet state of the sensitizer molecules 
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126 DRUG AC TION—Quantitation 
Physiology 


EFFECT OF IPRONIAZID AND AMINO ACID LOADS ON URINARY EXCRETION 
QF TRYPTAMINE AND INDOLE ACETIC ACID BY SCHIZOPHRENIC 
PATIENTS. Elwood H. LaBrosse.* Natl. Insts. of Health, 
Bethesda, Maryl ° 
In a study of the effects of altering the amine metabolism 

in 12 schizophrenic patients, it was important to estimate the 
degree of monoamine oxidase (MAO) inhibition. In this study, 
iproniazid at 50 and 150 mg/day was used as the monoamine 
oxidase inhibitor, and was administered alone and with 15-20 
gn/day of tryptophan, phenylalanine, tyrosine, glycine or 
other amino acids. Tryptamine was measured in the urine of 
these patients as an index of MAO inhibition (Sjoerdsma, et al 
J. Pharm. Exp. Therap. 126,217 (1959). Following the trypto- 
phan load, the urinary tryptamine rose markedly, even in the 
patients not receiving iproniazid. This finding indicated 
that winary tryptamine alone was not a reliable index of MAO 
inhibition because of susceptibility to changes in dietary 

» Indole acetic acid was measured in the same urine 

and from these data a tryptamine/indole acetic acid 
ratio was calculated, The tryptamine/indole acetic acid ratio 
provided a more reliable index of monoamine oxidase inhibition 
than urinary tryptamine alone. This finding suggests a bio« = 
chemical method for minimizing the effects of dietary varia- 
tion during studies on metabolism of amines by measuring both 
the amines and their corresponding acid derivatives excreted. 


Pharmacology 


TABLES FOR ESTIMATING MEDIAN EFFECTIVE DOSE.. Christian Braun.* 
Med. Sci. Res. Lab., Miles Laboratories, Elkhart, Indiana 
Convenient tables for the estimation of median effective 
doses (ED50's) of any activity or response to drug or other 
stimuli, from quantal data, are presented. No calculations 
are involved in the use of the tables, ED50's together with 
their 95% confidence limits can be read directly from the 
tables when the experimental design described is being follow- 
ed. The tables are based on Thompson's method of interpolation 
between moving averages of responses to a geometric series of 
doses, given to groups of equal size. Three unique series of 
doses have been chosen, where numerical values repeat cyclical- 
ly upon multiplication by higher or lower powers of 10, and 
where doses from a coarser series are at the same time con- 
tained in the finer series. This arrangement is particularly 
suited for screening programs but is useful also in detailed 
investigations. While problems arise in statistical compari- 
son of results obtained with this method, its accuracy is 
sufficient for most practical purposes. 


Pharmacology 


A FLUOROMETRIC PROCEDURE FOR DETERMINING PHENYLALANINE MUSTARD 
IN BIOLOGICAL TISSUES. Michael A, Chirigos* and Abraham 


Goldin, Lab. of Chem. Pharmacology, National Cancer Inst., 
Bethesda,. Md. 


Phenylalanine mstard, DL~p-di(2-chloroethyl)- aminophenyl- 
alanine, has demonstrated chemotherapeutic activity against a 
variety of tumors. The growing interest in this anti-tumor 
agent has indicated the need for methods for its determination. 
Matt et al. (Proc. Soc. Exptl. Biol. & Med. 104: 629, 1960) 
have described a colorimetric method for estimating the drug. 
In the present study, a simple fluorometric method is de- 
scribed which is rapid, sensitive and precise for measuring 
small quantities of phenylalanine mustard in tissues, Measure- 
ment of the drug in vivo involves removal of tissues from ani- 
mals previously injected with the drug, preparation of a 1% 
tissue homogenate in 6% TCA, extraction of the TCA with ether, 
adjustment of an aliquot of the aqueous phase to pH 7.0, and 
Measurement of the native fluorescence in the fluorometer. 
Administration of the drug in the therapeutic dose range for 
transplantable leukemia in mice (38.9 mg/kg, Cancer Research 
®: Cancer Chemotherapy Screening Data VI, 419, 1960) showed 
that the highest concentration in plasma occurred at 1 hr. 

(24 4g/ml) and in kidney at 2 hrs. (117,g/ml). Data will be 
presented concerning the drug's disposition in tumors, and 
its binding by cellular constituents of blood. 
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Pharmacology 


RELATION OF SALICYLATE PROTEIN-BINDING WITH 
ABNORMAL ELECTROPHORETIC PATTERNS. Robert C. 
Batterman, Arthur Karler*, Irving Warner*, & George a 2 
Mouratoff*. Inst. for Clin. Pharmacol. & Med. Research, 
Berkeley, Calif. 

Blood protein-binding of salicylates, after single admini- 
stration of 0.6 G. aspirinto man, was studiedin relationto 
electrophoretic pattern of subjects witha wide variety of pro- 
tein profiles. Total and free plasma salicylates were deter- 
mined at twohours after aspirin ingestion. Plasma was sepa- 
rated into 15 or more fractions by means of electrochromato- 
graphy (Karler, Anal. Chem. 31:848, 1959). Each fraction 
was analyzed for protein-type by microelectrophoresis (Grum- 
baum and Kirk, Anal. Chem. 32:136, 1960) and salicylate con- 
tent. Salicylate was bound to all blood protein constituents. 
Pre-albumin (non-protein)and albumin fraction contained the 
highest total salicylate content dependent upon existent pro- 
tein spectrum. Subjects with abnormal patterns usually pre- 
sented highest salicylate content (50-63%) in pre-albumin 
fractions. Those with normal patterns had salicylate content 
(41-51%) in albuminfractions. Alpha, beta, and gamma globu- 
lin binding with salicylates was also altered with pattern or 
disease state. It is postulated that variation in salicylate 
action in man is dependent upon type and degree of protein 
binding. (Supported by grant from Found. Clin. Pharmacol. ) 





127 DRUG ACTION—Site 
Pharmacology 
THE VAGAL BODY: RECEPTOR SITE FOR EMETIC ACTION OF VERATRUM 


ALKALOIDS? HL. Borison and $-R._ Sampson. Dept. of Pharma- 
cology, Univ, of Utah Med. Coll., e City. 


similarity to the carotid 
and aortic bodies, Borison and Fairbanks (1952) localized the 
site of emetic action of veratrum alkaloids in the cat to an 
undesignated structure within the nodose ganglion, In the 
present study, chronic cats were prepared with unilateral 
nodose ganglionectomy and contralateral vocal cordectomy as a 
first-stage procedure. In a second-stage operation, the 
remaining nodose ganglion was treated in a variety of ways in 
order to determine which of the components of the ganglion is 
essential for the emetic response to Veriloid (commercial 


mixture of alkaloids from Veratrum viride), The emetic 
—— after intravenous m of the drug was abolished 
by (a) removal of the ganglion, (b) » and 


(c) section of vagal afferents above level of 
geal nerve, The emetic response was not abolished by (a) sec- 
tion of the ganglion below the superior laryngeal nerve, (b) 
section of vagal afferents below the superior laryngeal nerve, 
and (c) section of a efferents at any level, (Supported 
by USPHS Grant B-,91. 


Pharmacology 

ENZYMATIC TRANSFORMATION OF 1-METHYL-2-FORMYLPYR IDINIUM IODIDE 
OXIME, Howard Tong*, Paul Masterson* and J. Leong Way. Dept. 
of Pharmacology, Univ. of Wis. Med. School, Madison, Wis. 

Although numerous studies have been reported concerning the 
sites and mechanisms of action of lemethyl-2-formylpyridinium 
iodide oxime in the antagonism of organophosphorous acetylchol- 
inesterase inhibitors, there is a paucity of information in re- 
gard to the metabolic disposition of this antagonist. Dultz et 
al. have reported (J. Pharmacol, & Exper. Therap. 119: 522, 
1957) the disappearance of diacetylmonoxime in the presence of 
rat and dog liver slices. We have reported (THIS JOURNAL 19: 
180, 1960) the separation, isolation and characterization of le 
methyl-2-cyanopyridinium ions as an intermediate in the bios 
transformation of tondep jesily labeled l-emethyl-2-formylpyri- 
dinium iodide oxime-1-C 4 in the isolated perfused rat liver. 
We now are reporting the metabolic alteration of lemethyl-2- 
formylpyridinium iodide oxime in rat liver homogenates. Incue 
bation of 2.0 ml of homogenate in a potassium phosphate buffer 
containing various cofactors and 1.5 x 10°4 moles of lemethyl- 
2-formylpyridinium iodide oxime in a gas phase of 5 per cent 
carbon dioxide and 95 per cent oxygen resulted in a reduction 
of approximately 50 per cent of the oxime in three hours. Ina 
similar experiment employing nitrogen as the gas phase no re- 
duction of the oxime was observed. Further studies have been 
initiated to purify and to study the properties of those enzymes. 
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Pharmacology 


A STUDY OF THE PROTEIN BINDING OF PENICILLIN BY 
NUCLEAR MAGNETIC RESONANCE. James J. Fischer*, Dept. of 
Pharmacology, Harvard Medical School, Boston, Massachusetts. 

The purpose of this study was to determine the specific sites on 
the penicillin molecule involved in binding to serum albumin. The 
proton magnetic resonance spectra of .5M potassium penicillin G in 
D20 with concentrations of bovine serum albuminvarying from 0-25% 
were examined. Comparison with other penicillins and penicillin 
analogs permitted definite identification of the absorption peaks of 
penicillin G. The chemical shifts of all the peaks relative to benzene 
as an external standard were found not to be preferentially affected 
by increasing albumin concentrations. All the absorption peaks were 
found to broaden, i.e. the transverse relaxationtime, T2, decreased, 
with increasing albumin concentration as expected due to increased 
viscosity. However T2 of the single peak due to the two equivalent 
hydrogen atoms o2 the methylene carbon of the specific benzyl side 
chain was selectively decreased much more than the T2 of the other 
peaks, suggesting intimate contact with the protein at that point. 
This evidence points to the oxygen of the neighboring carbonyl group 
as the probable binding site. (Supported by National Science 
Foundation Grant G-9563. ) 


Pharmacology 


AN INVESTIGATION OF A POSSIBLE SITE OF ACTION OF CHLORPROMA- 
ZINE Jacob R, Raitt*, John W, Nelson and Arthur Tye*, The 
Ohio State University College of Pharmacy, Columbus, Ohio. 
Destruction of the septal forebrain area is known to in- 
crease affective behavior of rats, while destruction in the 
amygdaloid area of the temporal region is known to decrease 
affective behavior, 
of nuclei might be the primary site of action of chlorproma- 
zine, they were destroyed in rats, and then treatment was be- 
gun with chlorpromazine to measure the activity of the drug. 


Part I of this study deals with the activity of chlorpromazine 


in septal and control animals, Part II of the investigation 
examines the activity in amygdaloid animals,and Part III is 


a study of the activity of chlorpromazine in septal-amygdaloid 


animals, Chlorpromazine 8 mg/kg intraperitoneally, reduced 
the hyperactivity of septal animals and the activity of both 
normal and sham operated control animals to the same basal 
level. The initial low-normal activity of septal-amygdaloid 
animals was similarly reduced to this same level. The hypo- 
activity of amygdaloid animal's was not further depressed, It 
appears that chlorpromazine does exert a depressant activity 
on the amygdaloid complex, but that the action of the drug is 
not solely on the amygdaloid complex. 


128 DRUG METABOLISM 
Biochemistry 


INHIBITION OF RESPIRATION, CELL GROWTH, AND CELL DIVISION IN 
TETRAHYMENA PYRIFORMIS G.L. BY PHENY LURETHANE AND LOW PARTIAL 
PRESSURES OF OXYGEN. N,V, Bhagavan and J, J, Eiler. Univer- 
sity of California Medical Center, San Francisco. 

To test the asphyxial theory of narcosis, the action of 
phenylure thane (10-6 to 10-3 M) was compared with the effect 
of low pOo (12 mm to 79 mm Hg.). The inhibition of respira- 
tion by drug was linearly related to concentration. In con- 
trast to 2,4-DNP, no stimulation was observed. While 1073 M 
drug inhibited respiration 30% and completely but reversibly 
inhibited the increase in cell mass (protein, turbidity and 
cell count), a p0o of 51 mm Hg. had a comparable effect on 
respiration, but permitted half maximal increase in cell mass. 
That the low pO did not leave intact a drug-sensitive phase 
of respiration associated with endergonic processes was shown 
by the effect of the drug on cells under 12 mm Hg. pOo with 
30% respiration intact; 10-3 M drug reduced the increase in 
cell mass completely with no effect on respiration. The drug 
has an effect which goes beyond simple respiratory depression. 
The drug at 1073 M reduced synchronous division 70% and syn- 
chronous growth only 36%. When synchronized cells, washed 
free of drug, are placed in non-nutrient medium, cell division 
proceeds as in controls. Clearly the drug inhibits primarily 
the utilization of some factor needed in cell division. Low 
pO> has a marked effect on synchronized cells. 


To examine whether either of these groups 





128 DRUG METABOL; 


Pharmacology 
DRUG METABOLISM IN REGENERATING LIVER. James R. Fouts, 
Robert W. Shultice*, and Robert L. Dixon*. Dept. Pharmacology, 
Coll. of Medicine, State Univ. of Iowa, Iowa City. 

We have shown that the liver of newborn animals, and the 
liver tumor lack the microsomal drug enzyme systems character. 
istic of normal adult liver. We chose to investigate one 
other type of rapidly growing liver tissue - liver after heps. 
tectomy. Partial hepatectomies were performed in adult male 
rats and drug enzyme activities measured every day thereafter 
until enzyme levels had returned to normal. Enzyme activity 
was about 40% of normal 96-144 hrs. after surgery and ‘had re. 
turned to essentially normal levels 216 hrs. post-operatively, 
The enzyme deficit was not due to lack of TPNH or glucose-6- 
phosphate dehydrogenase. Nor were there inhibitors in regen. 
erating liver of normal drug enzyme systems. This points to 
a decrease in enzyme protein as possible cause of the low 
activity. Thus enzyme activity was low at a time when the 
liver mass had returned essentially to normal. This means 
that function (drug metabolism) may be regenerated at a much 
slower rate than mass, and in addition strengthens our hy- 
pothesis that the rapidly growing liver cell is generally de- 
ficient in the ability to metabolize drugs - regardless of the 
reasons for the rapid growth. Supported by USPHS Grant Rf - 
6034. 


Pharmacology 


DRUG METABOLISM IN ALLOXAN-DIABETIC RATS. Larry G. Hart*, 
Robert L. Dixon*, and James R. Fouts. Dept. of Pharmacology, 
Coll. of Medicine, State Univ. of Iowa, Iowa City. 

We have shown that a number of conditions result in drug 
metabolism by liver microsomes being less than normal. In 
these conditions we believe liver glycogen levels are also ab- 
normally low. We feel there may be some relation between gly- 
cogen levels and microsomal enzyme activity. For this reason, 
we have studied drug metabolism by diabetic rats. Male rats 
injected subcutaneously with 115 mg./kg. alloxan had demessed 
liver glycogen and drug enzyme activities 72 hours after 
treatment. This depression reached a maximum 96-120 hours 
after alloxan. Isophane insulin (20 units/animal) subcutane- 
ously causes increases in both glycogen and drug enzyme activ- 
ity in diabetic rats. Depression and recovery of enzyme activ 
ity and glycogen were accompanied by similar inverse changes 
in hexobarbital sleeping times. Low enzyme levels in diabetic 
rats were not due to a lack of TPNH or glucose-6-phosphate de- 
hydrogenase nor did diabetic liver fractions inhibit drug mee 
tabolism by normal liver. Alloxan had no direct effect on en- 
zyme activity in vitro, and few, if any, diabetic livers ex- 
amined histologically showed abnormalities. Supported by 
USPHS grants. 


Pharmacology 
ETHANOL INTOXICATION IN ADRENOCORTICOSTEROID-TREATED MICE, 


E. B. Goodsell.* Univ. of Illinois, Chicago, I11. and Abbott 


Laboratories, North Chicago, I1l. 

Cortisone (0.3-1.2 mg/mouse/4 days s.c.) will prolong the 
duration of ethanol intoxication at dose levels of 3.2, 3.45, 
3.73 and 3.8 gm/kg i.p. Treatment of mice with either predni- 
solone or desoxycorticosterone in equimolar doses does not 
have this effect. There is no correlation between the loss of 
weight produced by steroid therapy and the duration of sleep 
nor can this increase be overcome by simultaneous administrat- 
ion of KCl. The possibility of liver damage produced by cor- 
tisone is considered. The average blood ethanol concentration 
at wakening time is the same in the control as in the corti- 
sone-treated group (0.4194 mg/100A). There is a striking 
constancy of the blood/cerebrum ratio at all determination 
times ¢.d in both control and treated groups (1.44). The 
ratio of blood to liver and to muscle, however, is not a cop- 
stant one within the first hour. 
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Pharmacology 


if METABOLIC FATE OF CHLORDIAZEPOXIDE. B.A. Koechlin™ and 
yA. Schwartz. Dept. of Pharmacology, Hoffmann-La Roche Inc., 
futley 10, N.J. 

Chlordiazepoxide (7-chloro-2-methylamino-5-phenyl-3H-1,4- 
benzodiazepine 4-oxide) was labeled with cl4 in position 2. 
Its fate in rats and in humans was studied. In both species 
rapid absorption from the intestines occurs. In the rat the 
activity is excreted to about 45 per cent in the urines. A 
portion of the absorbed drug is secreted unchanged back into 
the stomach and is subsequently reabsorbed. Another portion 
is excreted in the feces following excretion back into the 
intestinal tract. While these processes are completed in 
the rat within 48 hours, the drug and its metabolites are 
retained much longer in the human. The drug is extensively 
metabolized in both species. However, none of the cl4 of 
the diazepine ring is oxidized to pulmonary cl4g9. While 
the rat excretes predominantly basic metabolites, acidic 
metabolites prevail in human urines. These metabolites and 
others have been further characterized. 


Pharmacology 


THE METABOLISM AND TISSUE DISTRIBUTION OF RADIOISOTOPICALLY 
LABELED DEMETHYLCHLORTETRACYCLINE. R. G. Kelly,* 
L, A. Kanegis* and D. A. Buyske.* Dept. of Pharm. Res., 
lederle Laboratories, Pearl River, N. Y. 
Demethylchlortetracycline has been shown in previous work 
in our laboratories to possess pharmacological properties in 
leboratory animals which renders it highly tateresting as a 
chemotherapeutic agent. Randomly labeled C~" demethylchlor- 
tetracycline was given to dogs via the intravenous route. 
For metabolism studies, urine and feces were collected for a 
period of one week and excreted radioactivity and microbio- 
logical activity determined at 24 hour intervals. Urinary 
and fecal radioactivity was examined by countercurrent analy- 
sis, paper chromatography and chemical derivation. For dis- 
tribution studies, animals were sacrificed 4 to 5 hours after 
dosage and various body fluids and tissues sampled. Where 
possible, radioactivity in fluids was determined directly by 
liquid scintillation counting. The remaining fluids as well 
as all tissues were combusted, and the radioactivity deter- 
mined by liquid scintillation counting. Over 90% of excreted 
radioactivity was identified as unmetabolized demethylchlor- 
tetracycline. Tissue concentrations indicated that the anti- 
biotic was distributed throughout the animal body. 


Pharmacology 


A DRUG-INDUCED CHANGE IN THE DISTRIBUTION AND RENAL EXCRETION 
OF SULFONAMIDES. A,H, AnTON* Depts. oF PSYCHIATRY, AND PHARM- 
ACOLOGY AND THERAPEUTICS, UNIV. oF FLA. CoLLeGe oF MEDICINE, 
GAINESVILLE. 

ANTIBACTERIAL ACTIVITIES OF CERTAIN SULFONAMIDES ARE IN- 
CREASED NLTRO THROUGH DISPLACEMENT FROM ALBUMIN BY PHENYL- 
suTAzone (J. PHARM. Exe. Tuer. 129:282, 1960). A RELATED com- 
POUND, SULFINPYRAZONE (SPZ), WAS THE MOST ACTIVE DISPLACER iN 
UTRO OF A GROUP OF HIGHLY BOUND ORGANIC ACIDS. IN RATS GIVEN 
SULFAETHYLTHIADIAZOLE (SET), SPZ causeo THE PLASMA SET To vE- 
CREASE FROM 194 to P G/ML AND THE UNBOUND PORTION TO IN- 
CREASE FROM 27 TO 4b yo/ML, DEPENDING ON THE DOSE oF SPZ. THIS 
CAUSED AN INCREASE IN MUSCLE AND BRAIN SET. THE SAME WAS FOUND 
FOR OTHER SULFONAMIDES WHICH WERE MORE THAN 45% PLASMA BOUND 
AND HAD LOW TISSUE DISTRIBUTION. NO SUCH EFFECT WAS OBSERVED 
WITH SULFANILAMIDE AND N!-€THYLSULFANILAMIDE WHICH ARE BOUND 
LESS THAN 25% AND ARE WELL DISTRIBUTED. DATA ARE CONSISTENT 
WITH DISPLACEMENT OF SULFONAMIDES FROM PLASMA BINDING JN VIVO. 
IN Docs, wHose GFR was 30, SPZ (pKa 2.8) perresseo 
W/P-unsouno or SET (pKa 5.4) From 61 To 19 ML/MIN; A SIMILAR 
EFFECT ON SET CLEARANCE WAS OBTAINED WITH PROBENECID. DATA 
SUGGEST THAT SPZ COMPETES FOR THE RENAL ACID SECRETORY MECHA- 
ISM. THE EFFECT oF SPZ on SET TISSUE CONCENTRATIONS 1S NOT 
SECONDARY TO THE RENAL EFFECT SINCE THIS ALONE WOULD ELEVATE 
RATHER THAN LOWER PLASMA CONCENTRATIONS. 
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Pharmacology 


ADAPTIVE INCREAS=S IN METABOLISM OF HEXOBARBITAL INDUCED BY 
CERTAIN INHISITORS, James M. Fujimoto and David M. Serrone™, 
Dept. of Pharmacology, Tulane University School of Medicine, 
New Orleans, La, 

An earlier study showed that N-methyl-3-piperidyl-N',N'- 
diphenylcarbamate had a diphasic effect on the metabolism of 
hexobarbital. This study was undertaken to see whether other 
inhibitors of hexobarbital metabolism might also show a simi- 
lar diphasic effect. Groups of mice were pretreated at vari- 
ous times with the inhibitors: SKF 525A (20 mg/kge pee), 
iproniazid(200 mg/kg, s.c.), N-ethyl-3-piperidylbenzilate 
(20 mg/kg, pede), and nikethamide (200 mg/kg, pede). The mice 
were then given hexobarbital (150 mg/kg Leped and the sleeping 
times determined, The expected prolongation of sleeping time 
was noted but as the interval between pretreatment and hexo- 
barbital administration was lengthened (usually 2 to 48 hourg 
a period of shortening of sleeping time was found to occur 
with all the agents, Presumptive evidence that this last 
phase is due to an adaptive increase in hexobarbital metabol- 
ism is suggested by experiments where ethionine administration 
(200 mg/kg, PeOe, 2 hours earlier) blocked the shortening 
effect. (Supported in part by Research Grant RG-551), Divi- 
sion of General Medical Sciences, National Institutes of 
Health). 





Pharmacology 


COMPONENTS INVOLVED IN THE POTENTIATING ACTION OF BETA~ 
PHENYLISOPROPYLHYDRAZINE (PIH) ON HEXOBARBITAL ACTION. David 
M, Serrone* and James M. Fujimoto. Dept. of Pharmacology, 
Tulane University School o. cine, New Orleans, La. 

Present studies indicate that there are several components, 
in addition to inhibition of metabolism, contributing to the 
potentiating action of PIH on hexobarbital sleeping time, Ad- 
ministration of PIH (50 mg/kg, p.o.) to groups of mice at 
various times before hexobarbital (150 mg/kg, i.p.) results 
in two separate phases of sleeping time prolongation, The 
first prolongation phase occurs immediately after PIH adminis- 
tration and decreases rapidly toward control levels. The 
second phase occurs 20 hrs, after administration of PIH and 
continues for about 12 hrs. While neither of these two 
phases coincides with the anticonvulsant activity of PIH, the 
observation that barbital action is increased by PIH pretreat- 
ment indicates that a central effect of PIH might also contri- 
bute to prolongation of hexobarbital sleeping time. 

(Supported in part by Research Grant RG-551), Division of 
General Medical Sciences, National Institutes of Health, 
Public Health Service). 


Pharmacology 


EFFECT OF CCl), QN CERTAIN ASPECTS QF THIORIDAZINE METABOLISM, 
Gabriel L. Plaa”, Gerry J. Blacker”, and Edwin C, McGough’. 
vept. of Pharmacology, Tulane University School of Medicine, 
New Orleans, La, 

Since liver damage affects the metabolism of a number of 
drugs, the gross effects of CCl) -induced liver damage on thio- 
ridazine (TP-21) metabolism weré studied, Whole body recov- 
eries of TP-21, and 18 hours after its administration (50 
mg/kg, iepe), were found to be significantly higher in CCl 
treated (1 ml/kg, s.c.,daily for 2 days) mice, Partition 
characteristics of the extracted phenothiazine indicated that 
the product(s) from CCl), ~treated mice were different from 
those extracted from normal animals, Livers from normal and 
CCl),-treated rats were perfused with diluted blood, contain- 
ing TP=21 (20 mg), for 80 min.; more phenothiazine was re- 
covered from CCl) -treated livers than from normal organs, 
These observations indicate that liver damage causes a delay 
in TP-21 metabolism, The following experiments were conduct- 
ed to test the effect of this delay on certain pharmacologic 
effects of TP-2l, The hypothermic response to 10 mg/kg, ispe, 
was significantly enhanced over a period.of 5 hrs, by CCl 
pretreatment. The isp. acute was determined in normal 
and CCl)-treated mice; at 2h hours the ¢ was found to be 
significantly lower in the CClj-treated group (20 vs 160 
mg/kg). (Supported by a grant from Sandoz Pharmaceuticals). 
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DEPHOSPHORYLATION AND OXIDATION OF PSILOCYBIN AND 
PSILOCIN BY MAMMALIAN TISSUE PREPARATIONS. A. Horita 
and L. J. Weber.* Univ. of Wash. Sch. of Med., Seattle. 

Purified intestinal alkaline phosphatase has been shown to 
dephosphorylate psilocybin to form psilocin and inorganic 
phosphate (Horita & Weber, 1961). The present report extends 
these observations to various mammalian tissue homogenates. 
The rat and mouse kidney and the intestinal mucosa of rabbits 
and guinea pigs were active in dephosphorylating psilocybin. 
During these studies it was also observed that with certain 
tissues the dephosphorylation product, psilocin, underwent 
oxidation to a blue colored product, similar to that seen with 
Mytilus edulis gills (Blaschko & Levine, Biochem. Pharmacol., 
1960). Heart and kidney homogenates of all species investi- 
gated were highly effective in oxidizing psilocin. This process 
was inhibited by KCN but not by MAO inhibitors. Its pH opti- 
mum was 8.8. Further studies with a rabbit heart mitochon- 
drial preparation and purified pig heart cytochrome oxidase indi- 
cate the latter enzyme to be the active system in the oxidation 
of psilocin. These processes may play an important role in the 
central nervous system actions of these agents. (Supported in 
part by grant MY-2435(C2), U. S. Public Health Service). 


Pharmacology 


METABOLISM OF 1-METHYL-2-FORMYLPYR IDINIUM IODIDE OXIME-1-C14 IN 
THE ISOLATED PERFUSED RAT LIVER. J. Leong Way. Dept. of Pharm- 
acology and Toxicology, Univ. of Wis. Med. School, Madison,Wis. 

We have reported (THIS JOURNAL 19: 180, 1960) the isolation 
and characterization of lemethyl-2-cyanopyridinium ions as an 
intermediate in the metabolic alteration of l-methyl-2-formyl- 
pyridinium iodide oxime in the isolated perfused rat liver. 
Further studies on the biotransformation of l-methyl-2-formyl- 
pyridinium iodide oxime have revealed the presence of a second 
radioactive fraction. This radioactive component was ‘isolated 
and separated by the following procedure: the liver perfusate 
was extracted with ethanol, placed on a Dowex-50-sodium cation 
exchange column and resolved by varying concentrations of sodim 
chloride. The tubes containing the second radioactive fractim 
were pooled separately, adsorbed on a Darco S-51 charcoal col- 
umn, eluted with 50 per cent ethanol and dried in vacuo. Fur- 
ther purification of this material was carried out by paper 
chromatography and paper electrophoresis. This material was 
analyzed subsequently by ultraviolet spectrophotometry, chem- 
ical degradation and paper chromatography, and was found to 
possess properties which would be consistent with those of an 
Oeconjugation of l-emethyl-2-pyridone. 


Pharmacology 


6-HYDROXYLATION OF TRYPTAMINE AND DERIVATIVES: THE ENZYMATIC 
PROCESS. Stephen Szara* and Frances Putney*, Clinical New o- 
pharmacology Research Center, NIMH, Washington, D. C. 

6-hydroxylation of various tryptamine derivatives seems to 
play an important role in producing pharmacologically active 
metabolites affecting the CNS. N.N-diethyltryptamine, an 
hallucinogenic agent, being one.of the’ best substrates, has 
been used to study the enzymatic process. The 6-hydroxylating 
enzyme belongs to the family of microsomal enzymes requiring 
TPNH and 0, for reaction (G. B. Jepson et al., Fed. Proc. 18, 
254 (1959) ). Rat and rabbit liver microsomes contain a very 
active enzyme which is stable in frozen preparation for more 
than two months. A variety of lipide-soluble indole deriva- 
tives can serve as substrates (e.g., tryptamine and its lower 
alkylated homologues, 3-IAA, skatol, etc.) but not tryptophan. 
Higher alkylated tryptamine derivatives (e.g., N.N-dihexyl- 
tryptamine) although lipide-soluble, are not hydroxylated but 
do inhibit competitively the hydroxylation of lower homologues 
in vitro. Chlorpromazine and reserpine also inhibit the re- 
action. Since brain microsomes do not possess 6-hydroxylating 
activity it is concluded that the production of CNS active 
6-hydroxy metabolites takes place outside the CNS, primarily 
in the liver. 
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OXIDATION OF NICOTINE-C-14 AND NICOPINE-METHYL-C-14 IN Vivo, 
Lennox B. Turnbull, * Einosuke Wada, Edward R. Bowman,” and 
Herbert McKennis, Jr. Department of Pharmacology, Medical 
College of Virginia, Richmond, Va. 

Respiratory carbon dioxide after administration of nicotine 
-C-14 has been found in previous studies (Ganz, Kelsey, and 
Geiling; Owen and Larson) to be devoid of C-14 activity. The 
contrast of these results to those from this laboratory which 
indicate that demethylation is a process important in the 
metabolism of nicotine led to our study of the metabolism 
of (-)-nicotine-methyl-C-14 in the rat. In a six-hour period 
after intraperitoneal injection of the labelled compound 
respiratory carbon dioxide contained 4-7.5 per cent of the 
administered radioactivity. In the dog after administration 
of randomly labelled (-)-nicotine-C-14 the urine contained a 
variety of radioactive substances, including one which showed 
Rf value corresponding to 3-pyridylacetic acid. Evidence 
that the latter arises by way of the intermediate (-)-cotinine 
was obtained in the dog which excreted 3-pyridylacetic acid 
(identified by melting point, analysis and conversion to the 
picrate) in the urine after oral administration of (-)- 
cotinine. (Supported by grants from the Tobacco Industry 
Research Committee and the American Tobacco Company.) 


Pharmacology 


FURTHER STUDIES ON THE POSSIBLE RAPID SYNTHESIS OF NOR-EPINE- 
PHRINE FROM DI-HYDROXI-PHENYL ETHYLAMINE (DOPAMINE ) 
Valter M. Booker,William L, West«,A Anderson: ,JBluitt# 
Dept. of Pharmacology, Howerd Uni. School: of Med, Wash.,D,C, 
Using the isolated perfused guinea pig heart as a biolo- 
gical assay method, we are continuing our studies on the 
possible rapid synthesis of nor-epinephrine from infused 
DOPA-mine. The auvestion of release of nor-epinephrine from the 


adrenal stores rather than synthesis of new nor-epinephrine 
from infused DOPA-mine must be regarded as important to 
answer, A variety of catechol-amine depletion experiments in 
the dog is being employed prior to the infusion of DOPA-mine 
using reserpine,acetylcholine,alpha-methyl DOPA and others; 
and in incubation of brain and adrenal slices in DOPA-mine, 
The evidence continues to move strongly in the direction of 
synthesis of nor-epinephrine rather than release of catechol- 
amines caused by the DOPA-mine, There is some evidence that 
certain of the MAO inhibitors enhance the output of nor-epine- 
phrine following DOPA=-mine, In the reserpinized aniral, 
MAO inhibitors appear to facilitate a high output of nor-epi- 
nephrine.s 


Pharmacology 


STUDIES ON THE METABOLISM ‘f AMITRIPTYLINE. H. B. Hucker 
and C. C. Porter. Merck Institute for Therapeutic Research, 
West Point, Pa. 

Amitriptyline, 5-(3-dimethylaminopropylidene )-dibenzo/a, 
a/ /1,47cycloheptadiene, a new drug for the treatment of 
mental depression, structurally resembles imipramine. How- 
ever, amitriptyline differs from the latter drug in certain 
important pharmacological aspects. In order to study the 
metabolism and physiological distribution of the new agent, 
@ sensitive and specific method for its estimation in bio- 
logical material has been developed. The assay is based on 
the standard micro adaptation of the methyl orange technique, 
but increased specificity and sensitivity are achieved by the 
use of heptane for the initial solvent extraction. Pre- 
liminary results indicate that very little drug is excreted 
unchanged by human subjects. At least two metabolites have 
been found in the urine, and appear to be demethylated 
derivatives of the parent compound, apparently excreted a8 
glucuronides. The drug is rapidly metabolized by rabbit 
liver slices. Distribution studies in the rabbit indicate 
that the drug is highly localized in various tissues and 
readily enters the brain. Studies are under way to establish 
the identity of the metabolites in various species of 
animals. 
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Pharmacology 


yt OF PHENYLBUTAZONE AND ITS ANALOGUES IN ANIMALS. J.M. 
perel*, W. Chen*, M. Mc. Snell* and P.G. Dayton*, N-Y.U. Res. 
ferv., Goldwater Mem. Hosp., N.Y., N.Y. and Natl. Heart Inst., 
pethesda, Md. To extend previous studies of the fate of phenyl- 
putazone in man, pera s have been carried out with sage > 
using phenylbutazone-4-c1 - No detectable excretion of C0. 
yas observed; most of the activity was found in 0-24 hrs.urine, 
of this as unknown polar metabolites. In contrast to man, 
the half-life of phenylbutazone is short in rats and dogs. 
Certain analogues have short half-lives in all three species, 
however. In man, a relationship between pKa and half-life was 
found (Gutman, Dayton, Yu, Berger, Chen, Sicam and Burns, Am. 


— 











J. Med., 1 ); mo such relationship was observed in studies 
with dogs. Half-life in dogs appears to depend on factors 


such as fat solubility and tissue distribution. For instance, 
the more fat-soluble iso-propyl analogue (G-13838, pKa 5.5) 
tas double the volume of distribution of phenylbutazone (pKa 
4.5); both have a half-life of 5-6 hours in the dog and are 
highly bound to plasma proteins (90%). Stop-flow studies 
(Gutman et al) have shown that these two compounds are exten- 
sively reabsorbed by the distal tubule, as compared to acidic 
analogues such as sulfinpyrazone and G-32567. Both phenyl- 
butazone and sulfinpyrazone, however, are excreted in dog bile 
in concentrations several times greater than plasma. 


Pharmacology 


INHIBITION BY TRIPARANOL (MER-29) OF MICROSOMAL ENZYME SYS- 
TEMS THAT METABOLIZE DRUGS. James R. Gillette and Lillemor 
Davenport.* Natl, Insts. of Health, Bethesda, Md. 

Triparanol inhibits the reduction of desmosterol to cho- 
lesterol in vitro (Steinberg and Avigan, J. Biol, Chem, 235, 
3127, 1960). Since this reaction is presumably catalyzed by 
a microsomal enzyme system of liver, it was of considerable 
interest to study the effect of triparanol on drug enz 
systems in liver microsomes, At 10°’ M, triparanol inhibits 
N-dealkylation (monomethyl-4-aminoantipyrine, N-methyl ani- 
line, N-ethyl aniline, and chlorpromazine), 0-dealkylation 
(phenacetin and acetanisidine), side chain oxidation (hexo- 
barbital), hydroxylation (acetanilide) and de-esterification 
(procaine); however, it does not inhibit the reduction of 
nitrobenzoic acid, Thus, triparanol differs from SKF-525 in 
that it inhibits the dealkylation of alkylanilines and of 
phenacetin, At 2-4 X 107% M only the N-dealkylation of mono- 
nethyl-4-aminoantipyrine, the side chain oxidation of hexo- 
barbital and the hydrolysis of procaine are inhibited about 
50%. The enzyme system catalyzing the reduction of desmos- 
terol is considerably more sensitive to triparanol than are 
the systems studied by us; the data presented by Steinberg 
and Avigan suggest that "desmosterol reductase" is inhibited 
about 50% at 2 X 10-9 M, 


Pharmacology 


STUDIES ON THE BINDING OF IMIPRAMINE AND CHLORPROMAZINE IN 
VARIOUS TISSUES. J. V. Dingell*, W.A.M. Duncan*, and J. R. 
Gillette, Natl, Insts. of Health, Bethesda, Md. 

Imipramine and chlorpromazine are bound primarily to the 
Particulate matter of the cells, When 12 y of imipramine 
was added per ml of 10% homogenates of various tissues, 
about 95% of the drug was bound to the 78,000 x g sediment 
of brain and 85% was bound to that of liver, The specific 
binding ( y of drug bound per mg protein) of the various 
fractions of liver was as follows; nuclei, 1,1; mitochon- 
dria, 1,1; microsomes, 1.6; soluble, ¢ 0.15. It is obvious 
that this binding of imipramine to the particulate fractions 
of tissues is an important factor in limiting the rate of its 
metabolism in vivo, Binding to tissue components must also 
be taken into consideration with kinetic studies in vitro. 
For example, the rate of metabolism of imipramine is greater 
with 9,000 x g supernatant preparations than with whole 
homogenates, and the rate of metabolism is not proportional 
to the amount of the microsomes used in the assay of enzyme 
activity, These results might be explained by the decrease 
in the concentration of free imipramine as the particulate 
matter is increased in the incubation mixture, 
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IN VITRO INACTIVATION OF MITOMYCIN C, AN-.ANTITUMOR ANTIBIOTIC. 
Herbert S. Schwartz.* Div. of Experimental Chemotherapy, 
Sloan-Kettering Inst. for Cancer Research, New York, N. Y. 

Mitomycin disappears rapidly in vivo and only small amounts 
are excreted unchanged (Schwartz, 1959). Detoxification was 
studied in vitro spectrophotometrically and by bioassay with 
B. subtilis. Rat liver slices and homogenates inactivated 
under anaerobic conditions; 02 inhibited detoxification. 
After dialysis homogenates were inactive unless a phosphopyri- 
dine nucleotide were added. ATP and Mgt were also required 
and, with DPNt, DPNH, or TPNt, a substrate such as malate. 
With TPNH, no substrate was needed. FAD, FMN, and cytochrome 
€ dia not promote activity. Mitochondrial, microsomal, and 
supernatant fractions of fresh liver each degraded mitomycin 
to some extent but total activity required all three. Several 
enzyme systems did not degrade mitomycin: alcohol dehydrogen- 
ase, glucose-6-phosphate dehydrogenase, xanthine oxidase and a 
non-specific diaphorase. Non-enzymic reduction of mitomycin 
by ascorbate, dithionite, or Ho-Pd produced changes in spec- 
trum and potency similar to those found after tissue incuba- 
tion. The requirement for anaerobic conditions and reduced 
coenzymes indicates that a reductive metabolism of mitomycin 
prevails in tissues and may account for detoxification in vivo. 


Pharmacology 


POTENT STIMULATORY EFFECT OF 3-METHYLCHOLANTHRENE ON ASCORBIC 
ACID SYNTHESIS IN RATS. P.G. Dayton*, AH. Conney*, 
J.M. Perel#, P, Blaber*, and J.J. Burns. N.Y.U. Res. Service, 
Goldwater Memorial Hospital; The Wellcome Research Labs., 
Tuckahoe, N.Y.; and National Heart Institute, Bethesda, Md, 
Administration of 3-methylcholant!:rene intraperitoneally to 
rats causes a potent stimulatory effect on ascorbic acid 
synthesis which persists for periods up to 6 weeks after 
dosage. Marked localization of the hydrocarbon in fat can 
account for this prolonged effect. In contrast orally- 
administered 3-methylcholanthrene exerts a considerably lesser 
effect on ascorbic acid synthesis, and in this case only small 
amounts of the hydrocarbon are present in fat. Increased 
conversion of D-galactose-1-Cl4 and D-glucose-1-Cl4 to 
L-gulonic and L-ascorbic acids occurs in rats receiving 
3-methylcholanthrene intraperitoneally. Barbital and 
Chloretone also stinmlate the synthesis of L-gulonic and 
L-ascorbic acids, However, unlike the latter drugs, 3-methyl- 
cholanthrene exerts little or no effect on the urinary 
excretion of free D-glucuronic acid, Turnover rate studies 
with ascorbic acid-1-C+4 showed that 3-methylcholanthrene 
treatment about doubles the body pool of ascorbic acid and 
increases 10-fold the amount synthesized and metabolized each 
day. 
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URINARY METABOLITES FOUND IN THE RAT UPON ADMINISTRATION OF 
ADRENOCHROME. Arthur Sohler*,Joseph J. Noval*,Stirling 
Stackhouse*, and Albert Bryan™. Bur. of Res. in Neurology 
and Psychiatry, State of New Jersey, Princeton, N.J. 

The metabolism of adrenochrome, adrenolutin, and 5,6 
dihydroxy-N-methylindole (DHMI) as well as the physiological 
effects of these compounds are under investigation. We have 
found that in the rat, crystalline adrenochrome is metabolized 
via two pathways. One pathway is via adrenolutin which re- 
sults in a yellow fluorescent product in the urine. The 
other is by way of DHMI which yields two urinary compounds 
giving a violet color with Erlich's indole reagent. The 
urinary products appear to be conjugates of adrenolutin and 
DHMI, At least one of the Erlich~reacting compounds is a 
sulfate conjugate of DHMI. This has been demonstrated by the 
enzymatic synthesis of the urinary product from DHMI and 
inorganic sulfate in the presence of a rat liver mitochondrial 
preparation. Conjugation of all three products is indicated 
by their disappearance from urine treated with Glusulase 
(a mixture of sulfatase and glucuronidase), and the simultane- 
ous appearance of DHMI and a substance which behaves similarly 
to adrenolutin. (Supported by U.S.P.H.S. grant No. MY 3690 
and a grant from the National Association for Mental Health.) 
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THE COMPARATIVE EFFECTS OF TRIPARANOL, D-THYROXIN, AND NICO- 
TINIC ACID ON BODY CHOLESTEROL METABOLISM IN MAN. W. Hollan- 
der* and A. V. Chobanian.* Mass. Mem. Hosps., Boston, Mass. 

The effects of triparanol (250 mg./day), d-thyroxin (4 mg./ 
day) and aluminum nicotinate (1.5 gm./day) were compared in 42 
subjects. The reduction of serum cholesterol produced by 
these agents averaged 24% below control levels for triparanol, 
20% for d-thyroxin, and 16 for aluminum nicotinate. The de- 
creases in digitonin precipitable sterol appeared of similar 
magnitude for d-thyroxin and triparanol but were less for nico 
tinate. When two drugs were combined, further decreases of 
greater than 10% occurred in 7& of the cases with potentia- 
tion of effects in 21%. Of the subjects who did not respond 
to a single drug, all showed more than a 10% reduction in ser- 
um cholesterol when one of the other agents was either added 
to or substituted for the previous agent. The conversion of 
C-l4-acetate and C-1s-mevalonic acid to C-l4-sterol was not 
consistently altered by aluminum nicotinate or d-thyroxin but 
was significantly reduced by triparanol by an average of 30%. 
The addition of triparanol to aluminum nicotinate or d-thyrox- 
in also significantly reduced sterol formation. In conclusim: 
1. Triparanol, d-thyroxin, and nicotinic acid are effective 
hypocholesterolemic agents which in combination may have syrmr- 
gistic actions. 2. Of these agents only triparanol appears to 
be an effective inhibitor of cholesterol biosynthesis. 


Pharmacology 


THE METABOLIC FATE OF ARSENIC ACID IN DAIRY COWS. S.A. 
Peoples, M.D. Dept. of Pharm., Phys., Biochem., School of 
Veterinary Medicine, University of California, Davis, Calif. 

Twelve lactating dairy cows were divided into groups of 
three and fed arsenic acid at dose levels of 0.0, .05, .25 
and 1.25 mg/kg. The feeding period was 8 weeks followed by a 
15 day feed-off period. Samples for arsenic analysis were 
taken as follows: Milk at weekly intervals, body tissues, 
blood, urine, and feces on 2 animals from each group at 8 
weeks and on tissues, blood, urine and feces of the remain- 
ing animals sacrificed after the feed-off period. It was 
found that at no dose level did arsenic appear in the milk, 
and was less than .2 ppm in blood, bone, brain, heart, fat, 
and skeletal muscle. The main storage of arsenic was in the 
spleen and liver being 1.2 and 2.0 ppm respectively at the 
highest level. The concentration in feces was low but the 
urine concentration was high being proportioned to the dose 
level. After 4 days of the feed-off period there was no 
arsenic in the urine or feces and after 15 days only the 
spleen and liver at the highest dose level had detectable 
amounts of arsenic. It was concluded that arsenic acid is 
rapidly excreted in the urine with little tendency to accu- 
mulate in the tissues and no excretion in the milk. 
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THE SEQUESTRATION OF d-TUBOCURARINE BY GANGLIOSIDE. 
R. L. Irwin and E. G. Trams. National Institutes of Health, 
Bethesda, Md. 

Ganglioside isolated from calf brain has been found to 
decrease the biological activity of d-tubocurarine, presum- 
ably by sequestration or binding of the d-tubocurarine mole- 
cule. Contractions of non-eserinized frog rectus muscles 
produced by acetylcholine were determined in the presence of 
d-tubocurarine and also with d-tubocurarine prepared in a 
solution of ganglioside. At concentrations of 1 to 20 mg/ml 
the ganglioside decreased the blocking activity of d-tubo- 
curarine by 10-90%. The two compounds appeared to interact 
at molar concentrations which required an approximately four- 
fold excess of the ganglioside for sequestration of the d- 
tubocurarine. Ganglioside from which the neuramic acid had 
been removed by hydrolysis, N-acetylneuraminic acid, heparin 
or certain other molecules with molecular weights similar to 
the ganglioside did not alter appreciably the activity of 
d-tubocurarine. 
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UPTAKE OF INTRAVENOUSLY INJECTED Cl4 aMINOGUANIDINE BY 
RAT TISSUES. H.H. Welch*, Dept. Clinical Sci., Univ. of 
Illinois, and Dept. Chem., Roosevelt College, Chicago, 

It was hypothesized that, like histamine, the uptake 
of intravenously injected aminoguanidine (AG) by the tig. 
sues of the rat might be correlated with their histani- 
nase (HDO) concentration. Cl4guanidine bicarbonate was 
synthesized by dehydrating Cl4guanidine nitrate with gul- 
furic acid and recrystallizing it as Cl* nitroguanidine, 
which in turn was reduced to cl aminoguanidine by cata- 
lytic hydrogenation using an acid media and platinua 
oxide as the catalyst. A stable bicarbonate salt was 
then made. The CLG was given intravenously to rate, 
After 10 minutes the rats were decapitated and the tig- 
sues in small amounts were dissolved in Hyamine solution 
and converted into a buffered solution for counting with 
a Tri-Carb scintillation counter. The average mg AG/ 
gram of sample for 4 rats was: Stomach (glandular), 2.24 
kidney, 1.22; liver, 1.06; small intestine, 0.88; ekele- 
tal muscle, 0.45; lung, 0.36; remainder of gut, 0.20; 
feces, 0.16; blood, 0.04. These values, according to 
the organ correlated well with the wlues for histamine 
destroyed per gram of rat tissue reported by Waton. 
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STUDIES ON THE EXCRETION OF FREE 17-KETOSTEROIDS. Jay J. Gold 
and Sara Goldberg.* Michael Reese Hospital, Chicago, II], 

Fifty-three patients have been studied with regard to the 
percent free |17-ketosteroid they excrete In their urine. Nor- 
mal females in both phases of the menstrual cycle and normal 
males excrete 2.3-2.4%; pregnant women excrete 7.0% In the 
first trimester and this progressively decreases to 4.0% by 
the third trimester. Patients with the Stein-Leventhal syn- 
drome excrete 5.1%, those with the borderline adrenogenital 
syndrome 10.4% and those with the adrenogenital syndrome 15- 
35%. Wedge resection In the Stein-Leventhal patient resulted 
in a fall in the total 17-ketosteroid and free 17-ketosterold 
but the percent free remained above normal. Two chorlocarci- 
noma patients excreted approximately the same percent free 17- 
ketosteroid as in the first trimester of pregnancy. Patients 
with primary hypogonadism excreted free 17-ketosteroids Ina 
percent slightly above normal. Patients with chronic liver 
and renal disease excrete amounts much above normal. Hirsute 
patients including those with ovarian and adrenal disease 
clearly excrete free 17-ketosteroids in a greater percent than 
normal, Furthermore the ovaries may actively contribute to 
such excretion. (Supported by grants from U.S. Public Health 
Service and the American Cancer Society.) 
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IN VITRO METABOLISM OF STEROIDS IN THE RAT KIDNEY. 
Virendra B. Mahesh* Medical College of Georgia, 








Augusta, Ga. 

The in vitro metabolism of cortisone, cortisol, 
tetrahydrocortisone, tetrahydrocortisol, allotetra- 
hydrocortisone, allotetrahydrocortisol, lli-keto- 
etiocholanolone, Ll-hydroxyetiocholanolone, 11l-keto- 
androsterone, ll-hydroxyandrosterone, testosterone 
and Q\‘-androstenedione has been studied in rat 
kidney mince. The study reveals the presence of 
enzymes capable of oxidizing 11B-hydroxyl,3@ -hy- 
droxyl and 17B-hydroxyl groups to the respective 
ketones and the reduction of 17 and 20 keto groups 
to their hydroxyl derivatives. The reduction of 17 
and 20 keto groups to hydroxy groups takes plage 
both in the 5Q- and 5B-steroids and also in Q’-3- 
ketosteroids. The ll-oxygen function of the mole- 
cule tends to determine the rate of this reduction, 
the rate of reduction being greater in 1l-ketones 
as compared to ll-hydroxysteroids. Oxidation of 
the ll-hydroxyl to jl-ketones takes place only in 
5Q-steroids and Qit-3-ketosteroids and not in the 
5B-steroids and this reaction appears to be 
irreversible. (Supported by Grant No.P-258 from 
the American Cancer Society.) 
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Biochemistry 
INTERACTION OF CORTISOL WITH COMPONENTS OF LYMPHATIC TISSUE. 
¥ * and E. L. Hess. Worcester Foundation for 


imental Biology, Shrewsbury, Mass. 

Cortisol has been found to interact with a ribomicleopro- 
tein constituent of lymphocytes. This component was precipi- 
tated at pH 5.1 from a cytoplasmic extract of thyms. The 
interaction was measured spectrophotometrically by a decrease 
in optical density at 28 mi, according to Westphal's proce- 
dure. Cortisol-h-Clh was utilized in studying the interaction 
by moving boundary electrophoresis, and by ultrafiltration. 
In electrophoresis experiments samples were pipetted from the 
region between the salt boundary and the slowest moving 
poundary in the descending limb. Decrease in counts compared 
with counts in the original solution was taken as a measure 
of interaction. "Bound" cortisol was measured in ultrafil- 
tration experiments by differences in counts of filtrates and 
the solution remaining in the dialysis casing. Results with 
all methods demonstrated interactions between cortisol and 
mecleoprotein. Electrophoretic and ultrafiltration data were 
nore reproducible than spectrophotometric results, and indi- 
cated 20-30% binding. Added Catt and Mg** increased inter- 
action, measured spectrophotometrically, to as high as 60%. 
This effect was not found with the other methods. ( orted 
by grants from Nat. Inst. of Health and Am. Cancer Soc. 


Biochemistry 


EFFECTS OF GLUCAGON AND INSULIN ON CARBOHYDRATE METABOLISM IN 
A LIZARD. Anthony DiMaggio III. Louisiana State University 
School of Medicine, New Orleans, La. 

The marked seasonal changes in liver glycogen, carcass gly- 
cogen, and blood glucose level which the lizard, Anolis 
garolinensis, undergoes (Dessauer, Proc. Soc. Exp. Biol. and 
Med. 82:351, 1953) suggest changes in hormonal activity. The 
table beiow summarizes the effect of bovine glucagon*(G), 
bovine glucagon-free insulin *(I), and a combination of G and 
I injected i.p. for 3 days into fasting anoles. 

Month Group Blood Glucose Liver Glycogen 


Mg% ? S.D. Mg/g body wt-S.D. 
Aug. Controls 215 t 34 0.22 = 0.09 
Aug. Glucagon 5mg/kg 289 t 55 0.19 + 0.12 
Nov. Controls 134+ 9 0.34 + 0.08 
lov. Glucagon 5mg/kg 403 * 50 0.16 ¢ 0.05 
Nov. Insulin 25mg/kg 116 + 10 0.19 + 0.09 
Wov. I 25mg/kgtG lmg/kg 217 t 69 0.34 * 0.16 


Bovine glucagon was 5 times as effective as insulin in pro- 
ducing changes in blood glucose and liver glycogen. Response 
to exogenous glucagon was directly related to liver glycogen 
content and presumably inversely proportional to endogenous 
glucagon secretion. 

‘Gift of Eli Lilly Co. 


, Biochemistry 
BIOCHEMICAL DETERMINATIONS OF CANINE PROSTATIC FLUID. 
Harris Rosenkrantz, James Langille* and Marcus M.Mason*. Dept. Biol. 
ark Univ.and Biol. Test. Lab., Worcester, Mass. 

Due to the studies of Huggins (Harvey Lect., 1946) on the canine 
prostatic secretion, other investigators have used the volume of this 
fluid as a bioassay procedure for antiandrogens. The present investiga- 
tion was concerned with exploring the possibility of using some of the 
chemical constituents in evaluating prostatic function. Dogs of mixed 
breed were prepared with direct prostatic fistulas and the secretion col- 
lected 2 to 3x per week by stimulation with pilocarpine. The majority 
of dogs were castrated and maintained on testosterone daily. Determina- 
tions of volume, pH, dry weight, total nitrogen, protein nitrogen and 
carbohydrate were carried out during control and stilbestrol period. Com 
period titers (mg./ml.) were: 26.3 +2.0, dry weight; 2.78 30.30 total 
nitrogen; 1.64 + 0.47, carbohydrate; stilbestrol period: 2.05 + 3.5; 
1,99 + 0.55 and 0.53 + 0.17. Volumes ranged from 2 to 9 ml. and the 
pH was from 6.5 to 7.2. About 70% of the total nitrogen could be as- 
signed to protein and 30% to non-protein. It was found that stilbestrol 
depressed the levels of nitrogen, carbohydrate and dry weight whereas 
testosterone elevated them. Non-castrated dogs overcame the stilbestrol 
effect more readily than castrates. Bioassay application will be discuss- 
ed. (Supported in part by Cancer Chemotherapy Contract SA-43=ph 3761 .) 
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Biochemistry 


Direct Evidence for Formation of Stercid-DPN Complexes. Carl 
Monder.* Albert Einstein College of Medicine, Yeshiva Univer- 
sity, New York City. 

Indirect evidence indicates that steroid hormones form com- 
plexes with coenzyme components (Munck et al. Biochem. Biophys. 
Acta 26, 397 (1957)). We have found that 20,21-ketol steroids 
react with DPN and other nucleotides above pH 8.5 to form com- 
plexes with optical absorption maxima at 345 mi. Rates of com- 
plex formation depended on steroid, DPN, and hydroxyl ion con- 
centration. Estrogens, androgens, and progesterone did not 
react to form products absorbing at 345 mi. Formation of com- 
plex proceeded with loss of reducing power of steroid side- 
chain and decrease in optical absorbance at 240 mi. One H* 
was released per molecule of complex formed. These and other 
data indicate that steroids react at the 20,2l-ketol and A‘- 
3-keto configurations with DPN. Reaction of cortisol (100 mg) 
and DPN (100 mg) in 60% ethanol at pH 11 and at room tempera- 
ture yielded a complex precipitated by excess alcohol and sol- 
uble in water. Phosphate: ribose: nicotinamide: nitrogen were 
present in a ratio of 2:2:1:7; calculated molecular weight was 
about 950. A structure consistent with the data will be pro- 
posed. 


Pharmacology 


ANABOLIC PROPERTIES OF h-CHLORO-19-NORTESTOSTERONE ACETATE, 
Sk&F 6611. H L. Saunders* and Margaret C. Dogeett*. 

Smith Kline & French Labs., Phila., Pa. 
h-Chloro-19-nortestosterone acetate, SK&F 6611 is one of 
the more potent anabolic steroids. It possessed 6.6 times the 
anabolic and 0.) the androgenic activity of testosterone when 
assayed in the levator ani-seminal vesicle weight test. Ana- 
bolic effects were also apparen* under the influence of massive 

catabolic doses (20 mg/kg) of hydrocortisone. Following the 
administration of a single 100 mg/kg dose subcutaneously to 
castrate rats, SK& 6611 increased the weights of the levator 
ani mscle significantly above the castrate controls from the 
3rd to 3th day post injection. In addition, SK& 6611 ex- 
hibited minimum androgenicity during the entire post injection 
period. When administered subcutaneously for 1) days and com- 
pared to 17a-ethyl-19-nortestosterone and 178-hydroxy-17a- 
methyl-1,l-androstadien-3-one, SK& 6611 possessed 0.8 the ana- 
bolic and 0.5 the androgenic activity of the former compound 
and 11 times the anabolic and 2.) the androgenic activity of 
the latter compound. Significant inhibition of pituitary go- 
nadotropins was manifested at doses of 0.6 and 1.2 mg/rat/10 
days when administered to a castrate male rat varabiotically 
united to an intact female. Significant increases in the 
weight of the levator ani were also obtained in the male para- 
biont with minimum androgenicity. 


Pharmacology 


EXTRACTION AND PURIFICATION OF FOLLICLE STIMULATING HORMONE 
(FSH) FROM OVINE PITUITARY TISSUE. C. L. Cahill*, R. W. Payne, 
and M. R. Shetlar*. Depts. of Biochemistry, Pharmacology and 
Medicine, Univ. of Okla. School of Med., Okla. City, Okla. 
Frozen sheep pituitary glands are extracted with 1.0 M 
urea solution for 24 hours at a temperature of 5° C. Initial 
concentration of FSH is accomplished by precise variations of 
pH and stepwise addition of solid ammonium sulfate to a final 
concentration of 3.0 M. Column electrophoresis of this 
material, using starch as the supporting medium, and veronal 
buffer at pH 8.6 provides further purification. The final 
step in the purification of FSH is provided by chromatography 
on columns of DEAE - cellulose eluting with increasing con- 
centrations of phosphate buffer. The purified FSH thus 
obtained exhibits a high degree cf biologic activity when 
assayed in the hypophysectomized estrogen-treated immature 
rat, using increase in ovarian weight as the endpoint 
(Endocrinology 65:389, 1959). The material appears to be 
homogeneous as judged by paper electrophoresis over a wide 
range of pH. (Supported by NIH Predoctoral Research Fellow- 
ship # CF-7101-C (2) and NIH Grants RG-4588 C (2) and 
# A-3445). 
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Pathology 


ADRENALS AND REPRODUCTIVE ORGANS OF FEMALE MICE KEPT SINGLY, 
GROUPED, OR GROUPED WITH A VASECTOMISED MALE. Jer K. Mody* 
and John J. Christian. Penrose Research Laboratory, and 
Dept. of Pathology, University of Pennsylvania. 

The three experimental groups consisted of mature females 
maintained singly, in groups of six or grouped in threes 
with a vasectomised male. The animals were inbred from 
wild house mice. Duration or frequency of estrus did not 
differ between the isolated and the grouped females at 10 
weeks of age, but at 20 weeks of age the mean duration of 
estrus was greater in the isolated females. The grouped 
females kept with vasectomised males showed very little 
estrus due to recurrent pseudopregnancies. Degeneration 
of the adrenal X-zone and an increase in the number of 
corpora lutea in the ovaries occurred with grouping. These 
changes were enhanced in the females which had undergone 
recurrent pseudopregnancies. In these latter animals, 
mammary acinar proliferation and uterine endometriosis were 
seen. Alterations in the histology of the adrenals and 
ovaries, along with characteristics peculiar to this strain 
will be described. The results suggest that there may be 
an increase in androgens and progestins. (Supported by a 
grant from the National Heart Institute). 





Pathology 


THE EFFECT OF GROUPING ON THE ADRENALS AND GONADS OF CHICKENS. 
George L. Flickinger* and Herbert L. Ratcliffe. Penrose 
Research Laboratory, Philadelphia Zoological Society, and 

the Dept. of Pathology, University of Pennsylvania. 

Single Comb White Leghorns, five weeks of age, were 
maintained as eight groups of six with randomly distributed 
males and females, and as twenty male-female pairs. The 
floor space per bird was equal. One group and two to three 
pairs were sacrificed for study at weekly intervals from 
seventeen to twenty-four weeks of age. Adrenals of grouped 
birds were significantly heavier than those of paired birds, 
a difference that became more pronounced with sexual matur- 
ity. Adrenal weights of the males in the groups correlated 
reciprocally with the social rank. This was not true of 
the females in the groups. Spermatogenesis and weight gains 
of the testes were delayed in the subordinate males of groups 
in comparison to the dominant males and males of pairs. 
Maturation of the testes of subordinate males was accompanied 
by pronounced degenerative changes. Ovarian weight gains 
and follicular development did not differ between the females 
of groups and of pairs. The effect of grouping is reflected 
most strikingly in the rate of testicular development and 
in adrenal weight changes after sexual maturity. (Supported 
by Grant H-1979(C6) National Heart Institute). 





Nutrition 


EFFECT OF MER/29 (TRIPARANOL) ON CORTICOSTERONE SECRETION BY 
RAT ADRENALS. John Holloszy* and Albert Eisenstein, Jewish 
Hospital of St. Louis, St. Louis, Missouri 

Triparanol, which blocks conversion of 24 dehydrocholester- 
ol to cholesterol, is used as a serum cholesterol lowering 
agent. It also reduces tissue cholesterol in rats. Since 
cholesterol is a precursor of adrenal steroid hormones, it 
was thought that triparanol might reduce corticosteroid se- 
cretion. Therefore, the effect of this agent on corticoster- 
one production was studied. Two groups of male rats were 
given triparanol, 30 mg/kg daily by stomach tube. Controls 
were given vehicle only. One group was treated 25 days, the 
other 35 days. Adrenal vein blood was collected by renal vein 
cannulation and plasma corticosterone measured. After 25 days, 
mean plasma corticosterone level was 12.8 + .88/ml in treated 
rats and 17.5 + 1.48/ml in controls. After 35 days, mean cor- 
ticosterone levels were 9.85 +.98/ml in treated and 16.5 + 2.6 
O/ml in control rats (p<0.05, in both). Mean corticosterone 
secretion rates were 56.3 + 6.40/hr in treated rats and 71.4 + 
5.78/hr in controls after 25 days; after 35 days mean secre- 
tion rates were 45.8 + 3.38/hr in treated and 76.3 + 10.18/hr 
in control groups (p< 0.05 in 35 day group). Total adrenal 
chelesterol in treated groups was about 25% that of controls. 
These results demonstrate that triparanol results in decreased 
corticosterone secretion by the rat adrenal. 
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SEX DIFFERENCES IN THE EFFECTS OF STILBESTROL ON PITUITARY 
AND ADRENAL SECRETION IN RATS. Julian L. * University 
of Virginia,School of Medicine, Charlottesville, Virginia 
Stilbestrol produced apparently similar increases in 
pituitary and adrenal weight in male and female rats. Pitui- 
tary ACTH content was doubled in the female and unchanged in 
the male animals. Pituitary RNA and DNA were both 
in the male whereas RNA was increased in female rats given 
stilbestrol. Plasma Cpd. B levels after stress or ACTH were 
unaffected in stilbestrol-treated males but were markedly 
decreased in females. Stilbestrol shortened the biological 
half-life of Cpd. B in male rats and prolonged it in female 
animals. Secretory capacity was enhanced in male adrenal 
slices in vitro following stilbestrol administration in vivo, 
Inhibition of secretion was observed in female adrenal slices 
under similar conditions. Adrenal RNA is increased in both 
male and female rats given stilbestrol whereas adrenal DNA 
is unchanged in the male and decreased in the female. These 
findings suggest significant sex differences in the effects 
of stilbestrol on pituitary and adrenal secretion. Adrenal 
inhibition was observed in the female with increased ACTH 
secretion whereas adrenal stimulation was observed in the 
male associated with non-specific pituitary changes. 


Physiology 


EFFECTS OF GLUCOCORTICOIDS IN VIVO AND IN VITRO ON NET GLUCOSE 
UPTAKE BY RAT EPIDIDYMAL FAT PADS. Allan Munck*, Department of 
Physiology, Dartmouth Medical School, Hanover, New Hampshire, 
Previously it has been shown that injection of adrenalecto- 
mized rats with cortisol decreases the net in vitro rate of 
glucose uptake by epididymal fat pads. Some general conditions 
under which this effect is observed are now described. Results 
of similar magnitude to those seen with adrenalectomized rats 
have been obtained with normal rats, whether fed or fasted, 
and with hypophysectomized-adrenalectomized rats. Corticoster- 
one has been found to have roughly the effectiveness of corti- 
sol. With fasted adrenalectomized rats a significant decrease 
in glucose uptake can be observed in fat pads removed 30 min, 
after injection of cortisol; the decrease in glucose uptake 
therefore clearly precedes the increases in blood glucose and 
liver glycogen shown previously to occur at about 90 and 120 
min. after injection. A direct in vitro effect has been found: 
fat pads incubated in 10-4 M/1 cortisol take up glucose at 
about 50% the rate of controls. It is proposed that a decrease 
in the net rate of glucose uptake by adipose tissue is a 
normal physiological response to glucocorticoids, which ac- 
counts for at least part of the early changes in carbohydrate 
metabolism seen after injection of rats with cortisol. (This 
work was supported by a research grant (A3535) from the Na- 
tional Institute of Arthritis and Metabolic Diseases, P.H.S.) 


Physiology 
STEROIDOGENESIS IN ADRENAL TUMORS OF MICE. Nicholas P. 
Christy* and Frederick G. Hofmann. Columbia Univ., New York, 
} . 





Gonadectomy-induced adrenal cortical tumors in dba x ce 
(Fl) female mice apparently secrete androgenic hormones. As 
steroid C-17 hydroxylation does not occur in this tissue, the 
pathways of androgen biogenesis are unknown. To test the ene 
zymic activity of this tumor, cell-free homogenates of tumor- 
ous tissue were incubated in the presence of an unphysiologi- 
cal substrate, 17a-hydroxyprogesterone. Control incubations 
were made with normal adrenal glands obtained from the same 
strain of mice. The Cell and C-21 hydroxylase activities, on 
a weight basis, were reduced in the tumor; to a lesser extent 
this was true also of C-17, C-20 desmolase activity. The de- 
crement in enzymic activity was directly proportional to the 
size of the tumor. Evidence of 17f-ol dehydrogenase activity, 
while present in normal tissue, was essentially absent in the 
neoplastic tissue. The tumorous tissue converted the sub- 
strate, to an abnormally great extent, to an unknown compound 
slightly more mobile on paper than Cpd. B in the system tol- 
uenespropylene glycol. The neoplastic tissue gave no evi- 
dence of an enhanced ability to convert the substrate to the 
androgenic compounds, androstenedione and testosterone. (Sup- 
ported in part by a grant (C-2121) from the National Cancer 
Institute, Public Health Service.) 
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Physiology 


EFFECT OF VARIOUS STEROIDS ON ADRENAL REGENERATION. J. J. « 
Chart, Nancy Howie* and Fredda Krauser*. Research Dept., 
(IBA Pharm. Prod. Inc., Summit, N. J. 

It was first observed in studying the effects of the 
mabolic steroid, A1-17a-methyltestosterone (methandrolone, 

R ), in adrenal regeneration hypertension in rats 

that this compound not only delayed development of hyper- 
tension and promoted weight gain but also suppressed re- 
generation of the enucleated adrenal gland. In light of the 
well-known ability of androgens to prevent adrenal atrophy 
caused by glucocorticoids this effect seemed paradoxical. A 
series of eleven steroids was investigated for this type of 
activity in female rats which had one adrenal removed and 
the other enucleated. As expected, hydrocortisone inhibited 
regeneration of the adrenal capsule. Progesterone, estradiol 
178, spironolactone and aldosterone showed no inhibitory 
effects on adrenal regeneration. However, methandrolone, 
mthyltestosterone, testosterone, norethandrolone and fluoxy- 
msterone all suppressed adrenal regeneration. Preliminary 
evidence in hypophysectomized rats given ACTH or ACTH plus 
androgens suggests that the androgens are acting by means 
other than inhibition of ACTH peripherally. 


Physiology 


HORMONAL REGULATION OF SALT BALANCE IN FROGS. By Ts. Scheer, 
Me tie Mumbach* and B. Le Cox*, Dept. of Biol., Univ. of 
Oregon, Hugene, Ore. 

Exposure of frogs to high Na* concentrations (150 mM NaCl) 
causes a decrease in active sodium uptake and an increare in 
electrical resistance in the skin similar to the effects of 
destruction of interrenal tissue by cautery. The effects are 
reversed in both cases by aldosterone, but treatment of frogs 
in tap water or in saline with aldactone has no effect on the 
skin, The urine Nat of frogs in saline increases from the tap 
water value of 5 mM or less to about 100 mM, but does not be- 
come equal to plasma Na*; the plasma Na* increases to 160-180 
m™ from tap water values of 120-140 mM. Aldosterone andaldac- 
tone have no significant effects on either urine or plasma Na*. 
The urine volume decreases from about 25 ml/day to about 7 ml1/ 
day in frogs exposed to saline. We conclude that the inter 
renals of frogs are involved in control of the regulatory func- 
tions of the skin but not of the kidneys. The absence of 
effect of aldactone may mean that this agent is not an aldo- 
sterone antagonist in frogs, or that aldosterone is not an in- 
dispensable participant in salt regulation in these animals. 

We also conclude that the available regulatory mechanisms are 
insufficient to maintain homeostasis in high Na‘ concentre- 
po Supported by grant A-3539 from the National Institutes 
of Health. 


. Physiology 


KETONIC C-27 INTERMEDIATE IN THE BIOSYNTHESIS OF PREGNENOLONE 
FROM 20a-HYDROXYCHOLESTEROL. I.D.K. Halkerston* and O. 
- Worcester Fnd. Exptl. Biol., » Mass. 

It has been suggested that the conversion of cholesterol to 
pregnenolone by bovine adrenal cortex involves 20a-hydroxy~ 
cholesterol as first intermediate (Shimizu et. al. JBC in 
press). Kinettc studies with cholesterol and 20a-hydroxycho- 
lesterol using a TPNH dependent soluble enzyme system from 
bwine adrenocortical mitochondria ort this contention 
(falkerston and Hechter, JBC in press). Shimiz et. al. found 
that an unknown product "X" formed from 20a-hydroxycholesterol 
gave rise to isocaproic acid. "X" is also observed to appear 
transiently from 20a-hydroxycholesterol in our system and we 
have demonstrated that the conversion of "X" to pregnenolone 
tequires TPNH. On the basis of chromatographic behavior 
Shimizs et. al. have suggested that "X" is 20a-hydroxy-22- 
ketocholesterol rather than 20a,22-dihydroxycholesterol. Ri 
dence from incubations of 20a-hydroxycholestero1-7-H3-22-C 
vith our enzyme system in the presence of carbonyl trapping 
agents supports the view that "X" is a ketone. 1 mM phenyl- 
hydrazine (completely) and 1-10 mM semicarbazide (partially) 
blocks pregnenolone formation, although substrate conversion 
Proceeds, leading to products retaining the side chain which 
are more polar than pregnenolone or "X". (Supported by 
WPH grant RG-1,71,9). 
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Physiology 
PRESSOR AND AIDOSTERONE-STIMULATING ACTIVITY OF KIDNEYS FROM 


NORMAL AND HYPOPHYSECTOMIZED DOGS. W.F. Ganong and P,J. Mul- 
row.* Univ. of California, San Francisco, a ‘A Hospital, 


West Haven, and Yale Univ. School of Med., New Haven, Conn. 

Nephrectomy decreases aldosterone secretion in hemorrhaged 
hypophysectomized dogs, and renal extracts have aldosterone- 
stimulating activity (Ganong and Mulrow; Davis: unpublished). 
To determine the nature of the factor responsible for this ac- 
tivity, saline extracts of tissues from normal dogs and dogs 
hypophysectomized )} hrs. before were injected into hypophysec- 
tomized-nephrectomized dogs and changes in blood pressure and 
adrenal venous output of aldosterone and 17-hydroxycorticoids 
(17-OHCS) measured, Extracts of spleen had no significant ef- 
fect on adrenal secretion or blood pressure. 9 normal kidney 
extracts produced mean rises of 26.7+7.2 mig./min. (mean+S.E. ) 
in aldosterone output, 2.0+0.6 ug./min. in 17-OHCS output, and 
72.8+10,8 and 66.7+7.2 mm, Hg in systolic and diastolic blood 
pressure per kidney, Corresponding values for 9 hypophysec- 
tomized dog kidneys were 3,0+0.8 mig./min., -0.2+0.4 ug./min., 
and 21.7+h.8 and 17.2+3.8 mm. Hg. Small doses of ACTH in- 
creased I7-OHCS output markedly without affecting aldosterone 
secretion, The data indicate that renal content of pressor 
substances declines immediately after hypophysectomy, and sug- 
vest that the aldosterone-stimlating factor may be a pressor 
substance rather than ACTH. (Su ported by USPHS Grants A-3818 
and C-3998 and Commonwealth Fund). 


Physiology 


DIRECT INHIBITORY EFFECT OF HYDROCORTISONE | ON HY- 
DROCORTISONE SYNTHESIS. William C, Black,* Richar 
S, Cramoton,* Arthur 8 vergeuea,” Retin t. | 
edeLjkovic,* and Janes G, Hilton. St. Luke's 
Hospital, New York, New York, 

Arterial blood from a hypophysectomized dog was 
perfused through the isolated, intact adrenal 
glands of a hypophysectomized recivient dog accord- 
ing to the technique described by Hilton et al. 
(Am, J. Physiol. 192: 525, 1958) and hydrocortisone 
secreted in the venous effluent was measured. When 
ACTH in a concentration of 0,01 units per minute 
was added to the verfusate there was a five to ten- 
fold increase in hydrocortisone secretion, However 
when a known emount of hydrocortisone was added to 
this perfusing blood (200 wg%) there was about a 
50% decrease in hydrocortisone secretion as deter- 
mined by arterio-venous differences, On the other 
hand corticosterone in similar concentrations had 
no inhibitory effect on hydrocortisone secretion, 
This suggests that the inhibitory effect of hydro- 
cortisone on hydrocortisone synthesis is one of 
Mass action, (Supported by grants from the Nation- 
al Institutes of Health, The Life Insurance Medical 
Research Fund, and The New York Heart Association. ) 




















Physiology 
THE ISOLATION AND CHARACTERIZATION OF THE META- 


BOLITES OF ALDOSTERONE. H. Kohler*, R. H. Hi *, 
and M,_M. Pechet* Research Institute br Medicine 4 
Chemistry, idge, Mass. 

Synthetically pr ed d-aldosterone was incubated with a 
Frans. omy of rat —, and a che —— system 3 
hours @ ler ogen. stalline Be gen 
were isolated from the tacubate. The less polar compound 
crystallized from CHCl;-Et,0, m. p. 154-156°, aj% +53 
(CHCis, C=0. 362). It was identical with a sample o o- 

er 


ldo. prares by catalytic reduction of d: sterone. 
The isolated dh yar sterone was further characterized by 


oxidation an etiolactone (m. p.264-275° )which was - 
cal wi the etiolactone ¢ LG. d sterone. 

more polar compound [ [ a ]% +48° (CHCl, C=0. 165)] was idew 
tical with a goupe of tetrahydroaldosterone ed 
catalytic reduc of d-aldosterone. It was Yr C : 
terized by oxidizing to an etiolactone (m. p. -235° ) whic 
was identical with etiolactone prepared from d-aldosterone. 


It a, 's that under these conditions aldosterone is 
reduced primarily to metabolites with A/B trans [5a] con- 
figurations. The metabolism of d-aldosterone by rat liver 
homogenate under oxidizing conditions yielded only ring A 
reduced products. 
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Physiology 


THE ANTI-INFLAMMATORY ACTIVITY IN RATS OF 6 +-170-METHYL- 
TESTOSTERONE AND CORTICOSTEROIDS. A. A. Renzi, M. Stein*, 





P. Rei and V. Dube*. Research Dept., CIBA Pharm. 
Prod. -, Sumit, N. J. 


Recent clinical observations (Kuzell, personal commmi- 
cation; Clark et al., Am. Rheum. Assoc. Meet., Dallas, 
Dec. 10, 1960) show that the administration of A1-17a- 
methyltestosterone (methandrostenolone; DIANABOL® ), an 
anabolic steroid, together with glucocorticoids, in doses 
below those normally used, alleviates symptoms in patients 
with rheumatoid arthritis. Based on these findings, studies 
in rats were carried out using the granuloma pouch and 
cotton pellet implant methods. \1-170-Methyltestosterone 
was given at various doses (2, 4 and 8 mg/rat) alone and in 
combination with minimal anti-inflemmatory doses of 
cortisol or dexamethasone. {\~-170-Methyltestosterone in- 
creased the anti-inflemmatory response when combined with 
ineffective or weak doses of glucocorticoids and had weak 
enti-inflammatory effects when given alone in both 
adrenalectomized and intact animals. 


Physiology 


EVIDENCE FOR SECRETION OF AN ALDOSTERONE STIMULATING HORMONE 
BY THE KIDNEY. James 0. Davis, Charles C.J. Carpenter*, Car- 
los R. Ayers*, John E. Holman* and Robert C. Bahn, Natl. Heart 
Institute, Bethesda, Md. and Mayo Clinic, Rochester, Minn. 
Previous work has demonstrated an extracranial locus of se- 
cretion for an aldosterone stimulating hormone (ASH) (Davis, 
et al., Endocrine Society Abstracts,1960). In the present 
study, the liver and the kidneys were examined as possible 
sources of an ASH. In the absence of ACTH, an increase in 
aldosterone production in response to acute blood loss has 
been considered as evidence for secretion of ASH. In hepatec- 
tomized-hypophysectomized dogs, the control values for aldos- 
terone secretion were similar to those observed in hypophysec- 
tomized dogs, and aldosterone secretion increased following 
bleeding. In contrast, aldosterone secretion was very low 
before bleeding in nephrectomized-hypophysectomized dogs, and 
aldosterone production failed to increase following hemorrhage. 
Saline extracts of each animal's 2 kidneys were infused intra- 
venously into the nephrectomized-hypophysectomized dogs; a 
striking increase in aldosterone secretion occurred but corti- 
costerone secretion was unaffected. However, certain fractions 
from crude kidney extracts increased corticosterone as well as 
aldosterone secretion. The data provide evidence for secre- 
tion of an ASH by the kidney. 


Physiology 


EFFECTS OF NEPHRECTOMY ON ALDOSTERONE SECRETION IN DOGS WITH 
THORACIC INFERIOR VENA CAVA CONSTRICTION. Carlos R. Ayers*, 
James ©. Davis, and Charles C. J. Carpenter* (intr. by C.E. 
Hamilton). National Heart Institute, Bethesda, Md. 

The present study was designed to determine the locus of 
secretion of the aldosterone stimulating hormone (ASH) in dogs 
with secondary hyperaldosteronism produced by thoracic infer- 
ior vena cava constriction. In the first experiment, the 
acute effect of nephrectomy on aldosterone secretion was ex- 
amined in 6 anesthetized dogs with thoracic caval constriction 
and ascites; the pituitary was intect. A decrease in aldos- 
terone secretion occurred in only 2 of the 6 animals. In the 
second kidney deletion experiment, the anterior pituitary was 
removed to eliminate ACTH 3 days prior to adrenal vein cannu- 
lation in 10 dogs with thoracic caval constriction. Following 
nephrectomy, all 10 of these animals had a marked decrease in 
both aldosterone production (from mean of .033 ug./min. to 
-006 ug./min.; P<.01) and corticosterone secretion (from 
mean of .20 ug./min. to .039 ug./min.; P<.01). In 4 of the 
dogs, intravenous infusion of a saline extract of each dog's 
2 kidneys resulted in a marked increase in aldosterone secre- 
tion. The data are consistent with the concept that ASH, the 
presence of which was demonstrated previously from cross cir- 
culation experiments (J. Clin. Invest. 38:1278, 1959), is 





secreted by the kidney. 
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Physiology 
RELATION OF RENIN, HYPERTENSIN II AND EXPERIMENTAL RENAL 
HYPERTENSION TO ALDOSTERONE SECRETION. C.C.J. Carpenter*, 
J.0. Davis and C.R. Ayers* (intr. by R.P. Akers), National 
Heart Institute, Bethesda, Md. 

Dog renin prepared by Drs. Haas and Goldblatt (Amer.J, Phy. 
siol.197:1103,1959) was infused intravenously (.07 units/kg,/ 
min.) into 4 nephrectomized-hypophysectomized (N-H) dogs, 4 
striking increase in arterial pressure occurred but the in- 
crease in aldosterone and corticosterone secretion was slight 
(50%) in 3 dogs and marked (200% for aldosterone and 700% for 
corticosterone) in only one dog. Synthetic hypertensin II was 
infused into 4 N-H dogs and into 4 hypophysectomized dogs at 
-25 and .05 ug./kg./min., respectively. Aldosterone secretion 
increased consistently only with the larger dose but cortico- 
sterone output was elevated (up to 60 fold) in all 8 dogs, 
Also, Porter-Silber chromogen output was increased by hyper- 
tensin II. In 9 dogs with experimental renal hypertension of 
3-21 days duration, the average aldosterone secretion rate at 
the time of adrenolumbar vein cannulation was .036 ug./min., 
compared with .024 ug./min. for normal dogs stressed by lapar- 
otomy (P>.05). In 2 of 5 conscious hypertensive dogs, aldos- 
terone output exceeded the mean of .006 ug./min. for conscious 
normal dogs. The data show that renin and hypertensin II in- 
creased aldosterone secretion by a non-ACTH mechanism but 
yenel hypertension occurred in the absence of hyperaldosteron- 


Physiology 
RELEASE OF ADRENAL STEROIDS DURING ASPHYXIA. ON. ad 
st 


Jr.*, A, Goldfien and W.F. Ganong. Dept. Physiol., ° 
Syn. and Cardiovasc. Res. nst., U. Cal., S.F. 

We have previously reported that adrenocortical secretion 
of Porter-Silber chromagens (PSC) is decreased from a maxinal 
rate following surgical stress by asphyxia and anoxia whether 
or not ACTH fs simultaneously infused. This study was under- 
taken to determine if the reduction in PSC resulted from a 
shift to the secretion of less hydroxylated steroids or a re- 
duction in hormone release. Adrenal venous blood was col lect- 
ed from 5 dogs before and after trachea clamping (TC) under 
pentobarbital anesthesia. In 3 dogs, pre and post TC samples 
were analyzed in triplicate for compounds F, B, $ and DOC by 
the double isotope derivative technic. In 2 dogs samples were 
analyzed for progesterone by the method of Zander and Zimmer, 
In these studies, a 30-50% fall was observed in PSC, F, 8, $ 
and DOC during TC. Progesterone secretion remained less than 
0.08 ug/min, These results show that the reduction in PSC 
was not associated with an increase in the release of incom 
pletely hydroxylated steroids. It is therefore concluded 
that whether or not asphyxia produced a block in hydroxyla- 
tion of progesterone, tiie release of preformed normal or 
partially hydroxylated adrenocortical hormone was inhibited. 
(Supported by U.S.P.H.S. Grant-H-2780 and A-4426.) 


Biochemistry 
QUANTITATIVE HISTOCHEMICAL DISTRIBUTION OF GLYCOGEN IN THE 
RAT ADRENAL AND THE INFLUENCE OF ACTH. Leonard J. Greenberg” 
and David Glick. Histochemistry Laboratory, Department of 
Physiological Chemistry, University of Minnesota, Minneapolis, 
Minnesota. 

Glycogen in individual microtome sections, cut serially 
through rat adrenals, was determined after hydrolysis by 4 
micro adaptation of the glucose oxidase method of Huggett and 
Nixon, Glycogen levels were referred to protein nitrogen. 
The control profile of glycogen distribution revealed peaks 
in the capsule, inner fasciculata and medulla with the high- 
est concentration in the latter zone. Subcutaneous injection 
of 25 mg ACTH per kg body weight 3 hours before sacrifice 
significantly depressed glycogen values throughout the fas- 
cicular zone and, markedly elevated capsular glycogen. Pre- 
viously we fourid that hexose monophosphate dehydrogenases and 
reduced pyridine nucleotides also showed elevated activities 
and concentration in the fascicular zone. Administration of 
ACTH markedly increased dehydrogenase activity but had neg- 
ligible effect on reduced pyridine nucleotide concentration. 
These studies were interpreted to support the Haynes-Berthet 
hypothesis for the generation of TPNH, via oxidation of glu- 
cose-6-phosphate derived from glycogen, for steroid hydroxy- 
lation. 
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Biochemistry 


MeYOLYTIC ACTIVITY OF CORTICOSTEROID ANALOGUES BY THE ORAL 
R0UTS CF ADIMIL1STRATION. Norman R, Stephenson* Food and Drug 
led.» Dept. Natl. Health and Welfare, Ottawa, Canada. 

A significant decrease in thymus weight was obtained when 
intact 25-day-old albino rats were fed a diet containing 10 
ng. of cortisol per kg. for a period of approximately 65 hours. 
The relationship between the logarithm of the dose and the 
thyms weight was linear between 20 and 50 mg. of cortisol per 
yg. of diet. By using either the thymus weight adjusted for 
variations in body weight by covariance, or the relative thy- 
ms weight as the criterion of the response, a satisfactory 
assay procedure was developed for estimating the thymolytic 
activity of various corticosteroid analogues relative to corti 
sole Although the acetate esters of cortisone and cortisol 
were more active than the corresponding free alcohols when 
given parenterally in corn oil, they displayed the same acti- 
vity as the alcohols in the oral assay. Corticosteroids with 
an hydroxyl group at the 16-alpha position were not as potent 
yhen given orally as they were when administered by subcuta- 
neous injection. In contrast, the thymolytic activity of 14- 
elpha-hydroxycortisol was not influenced by the route of ad- 
ninistration. Dexamethasone displayed the same relative po- 
tency by the oral assey as it did when injected subcutaneously 
in corn oil, but the 16-beta-methyl isomer (betamethasone) was 
less active following oral administration in the diet. 


Biochemistry 


17-HYDROXYPRECNENOLONE AS A PRECURSOR FOR CORTISOL. Irvi 
eliky* and Lewis L. Engel. John Collins Warren Labs., Hun- 
tington Hosp. of Harvard Univ. and the Dept. of Biological 
Chem., Harvard Med. School, Boston, Mass. 

Slices of an adrenal tumor, removed from a patient exhi- 
biting Cushing's syndrome, were incubated with a mixture of 
lJ-hydroxypregnenolone-7a-H3 and progesterone-4-C*4; initial 
B:C4=7, Products were isolated by a carrier dilution tech- 
nique and gradient elution partition column chromatography 
using Hyflo-Supercel as supporting medium, aqueous 80% metha- 
mol as stationary phase, 2,2,l-trimethylpentane as mobile 
phase and an exponential gradient of 1,2-dichloroethane, The 
isolated compounds were purified by successive recrystalliza- 
tion and_countercurrent distribution. Specific activities 
and H3:C14 ratios were calculated. Cortisol was found to 
contain more tpan 50% of the initial H? activity, and 15% of 
the initial C14 activity; H3:C14 ratio=7.9 £ 0.5. 116-Hy- 
droxyandrostenedione contained h% of the initial H? and 1.3% 
of the initial C14 activity; H3:Cl4 ratio=8.7 20.5. It is 
concluded that both 17-hydroxypregnenolone and progesterone 
tay serve as intermediates in the biosynthesis of 17-hydroxy- 
progesterone and those steroids derived from it. 


Biochemistry 


> 


DETERMINATION OF TOTAL 17-OH-CORTICOSTEROIDS. 


Benjamin N. Horwitt. Bio-Science Laboratories, 
les Angeles Z5~ California. 

The use of sodium bismuthate as a glycol fission 
reagent (Norymberski et al., LANCET 1:1276, 1953) 
has been of, considerable value in quantitating 
17% -hydroxycorticosteroids in urine. By intro- 
ducing a primary borohydride reduction of ketones, 
17&-hydroxy, 20-ketone, 21-deoxy compounds will 
also be converted to 17-ketosteroids by bismuthate 
oxidation. Published methods utilizing this tech- 
nique require an overnight reaction. A recent 
Study of the bismuthate oxidation reaction revealed 
that there may be considerable variation in reac- 
tion time depending on source of reagent (Diczfa- 
lusy et al., Acta Endocrin. 27:275, 1958).. The 
present investigation was undertaken to reduce the 
time necessary to complete the determination of 
total 17-hydroxycorticosteroids to within one 
normal working day. It has been possible to modify 
the technique so that the borohydride reduction and 
rad bismuthate oxidation may be carried out in 2} 
ours, 
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Biochemistry 

LIBERATION OF CORTISONE AND CORTISOL FROM URINE BY 
A -GUWICURONIDASE. Joffre Brouillet* and Vernon Re Mattox. 
Mayo Foundation and Mayo Clinic, Rochester, Minnesota. 

An attempt has been made to determine whether cortisone and 
cortisol occur in human urine as conjugates with glucuronic 
acid. Chloroform extracts of a sample of urine were made 
successively (1) after it had stood at pH 1.0 for 20 hours, 
(2) after the same sample had stood at pH 5.0 and 38° for an 
additional four days, and finally (3) after the sample had 
subsequently been treated with S-glucuronidase (Ketodase) at 
pH 5.0 and 38° for four days. The cortisone and the cortisol 
in the three different extracts were purified by three 
successive paper chromatograms and quantitated by means of 
the Porter-Silber reaction. Several samples of urine from 
normal subjects were investigated. In each case, treatment 
with4 ~glucuronidase liberated additional amounts of 
cortisone and cortisol, which were approximately equal to the 
amounts initially obtained by extraction at pH 1.0. Only 
traces of these steroids were released by incubation in the 
absence of Ketodase. Practically no cortisone or cortisol 
was liberated during incubation of urine in the presence of 
both S-glucuronidase and a potent inhibitor of this enzyme, 
Deglucaro-1:4-lactone. These findings are consonant with 
the presence of cortisone and cortisol as glucuronides in 
human urine. 


Biochemistry 


PURIFICATION AND PROPERTIES OF "TRANSCORTIN",THE CORTICOSTER- 
OID-BINDING GLOBULIN. U,S.Seal* and R.P.Doe*. V.A.Hospital 
and University of Minnesota, Minneapolis, Minnesota. 

The specific alpha, globulin of human serum which has a high 
affinity for cortisol, has been purified approximately 1000- 
fold from the sera of estrogen-treated males. Purification was 
accomplished by preliminary separation on diethylaminoethyl 
cellulose followed by four cycles through hydroxylapatite col- 
umns, with an overall recovery of 80%. The final preparation 
showed a single peak in the ultracentrifuge and had a $20, of 
2.9. Immunoelectrophoresis utilizing four different antisera 
showed only a strong alpha; globulin precipitin line.The prep- 
aration contained 4 moles each of fucose and sialic acid per 
mole of protein on the basis of an estimated molecular weight 
of 40,000. Incubation of the preparation with neuramidase 
split off sialic acid and released the protein-bound cortisol. 
Binding of cortisol by the glycoprotein was temperature depen? 
ent, being strongest at 2°, and decreasing to nearly complete 
dissociation at 42°, This was reversible. This siuple purifi- 
cation procedure will permit preparation of sufficient quanti- 
ties of pure protein for more detailed studies of the structure 
and mechanism of binding. (Supported by USPHS Grant C5371.) 


Biochemistry 


INHIBITION OF CORTICOID PRODUCTION IN RAT ADRENAL HOMOGENATES 
BY DIPHOSPHOPYRIDINE NUCLEOTIDE AND ITS REVERSAL BY ASCORBATE 
AND OTHER SUBSTANCES. Seymour B. Koritz™. Biochemistry Dept., 
Univ. of Pittsburgh, School of Med., Pittsburgh, Pa. 

DPN, in the presence of TPN and glucose-6-phosphate (G6P), 
inhibits the production of corticoids from endogenous precur- 
sors in frozen rat adrenal homogenates prepared from preincu- 
bated adrenal sections. Little DPN inhibition is seen if mal- 
ate, isocitrate, 6»phosphogluconate or fumarate replace G6P. 
These substances are also less effective than G6P for stim- 
lating corticoid formation. The DPN inhibition is reversed by 
ascorbate as well as by pyruvate and oxalacetate, but not by 
lactate or malate. This suggests that the inhibitor is DPNH 
rather than DPN and that the inhibition is not due to a trans- 
hydrogenase mediated decrease in TPNH concentration. However, 
transhydrogenase is probably involved in the generation of 
DPNH since a partial reversal of the DPN inhibition is ob- 
tained by thyroxine. At low conc. DPNH is more inhibitory 
than DPN at short incubation times. At more than a 30 min. 
incubation they are equally inhibitory. At high conc. DPNH 
is the more effective inhibitor even with longer incubation 
times. The inhibition apparently occurs at the oxidation of 
pregnenolone to progesterone. Ascorbate and pyruvate not only 
reverse this inhibition but increase the conversion of preg- 
nenolone to corticoids in the presence of DPN. 
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Biochemistry 


RAT AAA AND CORTICOID RESPONSE TO RIBOFLAVIN AND FYRIDOXINE 
DEFICIENCY. Grant G. Slater.* Depts. Psychiatry and Physiol. 
Chem., UCLA Med. Ctr., Los Angeles, California. 

Vitamin deficient diets induced rats to restrict their 
caloric intake, and food restriction has produced in young 
rats non-responsiveness of the adrenal cortex to acute stress 
as measured by the adrenal ascorbic acid(AAA). In these 
studies the effect of vitamin Bg, BD and By Bo deficiency on 
the AAA, adrenal corticoids(AC), plasma corticoids(PC) 
were determined after feeding weanling rats with pair-weighed 
and ad libitum controls the deficient diet for 3, 5, 7, amd 9 
days. The initial weight was 50 45 g., after 9 days the ad 
lib. controls weighed 90 g., -Hj weighed 81 g., -Bp weighed 57 
ge and -B6Bp weighed 54 g. The pg. AAA/100 g. rat showed no 
differences between deficient and pair-weighed controls, but 
groups were different, thus, ad lib. 105, -& 116, -Bo 119, 
-BoBo 146. The AC in pe./100 g. rat were ad lib. 0.22, -b 
0.2 pair 0.33, -Bo 0.89 pair 0.74, -BgB2 1.03 pair 1.26. The 
PC in ay g. rat were ad lib. 0.58, -ig 0.70 pair 0.72, 
-Bo 1.15 ~~ 1.24, and -KjBo 0.94 pair 1.64. Each average 
was from 8 to 12 rats. The high AC and low PC of rats on the 
-B6Bg diet indicated that there was either a very rapid periph- 
eral utilization of corticoids or that there was an inhibited 
rate of release from the adrenal gland. Although, the AAA 
showed adrenal cortical activation the AC were a much more 
sensitive indicator of stress. (Supported by a grant from 
the California State Dept. Mental Hygiene). 


Biochemistry 


EFFECT OF ALDACTONE ON URINARY ALDOSTERONE, SODIUM AND POTAS- 
SIUM IN ESSENTIAL HYPERTENSION. Josephine B. Garst, N.P. 
Shumway*, H. Schwartz, and G.L. Farrell*. Crile Veterans 
Administration Hospital and Western Reserve University School 
of Medicine, Cleveland, Ohio. 

The effect of the aldosterone antagonist SC 91:20 (Aldactone) 
on the excretion of aldosterone, sodium and potassium was stud- 
ied in four hospital patients with essential hypertension. For 
the 1 days of the study, each patient had a daily intake of 
106 mEq. of sodium; from the 5th day through the lth day, 2h 
hr. urine les were collected daily; and from the 8th day 
through the ljth, 400 mg. SC 9420 were administered daily. The 
urinary Na/K ratio showed a 1 to 7 fold increase within 8 hrs. 
due to natriuresis in two cases, potassium retention in the 
third, and combined sodium and potassium changes in the fourth. 
In all cases urinary aldosterone (mean control level 6.8 pg./ 
2 hrs.) showed a 2 to 7 fold increase oc at about the 
same time but not correlated with the Na/K ratio. With con- 
tinued treatment, the aldosterone excretion level returned to 
control values within 1 to 2 days, the Na/K ratios falling to 
values slightly above control levels. On the 6th or 7th day, 
the aldosterone values showed a second peak (1 to 15 times 
control values), but the Na/K ratios were unchanged. The data 
indicate that compensatory increases in aldosterone secretion 
occur during Aldactone administration. 


Biochemistry 


PLasiuaA COnTIVUSTERONE LEVELS AND KYPEATENSION IN 
RaTS. P.iue Hyde and F.R.Skelton.* L.S.U. School of 
Med. an roan Maes Res. Fan., New Orleans, La. 
Plasma levels of corticosterone were measured 
during development of hypertension prodyced by 5 mg 
corticosterone daily in young female adrenalect- 
omized, uninephrectomized rats given NaCl as 1% 
drinkin; fluid (A) or 5% in diet (B). At 0, 10, 20& 
30 days, tail blood was drawn at O, 1, 3, 6, and 12 
hours in groups of 10 rats after injection of 2.5mg 
microcrystalline suspension of corticosterone per 
100 gm boauy weight. Plasma corticosterone was 
determined by a fluorometric procedure. 
Mean Corticosterone Levels in vg-/100 ml. Plasma 
0 hr. hr. 3 hr. oe hr.  L12-hr. 
A 320043.92 70.6¢3.2 62.3#2.5 49.2¢2.1 27.2¢1.2 
B 36. 5#2.3 88.843.9 pa 57 25¢1.9 42.541.5 
il. Staunderd Error (S.E. 
Maximal blood pressure was 192}¢2.5 and 1884+3.4 (SE) 
mm, Hg. for groups A & B respectively. Despite such 
large uoses of corticosterone, plasma levelsdid 
not exceed at any time those readily produced a 
stress. Supported by Grants from USPHS (H-3193 
and Edward G. Schlieder Fdn. 
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Biochemistry 


A MSTABOLITE OF }ROGESTERONE RELATED TO ALDOSTERONE FORMED 
BY RAT ADRENALS. O. V. Dominguezy D. W. Urry* and L, ?, 
Samuels. University of Yyen, Salt Lake City, tah. 

1 aihen progesterone-4-C"", progesterone-21-C"* or DOC.2). 
Cc" were incubated with fresh rat adrenal homogenates and 
the extracts were chromatographed, the major peaks were 
those of corticosterone, dehydrocorticosterone and two un. 
known compounds giving one peak slightly more polar than I 
and another slightly more polar than corticosterone, When 
2ither of the latter two peaks was eluted with ethanol ang 
rechromatographed both always appeared in a batio of about 
70% more polar(M) to 30% less polar(L). ‘The conversion of 
M to L was favored by base. Material in each peak formed 
a monoacetate which did not undergo interconversion. The 
polarity of M was that of monohydroxy compound having four 
oxygens. M acetylated more readily than L. 

The two peaks apparently represented two readily inten 
convertible compounds in equilibrium in ethanol solution, 
They probably had 21 carbons ang a 2l—hydroxyl group since 
they were formed from DOC-21-C™" without loss of label. 
Since the acetates were stable the acetylable hydroxyl 
croups are involved in the interconversion. M was not 2, 
6- or 19=hydroxyDOC. The compound best fitting the chemi- 
cal evidence would be the 18-aldehyde of DOC in equilibri- 
um with the hemiacetal involving the 2l-hydroxyl group. 


Biochemistry 

The in vivo conversion of Dehydroisoandrosterone Sulfate to 
Androsterone and Etiocholanolone Glucuronidates. Kenneth D. 
Roberte*, Raymond Le VandeWiele* and Seymour Lieberman, Col- 
lege of Physicians and Surgeons, Columbia University, NY,NY. 

After administration of tritiated dehydroisoandrosterone(D), 
a time study of the decline of the specific activity of plasm 
dehydroisoandrosterone sulfate (DHS) indicated that the amount 
of DHS produced daily in vivo approximated that of D itself. 
This surprising finding wo be reasonable if D and DHS 
in equilibrium in the body. To test this, 1 mg of DHS-7o-! 
was injected into each of two normal men. From four day 
urine collections 30% of the injected counts were recovered 
after enzyme and mild acid hydrolysis. This recovery is only 
slightly less than that obtained after administering tri- 
tiated De Me half of the liberated radioactivity was found 
in the enzyme hydrolyzed fraction, with tritiated androsterone 
(A) and etiocholanolone (E) constituting the major portion of 
this fraction. Since formation of A and E seems impossible 
without prior cleavage of DHS, the reversibility of the re- 
action: D=== DHS has been demonstrated. After incubation of 
DHS with human plasma for periods up to 2 hours, no cleavage 
of ‘- sulfate could be detected. (Supported by a grant from 
PHS 


Biochemistry 


ACTIVATORS AND INHIBITORS OF STEROID HYDROXYLATION BY ADRENO- 
CORTICAL MICROSOMES. D.Y. Cooper, 0. Foroff*, and 0. Rosen- 
thal. Harrison Dept. Surg. Res., Schools of Medicine, Univ, 
of Pa., Philadelphia, Pa, 

As previously reported, 10yM catecholamines and 10yM ascor- 
bate respectively accelerate and inhibit 21-hydroxylation of 
steroids in adrenocortical homogenates, We have now studied 
the action of enzyme inhibitors on 21-hydroxylation of 17a0i- 
progesterone by adrenocortical microsomes. Microsomes, iso- 
lated in 0,25M sucrose soln, and washed in 0.15M KCl, were 
added to a 0,15M NaCl-2% bovine albumin medium containing 20mM 
glycylglycine buffer pH 7.4; 0.6mM TPN; 3.3mM glucose=6-phos- 
phate; O.lu. glucose-6=phosphate dehydrogenase; 0,2mM 17a0H- 
progesterone. 17,21-CH-steroids were determined with the Sil- 
ber-Porter reaction. Steroid formation (2 hrs. 37°C.; air) 
averaged 300 mg microsomal N, Stimulation of hydroxylation 
was obtained with 0,1 to 10mM diethyldithiocarbamate (50-90%) 
and 0,1 to 1mM cyanide (0-60%), Inhibitory were 1m azide 
(30%), ImM Versene (25%); 0.lmMew dipyridyl (30%) and 0.01 
O-phenanthroline (60%). Higher concentrations of the latter 
two inhibited completely. It appears that two types of mtal 
ions are operative in the microsomal systems 1)activators of 
oxidation of reduced TPN which prevent function of the nucleo- 
tide in hydroxylation and 2)activators of the steroid hydroxy- 
lation, The nature and site of action of these cations are 
being studied. 
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Pharmacology 


§TfROID HYDROXYLATION IN MERGED RAT ADRFNAL-~TESTIS HOMOGEN- 
4AfeS. Frederick G. Hofmann. Columbia University, New York, 
"Ye ‘ 

The adrenal gland of the laboratory rat apparently contains 
no steroid C-17 hydroxylase for it secretes no cortisol; such 
an enzymic system is found, however, in the testis of this 
animal. Homogenates of these two tissues were prepared in 
0.25 M sucrose and centrifuged at 700 x g. Portions of each 
of the supernatant fractions were merged and incubated. The 
remainder of each 700 x g supernatant fraction was incubated 
separately. The substrate employed was progesterone-),-cli, 
the quantities of 17,21-dihydroxyprogesterone produced by the 
merged tissues was considerably greater than that produced by 
testicular tissue alone. In addition, the merged tissues 
converted small amounts of progesterone to cortisol. Thus it 
is seen that the laboratory rat elaborates a testicular 
steroid C-17 hydroxylase that is capable of acting in concert 
with adrenal hydroxylases in the biogenesis of adrenocortical 
hormones. This finding possibly lends new significance to 
the common area of origin embryologically of these two tissues. 
It remains to be determined why the steroid C-17 hydroxylase 
elaborated by the rat does not occur in its adrenal tissue. 
(Supported in part by a grant (C-2121) from the National 
Cancer Institute, Public Health Service.) 





Pharmacology 


SOME OBSERVATIONS ON STEROIDS PRODUCED BY RAT ADRENALS IN VITRO 
i, Sheppard, T. F. Mowles* and R. A. Swenson”, Research Dept., 
(IBA Pharmaceutical Products Inc., Summit, N. J. 

Rat adrenal quarters produce substances which react posi- 
tively with the Porter-Silber (PS) reagent. The rate of reac- 
tion was much more rapid at room temperature with extracts of 
the incubation medium than with cortisol standards. Paper 
chromatography revealed that the material which reacted rapidly 
vith the PS-reagent was associated with a U.V. absorbing area 
vhich moved more slowly than ll-desoxycortisol. This area 
would reduce alkaline ferricyanide but weakly reduced blue- 
tetrazolium (BT) on paper. In an Hj0-saturated tank at room 
temperature the rate and intensity of BT reduction was enhanced, 
the absorption spectra obtained with conc. H2S0, at room tem- 
perature showed only a single maximum at 289 m. Certain con- 
siderations make it unlikely that the presence of a 21-aldehyde 
or 416.group would account for its rapid reaction with the PS 
reagent. Limited bioassays did not indicate any marked gluco- 
or mineralo-corticoid activity. Two of three other U.V. ab- . 
sorbing areas appear to be aldosterone and corticosterone while 
the third most polar material remains unidentified. All four 
areas become radioactive after incubation with progesterone-16- 
i, Re-incubation of each of these steroids results in some 
incorporation into each of the other three steroids, 





° Pharmacology 


IN VITRO STIMULATION OF GLUCONEOGENESIS BY GLUCO- 
CORTICOIDS, Robert C, Haynes, Jr. Western Reserve 
Univ, School of Med., Cleveland, Ohio. 

Liver slices prepared from fasted, adrenalec- 
tomized, male rats were incubated in a Ringer's~- 
bicarbonate'medium. Total carbohydrate synthesis 
vas measured by analyzing the acid hydrolysate of 
the combined slice and medium, When l-alanine was 
present in the incubation medium, it was found that 
the addition of triamcinolone consistently results 
in an increased carbohydrate synthesis by 25-100%. 
(kuno has reported a similar effect using liver 
slices from non-operated rats (Med. J. Osaka. » lo, 
483, 1960). Trtamcinolone is maximally active at 
concentrations os 5.5 X 107’ M or greater, and 
shows half-maximal activity at 8 X_10~8 M, . DOC 
shows half-maximal activity at 1075 M and thus is 
approximately 1% as active as triamcinolone. Pro~ 
gesterone at 107-4 M inhibits carbohydrate synthesis. 
Cortisol shows variation from rat to rat, ranging 
from an activity which equals that of triamcinolone 
to a level only ona~tectiants as active. Tracer ex- 
periments suggest the corticoids act in this system 
to stimulate the conversion of alanine to pyruvate 
tather than pyruvate to hexose. 
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Pharmacology 
FAIWRE OF CORTISOL TO INCREASE HEPATIC ALANINE TRANSAMINASE 


ACTIVITY IN PREGNANT RATS. F and 
Charles As Nichol, Roswell Peck Mamrial Test{tate: Bette, NY 

Curry and Beaton (Endocrinology 63:155, 1958) reported that 
alanine transaminase activity in liver of pregnant rats was 
unresponsive to cortisol treatment. In the present study, 
treatment of pregnant rats with cortisol initiated after the 
llth day of gestation did not enhance the activity of hepatic 
alanine-d-ketoglutarate transaminase, although administration 
of cortisol prior to the 10th day of pregnancy did stimlate 
the activity of this enzyme (150%). The endogenous activity 
of alanine transaminase, but not a te transaminase, 
decreased progressively from the 15th through the 2lst day of 
gestation. Four to 8 days after parturition alanine trans- 
aminase activity returned to that of adult non-pregnant 
females, but cortisol treatment during this first week did not 
significantly enhance the activity of this enzyme. Administra- 
tion of estradiol, progesterone, chorionic gonadotrophin or 
pregnant mare serum could only partially simlate the effects 
of pregnancy on hepatic alanine transaminase. However, admin- 
istration of lyophilized human placenta to adult male rats 
depressed alanine transaminase activity and prevented the 
increase in activity of this enzyme which ordinarily follows 
cortisol treatment. 


Pathology 


EFFECTS OF ADRENAL ANDROGENS ON THE WEIGHT AND HISTOLOGY OF 
THE ADRENAL GLANDS IN IMMATURE FEMALE MICE, Harold H. Varon*, 
Naval Medical Research Institute, Bethesda, Md., John J. Chris- 
tian, Penrose Research Laboratory and Univ. of Pa., Philadel- 
phia, Pa. 

Immature female mice were given daily subcutaneous injec- 
tions of 0.1, 0.05, or 0.02 mg. of six adrenal androgens. 
They were sacrificed after 3 and 8 weeks of treatment. At the 
highest dose, the weight of the adrenal glands was less than 
that of the controls. Histologic examination revealed pre- 
mature involution of the x-zone, and small cells with lipid 
poor cytoplasm in the zona fasciculata and zona glomerulosa. 
Gonadotrophins in pituitary glands from these animals were 
diminished. At the lowest dose, the weight of the adrenal 
glands frequently was less than that of the controls. The 
X-zone was present, but adrenal cortical cells were small and 
lipid poor. In these animals, no change in the quantity of 
pituitary gland gonadotrophins was detected. It is suggested 
that the adrenal androgens may affect the weight and histolog, 
of the adrenal glands by acting directly on the gland and by 
their influence on the secretion of pituitary gonadotrophins. 


Pathology 


INFLUENCE OF SEX AND AGE ON ADRENAL CORTICAL RESPONSE TO 
STRESS. F.R. Skelton and P.M. Hyde* L.S.U. School of 
Medicine and Urban Maes Res. Fdn., New Orleans, La. 

Adrenale of male and female immature rats weigh the 
same, but in adults, these glands are 50% larger in females 
than males. Gonadectomy at weaning leads to smaller adrenals 
in adult female and larger adrenals in adult male. Function- 
al response was studied in stressed immature and mature male 
and female rats with and without gonads and in immature 
and mature male and female hypox rats given ACTH (2 i.u./rat 
8.c.) by measuring the level of peripheral plasma corti- 
costerone by a fluorometric procedure. Immature rats of 
both sexes and mature males responded equally to stress, 
but the response of mature females was several times greater: 
Gonadectomy increased the cortical response of mature male 
rats and decreased the response in mature females signi- 
ficantly. ACTH produced identical responses in immature 
and mature male and female rats despite differences in body 
size and adrenal weights. Results suggest that sex and age 
modify adrenal functional response through eal re- 
activity and adrenal tissue mass. Supported by Grants from 
USPHS (H-3193) and Sdward G. Schlieder Foundation. 
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Pathology 


IDENTIFICATION OF STEROID INDUCED ULCERS IN RATS, USING THE 
PRUSSIAN BLUE REACTION. André Robert™ and James E. Nezamis*. 
Dept. Endocrinology, The Upjohn Company, Kalamazoo, Mich, 

A method has recently been described to produce steroid in- 
duced ulcers in the rat, by which fasting rats are treated 
daily for 4 days with a corticoid given subcutaneously (Robert, 
A, and Nezamis, J.E., Proc.Soc.Exp.Biol.Med. 99, 443, 1958). 
An “ulcer index" is arrived at by tabulating incidence, number 
per stomach and severity of ulcers. The present modifications 
make the assay still more objective and consist of: a) using 
heavier rats (210-225 g instead of 150 g); b) giving orally 
30 mg of FeCl3.6HoO in 2 cc of water, one hour before killing 
on 4th day of fasting and steroid treatment. At autopsy sto- 
machs, opened along lesser curvature, are spread over the 
round end of a test-tube of adequate size, washed under run- 
ning water and immersed for 10 min, into a solution of K-fer- 
rocyanide 2% + HCl 1% (by weight). Stomachs are then washed 
again and examined with a 2 x binocular magnifier for ulcera- 
tions. Steroid ulcers are stained dark blue (Prussian blue) 
whereas mucosal background retains normal pink color. Cause 
of the staining seems to be an affinity of necrotic tissue 
for iron. Histologically, the necrotic tissue, on the floor 
of ulcers, is intensely impregnated with Prussian blue, The 
infiltration stops sharply upon reaching living tissue. 


Pharmacology 


STUDIES ON THE ACTION OF ADENOSINE-3' ,5*-MONOPHOS - 
PHATE IN BEEF ADRENAL CORTEX. Gene A, Riley’ and 
Robert C, Haynes, Jr. Western Reserve Univ. School 
of Med., Cleveland, Ohio. 

Soluble extracts of beef adrenal glands res- 
ponded to the addition of ATP and Mg*t* with an in- 
creased level of active phosphorylase. This in- 
crease was enhanced by the addition of adenosine- 
3',5'-monophosphate (cyclic 3,5-AMP). Efforts to 
show that cyclic 3,5-AMP was acting to stimulate 
phosphorylase kinase activity in these extracts 
failed when inhibition of phosphorylase phosphatase 
by 0.01 M NaF mimicked the action of cyclic 3,5-AMP 
and when removal of the phosphatase enzyme by pro- 
tein fractionation procedures eliminated the cyclic 
3,5-AMP effect. An effect of cyclic 3,5-AMP could 
be shown in the phosphorylase phosphatase fraction 
when incubated with active phosphorylase, ATP and 
Mgt*,. The effect observed was an inhibition of 
phosphorylase inactivation and was observed only in 
the presence of ATP and Mg**. The combination of 
ATP and Mg** was found to stimulate the inactiva- 
tion of phosphorylase and this stimulation by ATP 
= Mg"” was quantitatively blocked by cyclic 3,5- 
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Physiology 


THE EFFECT OF IPRONIAZID ON THE METABOLISM OF 
DL-NORADRENALINE-2-C!* IN THE HUMAN. Lawrence Rosen* 
and McC. Goodall, Memorial Research Center and Hospital, 
University of Tennessee, Knoxville, Tennessee. 

Five males (18 to 35 yrs.) were treated with iproniazid (Marsilid 
phosphate, Hoffman-LaRoche), 50 mg., q.i.d., 1 and 2 weeks, and 
then infused over a one-hour period with 9.5 ic dl-noradrenaline- 
2-cl4, Urine samples were collected for 24 hours and the radio- 
active catabolites were separated as previously described (Goodall 
et al, J. Clin. Invest. , 38:707, 1959). In the Marsilid treated 
subjects, the 24-hour distribution of radioactivity expressed as an 
average percentage of the total amount excreted was 4% noradren- 
aline, 5% normetadrenaline, 46% normetadrenaline sulfate, and 
11% 3-methoxy-4-hydroxymandelic acid; the remaining known and 
unknown catabolites represent 28%. These compare with 24-hour 
control values of 3%, 3%, 17%, 39%, and 35%, respectively. The 
results herein described demonstrate that iproniazid alters the 
metabolism of noradrenaline by inhibiting the action of monoamine 
oxidase. (Supported by U.S. P.H.S. Grant H-4311). 
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Biochemistry 
ESTIMATION OF METANEPHRINE AND NORMETANEPHRINE IN URINE. 
Elizabeth R. B. Smith & H. Weil-Malherbe. Natl. Instit. 
» ov. Eli Osp ‘ hington, D. C. 

A fluorimetric method for the differential estimation of 
metanephrine and normetanephrine in urine, based on their 
oxidation to fluorescent indoles at different levels of pH, 
has been developed. 3-Methoxytyramine is not transformed 
into a fluorescent derivative under our conditions. Urine 
(10 ml) is hydrolysed with acid at 100°, passed over alumina 
to remove catechols and desalted by electrodialysis at pH 
10.5. The meta-bases are adsorbed on CG-50 resin at pH 6.0 
and eluted with 1M-formic acid. Amounts of 0.25-0.5ug of 
each base may be measured; recoveries are 80-90% for both. 
Preliminary results indicate hourly excretion rates of l-hyg 
for metanephrine and 3-l2yg for normetanephrine. 


Pharmacology 


HYPERGLYCEMIC ACTIVITY OF 2,2'-BIPYRIDINE. Emily Morey* and 
Alexender D. Kenny. Dept. of Pharmacol., West Virginia Uni- 
versity Med. Cent., Morgantown, W. Va. 

The chelating agent, 2,2'=-bipyridine (BP), has been show 
to cause transient hyperglycemia in the rat at 2 hours follow 
ing subcutaneous injection of doses ranging from 10 to 80 
mg/kg. A submaximal dose of 40 mg/kg raised the blood glucose 
to a mean level of 128 mg/100 ml from control levels of 81 
mg/100 ml in fasted rats (40-50 day old Holtzman males). That 
the mechanism for the hyperglycemic action wes not due to 
chelation of zinc, as has been suggested in the case of other 
chelators, alloxan, dithizone, and 8-hydroxyquinoline (Kadota, 
J.Lab. Clin. Med. ,35,568,1950), was indicated by the fact that 
mixing BP with an equimolar quantity of zinc sulphate prior to 
the injection did not alter the hyperglycemic response. The 
edrenal glani was implicated as BP had no hyperglycemic activ- 
ity in adrenelectomized rets. The BP effect was partially 
blocked by prior administration of dihydroergotamine (5 mg/kg 
s.c.) in intact rats. It is concluded thet the hyperglycemic 
activity of. BP is due mainly to the stimulation, either dir- 
ectly or centrally, of the release of the adrenel medullary 
hormones, epinephrine end/or norepinephrine. (Supported by 
gerents from NIH, D203 end D1152). 





Pharmacology 


INHIBITION OF ADRENAL MEDULLARY EPINEPHRINE OUTPUT DURING I¥- 
FUSION OF EPINEPHRINE OR NOREPINEPHRINE. Robert L. Robinson* 
and Daniel T. Watts. West Virginia Univ. Med. Cent., Morgan-, 
town, W. Va. 

Quantitative studies of the inhibition of adrenal medullary 
epinephrine secretion during infusion of epinephrine or nor- 
epinephrine are almost entirely lacking. In the present study 
the epinephrine content of lumboaérenal venous and peripheral 
arterial blood was assayed on the automatically stimulated rat 
uterus. Epinephrine or norepinephrine was infused intraven- 
ously at rates between 9.2 and 5 pe /ke/min. , but most seneral- 
ly at 1 pe/ke/min. In some enimals the lower rates of infu- 
sion cansed no change in blood pressure. In such ceses only 
slight inhibition of epinephrine secretion could be detected, 
A pronounced inhibition of the secretion occurred only when 
the infusion of the catecholamine caused a blood pressure 
rise. Typically the epinephrine output wes reduced from about 
0.030 to 0.005 pe/kg/min. when an infusion rete of 1 pe/ g/min 
was used. When the rise in blood pressure during the infusion 
was prevented, by the use of # pressure compensator, the se- 
cretion of epinephrine was not inhibited. (Supported by grant 
from USPHS H-1684). 
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Pharmacology 


TON OF DOPAMINEBOXIDASE BY TM1O AND RELATED 
phat Paul Hagen and E, Zebrowski. * Dept. of 
Biochemistry, Univ. of Manitoba, Winnipeg, Canada. 

It has been suggested that the hypotensive effect of 
mao (xylyl ether of choline) and similar compounds may be 
due to their ability to inhibit the synthesis of noradrena- 
line in sympathetic nervous tissue (Bain and Fielden, Lancet 
2, 472, 1957). Homogenates of ox adrenal medulla have been 
incubated with C**-dopamine in the presence of T™10 and 
related compounds. The noradrenaline was subsequently 
isolated by ion exchange chromatography and the specific 
activity of the isolated noradrenaline determined. ‘ 
Concentrations of 10 and 20 mg of TMLO per ml of incubation 
mixture increased by over 100 per cent the specific activity 
of the isolated noradrenaline indicating an activation of 


dopamine oxidase. 


182 ENDOCRINES—Anterior Pituitary 
Physiology 


ELECTROPHORESIS OF PITUITARY HORMONES IN STARCH 
GEL. Richard J. Barrett¥ Henry Friesen*, and E. B. 
Astwood. New England Center Hosp. and Tufts Univ. Sch. 
of Med., Boston, Mass. 

Using the modification of Ferguson and Wallace (Acta 
Endocrinol., Suppl. 51, 293, 1960) of Poulik's method 
(Nature 180: 1477, 1957), purified preparations exhibited 
characteristic patterns. One simian and 3 human growth 
hormone preparations made by different methods were 
identical and shared no bands in common with the anti- 
genically dissimilar bovine and porcine preparations, but 
the several bands of the primate hormone resembled the 
major bands of N.I.H. ovine prolactin. Each of 3 synthetic 
peptides provided by Dr. Klaus Hofmann showed a single 
sharp band. With crude extract a small zone showing 
several closely spaced lines and moving rapidly to the 
anods, upon elution was highly active in causing release of 
free fatty acids from rabbit fat in vitro. Upon purification 
of crude extract with anion-exchange resin and using the 
characteristic electrophoretic pattern as a guide, this 
material was as active in fat mobilization as corticotropin 
inthe rabbit, both in vitro and in vivo. 


” Physiology 


HORMONE PRODUCTION BY MAMMOTROPIC TUMORS IN RATS. 

Richard E. Grindeland*, Edward Harrison*, and Frances E. 

Lae Saskatchewan Univ. Med. Sch., Saskatoon, Canada, 
Nati. Insts. of Health, Bethesda, Md. 

Memmotropjc tumors in rats (MtT, Furth) have been studied 
with respect to the production of ACTH and growth hormone. 
Adult rats bearing tumors of 10-20 grams are hypophysec- 
tomized. ‘Twenty-four hours later adrenal vein blood is 
collected and corticosterone determined in the plasma. 

In 10 tumor bearing rats the corticosterone level was 

620 ug./mi. ( 320-1000 ug.) and in 9 controls the 

level was 49 oy « (range 20-140 ug.). ‘The tumor bearing 
hypophysectomized rats which have been followed over a 
Period of time continue to have a high food and water 

intake and show a significant gain in body weight in 
contrast to the hypophysectomized controls. 
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Physiology 

ACTH IN PITUITARY GRAFTS. Sho Yoshida and George Sayers. 
Dept. of Physiology, Western Reserve Univ., Cleveland, Ohio. 

Male rats were grouped as follows: intact; hypophysectom- 
ized; hypophysectomized bearing graft under kidney capsule for 
4 weeks (GK); hypophysectomized and adrenalectomized, bearing 
graft under kidney capsule and injected with DOCA 0.1 mg/day 
subcutaneously for 4 weeks (GK+AD.); hypophysectomized, bear- 
ing autograft under kidney capsule and injected cortisone ace- 
tate 0.5 mg/day subcutaneously for 4 weeks (GK+Cort.); hypoph- 
ysectomized bearing autograft under hypothalamus for 4 weeks 
(GH). Pituitary and graft extracts were assayed for ACTH, 


No. Ad.wt.(mg) Pit.or graft ACTH in pit. or graft 
rats wt. (mg) total mU ates 








Intact 6  33.88°1.34  6,25%0,33 92.178.9 15,0%1.9 
Hypox 6 10,42%0.41 

GK 6 11.,08to.44 1,800.16 14,971.8 8,520.7 
GK + Ad.6 a---2-- 1.8740,21 21.352.0 11, 5%1.2 
GK+Cort.6  10,38-0.43 1,47£0.18 6.2-0.8 4,340.3 
GH 4  32.6172.61  2.050.50 21.5¢4.4 11.ato.s 


Substantial ACTH stores exist in rat pituitary autografts. 
Cortical steroids suppress ACTH production of pituitary tissue 
having no direct hypothalamic connection. In another exper., 
Pitressin tannate one unit/day for 10 days s.c. increased 
adrenal weight and ACTH content of grafts in GK rats. Pitres- 
sin, single i.v. inj. elevated blood ACTH in GK + Ad rats. 


Physiology 


INACTIVATION OF PROLACTIN BY BLOOD SERUM AND PLASMIN, Thomas 
F, Hopkins* and Joseph Meites. Dept. of Physiology and Pharm- 
acology, Michigan State University, East Lansing, Michigan, 
Inactivation of several protein hormones including prolac- 
tin by various body tissues has been reported, In the present 
study we investigated the effects on prolactin activity of in- 
cubation in blood serum and with certain blood components, 
0.5 mg. prolactin was incubated 2 hours in human and guinea 
pig serum diluted to concentrations of 10 and 45% with Krebs- 
Ringer phosphate buffer, and in buffer containing plasmin, 
plasminogen or euglobulins, After incubation, prolactin ac- 
tivity was determined by pigeon crop gland responses to intra- 
dermal injections, The sera induced losses of prolactin ac- 
tivity of 33-70%; fibrinolysin induced losses of 85-100%; and 
euglobulins reconstituted to 45% of original serum concentra- 
tion, produced a loss of 59%. Without addition of an activator, 
plasminogen was ineffective, although it produced lysis of 
fibrin in the fibrin plate test, These results demonstrate 
that prolactin can be inactivated by blood serum, euglobulins 
and fibrinolysin; however, the relationship of the serum- 
inactivating system to the fibrinolysin system remains to be 
established (Supported in part by NIH Grant C-3448), 


Physiology 


ROLE OF THE PITUITARY GLAND IN THE LIPOLYTIC ACTION OF EPI- 
NEPHRINE. H.i. Goodman and E. Knobil, Harvard Medical School, 
Boston, Massachusetts. 

It has been reported that hypophysectomy abolishes the 
increase in plasma FFA following epinephrine administration. 
This phenomenon has been investigated further by measuring the 
release of FFA from isolated adipose tissue in response to the 
addition of epinephrine in vitro. The response of normal adi- 
pose tissue to epinephrine (0.05 pg./ml. incubation medium) is 
completely abolished by hypophysectomy of the donor rats. 
Treatment of hypophysectomized rats with crude, whole rat pi- 
tuitary extract restored the lipolytic action of epinephrine 
to normal. Posterior pituitary extract and corticotropin re- 
placement was without effect. Thyrotropin injections produced 
a partial, and growth hormone treatment a full restoration of 
the lipolytic action of epinephrine. Treatment of hypophysec- 
tomized rats with cortisol or corticosterone reestablished the 
sensitivity of their adipose tissue to epinephrine, but only 
when relatively large doses of these hormones were given. 
Physiological doses of triiodothyronine (1 yg./ret/day), how- 
ever, restored the normal response to epinephrine. It is con- 
cluded that several endocrine factors can influence the lipo- 
lytic action of epinephrine and that the resistance of hypo- 
physectomized animals to this action cannot be attributed to 


drenalcortical insufficie: alone. (Supported by a grant 
3-37 from the Wee P.HeS.) 
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Biochemistry 


ENZYMIC CHANGES IN PITUITARY DURING THE INDUCTION 
OF TUMORS BY DIETHYLSTILBESTROL. Jacklyn B. 
Melchior and Birute M, Baltrus*, Chicago College 

of Osteophathy and Stritch School of Med., Chicago. 
Prolonged treatment with high levels of estrogenic 
hormones leads to the production of chromophobe 
adenomas of the pituitary. In relatively short- 
term exposures, it was shown (Caricer Res. 16, 520, 
1956) that certain changes in enzymology occur 
very soon after initiation of treatment. In the 
present work the activities of aconitase, succin- 
oxidase, and glutamic-oxalacetic transaminase were 
followed in pituitaries of rats treated with diethyl 
stilbestrol for periods of 10 to 420 days. It was 
verified that characteristic changes in pituitary 
enzymology occur within a few days after initiating 
treatment, long before any gross change was apparent 
in the tissue. No further change in enzymology ws 
observed when the treatment was sufficiently 
prolonged to cause massive alterations in gross 
size and appearance of the gland. 


Pathology 
ESTROGEN SENSITIVITY OF NORMAL, AND OF DEPENDENT AND AUTONOMOUS 
MAMMOTROPIC PITUITARY TUMOR CELLS. H. Clifton and Jacob 
Furth. Dept. Radiol., Univ. Wisc., On, e Pa 9 


Roswell Park Mem. Inst., Buffalo, N.Y. 

Experiments were undertaken to determine whether the 
observed h responsiveness of grafted autonomous mammotropic 
tumors (MtT) to estrogen was related to lack of immediate 
circulatory connection with the hypothalamus, and whether a 
change in responsiveness of mammotropes (Mt) to estrogen occurs 
in the course of their tumorous transformation following 
estrogenic stimlation. Dependent MtT, autonomous MtT or 
normal pituitary were grafted beneath the kidney capsules in a 
total of 125 female or gonadectomized male Fischer rats, and 
pellets containing 0, 0.1, 1 or 10 mg diethylstilbestrol, were 
implanted subcutaneously. Weights of grafts and of host 
pituitary glands were recorded at autopsy 50 to 170 days later. 
The results indicate 1) that increased sensitivity to estrogen 
is gained by some Mt during the dependent phase, and 2) that 
the estrogen dose-growth response characteristics of normal 
Mt are not greatly influenced by lack of immediate circulatory 
connection with the hypothalams. (Supported by grants from 
the National Cancer Inst. and an American Cancer Soc. 
institutional grant) 


Pathology 


Role of Mammotropes in Induction of Breast Carcinoma in 
Male Rats. U.Kim* and J. Furth, Roswell Park Mem. Inst., 
Buffalo, N.Y. 

Failure to induce breast carcinoma (MT) in male rats with 
3-methylcholanthrene (MCA) was reported (JNCI, 23:567, 1959 
and PSEBM, 103:640,1960). The following experiments indicate 
that MT can be induced easily in males by MCA when coupled 
with mammotropic hormonal (MtH) stimulation. 67 Wistar/Fu 
male rats were divided in 7 groups (A-G). All were fed MCA 
3 times/wk. (200 mg/rat). A)7 of 10 intact, B)2 of 3 castrated 
rats bearing mammotropic tumor (supplying the MtH) devel- 
oped MT. C) Diethylstilbestrol (DES, 0.5 mg pellet) caused 
MT in 2 of 9 intact, and D)3 of 9 castrated rats. No MT oc- 
curred in E)16 intact and F)10 castrates without hormonal 
treatment. G) One fibroadenoma occurred inl0 pregnant-mare 
serum treated (5 u. /wk) intact males. Pituitaries of DES- 
treated rats averaged 13 mg, of normals 7mg. This difference 
is known to be due to increase of mammotropes (Mt). These 
data amplify earlier work indicating the dominant role of 
pituitary Mt in MT induction. 

(Supported by SA-43-ph-3089 and C-4926 of NCI) 
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Nutrition 


EFFECTS OF HORMONE INJECTIONS UPON MILK PRODUCTION IN UNDERFE) 
RATS, Albert Ratner* and Joseph Meites, Dept. of Physiology 
and Pharmacology, Michigan State University, East Lansing, 
Michigan, 

It is well established that underfeeding reduces weight anj 
secretory activity of most endocrine glands, We wished to 
determine to what extent the decrease in milk yield which fo}. 
lows underfeeding is due to reduced endocrine function, and 
whether this could be overcome by administration of hormones, 
On the 4th postpartum day, rat litters were reduced to 8 pups 
per mother and food intake was reduced by 1/2. Groups of 10 
rats each were injected daily with hormones, and mothers and 
litters were weighed daily until the 18th day, On day 18 the 
mothers were killed and the endocrine organs were weighed, The 
underfed rats showed no significant changes in organ weight o 
a body weight basis, except that adrenal size was increased 
and thymus weight was reduced, The litters of the half-fed 
control gtoup gained an average of 90 grams each, as compared 
to an average gain of 187 grams by the litters of the full-feq 
mothers, Injections of AP, STH, prolactin, oxytocin, thy 
cortisol acetate, and insulin failed to increase litter weight 
gains, These results suggest that underfeeding of suckled, 
lactating rats does not result in reduced endocrine function, 
and that the decrease in milk production cannot be overcome by 
hormone injections (Supported by NIH grant C-3448), 
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Physiology 
THE INFLUENCE OF HEPARIN, NICOTINIC ACID AND ACTH ON 
EXPERIMENTAL NEPHROSIS. i ° d F. 
nSie, Warren F. " 7») and 
Archie H, Baggenstoss.* Mayo Clinic and Mayo Foundation, 


Rochester, Minnesota. 

Experimental nephrosis, produced in dogs and rats by 
administration of serum obtained from rabbits sensitized to 
dog or rat kidney, is characterized by severe proteinuria, 
hypoproteinewia, hyperlipemia and hypercholesterolemia. 
Upon administration of nephrotoxic serum the 4-glycoproteins 
gradually leave the blood and appear in the urine. By the 
fourth day most of the 4-glycoproteins in rats have 
disappeared from the blood. Nicotinic acid, heparin or ACTH 
did not influence the loss of S-glycoproteins from the blood, 
The renal lesions correspond to the nephrotic phase of 
chronic glomerulonephritis in man. There are endothelial 
proliferation in the glomerular tuft of por al ene 
thickening of the basement membrane and adhesions between 
tufts and capsule. Neither heparin nor nicotinic acid had 
any significant effect on the clinical course or pathologic 
picture of the nephrosis. ACTH, however, reduced the 
proteinuria, abated the hypoproteinemia and ameliorated 
the clinical picture. ators > Gee rover microscopic 
studies revealed accelerated thickening of basement membranes 
and increased prominence of ribosomes in endothelial celis of 
animals receiving ACTH. (Supported by Grant A-2045 from 
N.I.H e) 


Physiology 


EVIDENCE FOR A CENTRAL NERVOUS SYSTEM SITE OF CORTICOSTERONE 
INHIBITION OF ANRENOCORTICOTROPHIN (ACTH) RELEASE. Susan Ee 
Leeman*, David W. Glenister*and F, Eugene Yates.Prendeis Univ 
Waltham, Mass. and Harvard Med. School, Boston, iiass. 

By comparing the effects of corticosterone (EB), morphine 
ani hypophysectomy on the adrenal response’ to selected stimuli 
it has been possible to show that the site of physiological 
inhibition of ACTH release by B is:in the CNS rather than in 
the anterior pituitary. Four stimuli wereused to produce 
increments in plasma B concentration in 100 gm male rats 
anesthetized with pentobarbital: ACTH(0.25 mU); Pitressin 
(80 mU); histamine (100 ug); calf hypothalamic extract. 
RESULTS: Corticosterone (15 ug) abolished the adrenal response 
to histamine, but did not affect that to Pitressin, extract oF 
ACTH. Morphine (2mg) abolished the response to histamine or 
Pitressin, but did not affect that to extract or ACTH. 
Hypophysectomy abolished the response histamine, Pitressin 
or extract, but did not affect that to ACTH. The following 
scheme describes the relationships among the stimuli (+) and 
inhibitors (—) studied: 
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Biochemistry 


HE EFFECT OF ACTH AND CORTISONE UPON ADRENAL ADENINE NUCLEO- 
{IDE METABOLIZING ENZYMES. R. Hilf$ C. Breuer and A. Bormant 
bb Institute for Medical Research, New Brunswick, N. Je 
Studies have been conducted to determine the effect of 

ACTH upon certain adrenal nucleotide metabolizing enzymes. 
treatment of mice with ACTH caused an increase in 5'=nucleo- 
tidase activity and the increase appeared to be related to 
doses Another phosphatase, ATPase, was not affected by ACTH. 
However, cortisone administration depressed adrenal ATPase 
activity. Cortisone had no effect upon adrenal 5'=nucleo- 
tidasee Properties of adrenal 5'-nucleotidase, such as 
intracellular distribution, substrate specificity, influence 
of pH and Km, were investigated in normal as well as ACTH 
stimlated adrenals. An increase in activity in the micro- 
somal and soluble cytoplasm fractions occurred after ACTH. 
The other 5'=nucleotidase characteristics (pH, substrate 
specificity) were not altered by ACTH treatment. Adrenal 
glands contain an enzyme which degrades cyclic 3',5'-AMP. 

The effect of ACTH upon the intracellular distribution of 
this enzyme was also investigated. Following ACTH, an 
increase in the soluble cytoplasm activity occurred. This 
enzymatic reaction is discussed in relationship to 5'-nucleo- 
tidase, and a role for these enzymes in the action of ACTH 
is proposed. (Work supported by Contract Sa-l3-ph-2395 from 
the CCNSC of the NIH.) 
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Physiology 


Adrenocortical response to immobilization in rats 
with lesions in hippocampus and amygdala. Karl M 
Knigge.Department of Anatomy,University of 
Cincinnati,Cincinnati,Ohio,. 

Resting plasma free corticosterone(PFC) and PFC _ 
responses after 0.5 and 4 hrs, of continuous immobil~ 
-ization were determined in normal rats and in rats 
with lesions in hippocampus,amygdala and habenula. 
In normal rats,resting PFC levels of 11,3£2.1yg/100 
mi are followed after 0.5 hr. of immobilization by a 
300% rise in PFC to 35.144.,0ug/100ml;after 4 hrs,PFC 
values decrease to 22.444,8g/100m1.This response 
pattern is not significantly altered in animals with 
lesions in habenula.In rats with hippocampal lesions, 
resting PFC levels are elevated to 20.6+3.8g/100m1; 
PFC values at 0.5 and 4 hrs.of immobilization are 
similar to those of normal animals. In amygdala- 
lesioned rats,resting PFC vaiues are 10,823. 31g/100 
mlsthe response to the stress of immobilization is 
atypical in that PFC rises only slowly to 18,7%3.1 
ug/100m1 at 0.5 hr. and reaches a maximum of 37,0t 
3,8ug/100m1 at 4 hrs.The data indicate thet lesions 
of hippocampus increase basal PFC levels while 
lesions in amygdala depress the rate of adreno- 
cortical response to the stress of immobilization. 


Physiology 


HYPOTHALAMIC STIMULATION AND ASCORBIC ACID LEVELS IN 
ENDOCRINE GLANDS. J, Snyder* and S.A, D'Angelo. Jefferson 
Medical College, Philadelphia, Pa. 

Ascorbic acid concentrations of adenohypophysis, ovary and 
adrenal were determined in 4-5 day cycling rats after acute 
and subacute stimulation of the hypothalamus. Acute bi- 
lateral stimuation of anterior hypothalamus or median 
eminence with unipolar electrode( 1.5v.,1 msec., 100 cps., 
tonophasic; alternately off and on 15 sec., for 10 min, ) 
Produced no significant left-right difference in ovarian 
ascorbic acid concentration nor in pituitary 2 hours after 
wilateral oophorectomy. Stimulation of pre-optic and 
anterior hypothalamic areas ( 20 minutes daily, 4 days ) 
interrupted normal vaginal cycles but induced no change in 
ovarian weight and ascorbic acid level. Pituitary ascorbic 
acid was normal, Significant adrenal hypertrophy with in- 
creased ascorbic acid concentration occurred. In rats 
Previously rendered persistent estrus by electrocautery( 50 

),stimulation of the lesioned area changed the vaginal 
mear to diestrus, Adrenal hypertrophy was inhibited but 
ascorbic acid was increased. Ovarian and pituitary ascorbic 
acid levels were unchanged. It is concluded that excitation 
of the hypothalamus may influence hypothalamic-hypophysial 
Mechanisms without major change in pituitary ascorbic acid 
level, (supported by grant A-432, NIH,PHS.) 





185 


Physiology 

ISOLATION OF ANeol-MSH-LIKE PEPTIDE FROM HOG PITUITARIES. 

Andrew V. Schally*, William Nelkin*, S. Lipscomb*, John M, 

eer: - Roger Guillemin. Department of Physiology, Baylor 
iversity College o icine, Houston, Texas. 

Serial preparative and analytical scale chromatography on Carboxy- 
methyl Cellulose (CMC) of the supernatant from a double oxycellulose 
treated acid-acetone extract of hog pituitaries yieldedet-MSH (1) and 
a basic peptide (2). Peptide 2 had a greater retention volume on CMC 
thane-MSH. Its amino acid composition was very similar to that of 

&-MSH. Tryptic and chymotryptic digestion of peptide 2 yielded 
fragments similar to those frome¢-MSH, and an amino acid sequence so 
far elucidated is common withe-MSH. Peptide 2 shows MSH activity 
(1.5 x 107 u/mg), has minimal inherent ACTH activity (0.07 u/mg) 
and in contrast to e-MSH, causes a significant increase in plasma Cpd. 
B levels in morphine-nembutal blocked rats at the 1.0 yg. level. 
Chemical and biological characteristics of this peptide indicate that it 
may be one of the-CRF peptides in accord with the terminology pro- 
posed by Guillemin et al (C. R. Acad. Sc. 250, 4462, 1960) and 
Schally et al (Nature, in print). Structural differences between peptide 
2 ande-MSH and the possibility that peptide 2 is an artifact produced 
during the early stages of concentration from pituitary extracts, as well 
as its true CRF activity are being investigated. 


Physiology 
GONADOTROPHIN ASSAYS IN RATS WITH SEX GLAND-STI TING HYPO- 


THALAMIC LESIONS. E.M, Bogdanove**, A,F, Parlow , J,N, 
Bogdanove™, Indra Bhargava™ and E,V, Crabill*, Albany Medical 
College, Albany, N.Y. and ‘Vincent Memorial Hospital and 


Harvard Medical School, Boston, Mass, 

In 60-70 day old male Holtzman rats, electrolytic destruc- 
tion of a periventricular region 1-2 mm dorsal to the optic 
chiasm was followed, in 42 days, by 50% seminal vesicle and 
70% ventral prostate hypertrophy (p<.001). Lesser changes 
were seen 10 days postoperatively. Testis weight and struc- 
ture appeared unmodified. To detect whether this reflected 
altered FSH-LH secretion, blood and adenohypophyses were 
collected, 10 and 42 days postoperatively, and assayed (FSH - 
Steelman=Pohley parallel line method; LH - ovarian ascorbic 
acid depletion method). Neither pituitary FSH or LH stores 
were found to be altered, and plasma LH levels remained unde- 
tectable, Furthermore, lesion placement failed to modify the 
pituitary and blood LH increments, or pituitary FSH content, 
10 or 42 days after castration. These findings suggest that 
the accessory sex glands may reflect changes in the secretion 
of hormone(s) other than FSH and LH. (Supported in part by 
U.S.P.H.S. grant B-708). *present address: Department of 
Anatomy and Physiology, Indiana University, Bloomington, 
Indiana, 


Physiology 


SPINAL CORD AND ACTH RELEASE IN ADRFNALFCTOMIZFD RATS. F.S. 
Redgate. Western Reserve Univ. School of Med., Cleveland, 0. 
The role of spinal cord pathways in regulation of ACTH re- 
lease has been investigated in two week adrenalectomized rats. 
Rats with intact cords were compared with 3, 19, 48 hour and 
21 day cord-sectioned rats and were subjected to either fore- 
paw or hindpaw electrical stimulation or no experimental 
treatment. ACTH content of aortic blood samples of donor 
rats was assayed in hypophysectomized recipient rats by ad- 
renal ascorbic acid depletion (AAAD) method. The aortic blood 
samples were obtained immediately after stimulation and decap- 
itation with a large forceps. Blood samples from intact rats 
with no experimental treatment induced 14 * 12 (9) mg AAAD 
per 100 gm adrenal; forepaw stimulated rats, 115 * 13 (8); 
hindpaw stimulated rats, 106 + 15 (9). In contrast, blood 
samples from three hour cord-sectioned rats with no experi- 
mental treatment induced 40 * 8 (14) AAAD; forepaw stimulated, 
o4 * 10 (9); hindpaw stimulated, 39 * 6 (17). The absence of 
ACTH release after hindpaw stimulation indicates the neural 
paths in the cord are essential for rapid ACTH release. 
Blood ACTH levels did not respond to forepaw stimulation in 
the 19 and the 48 hour cord-sectioned rats. This depression 
in ACTH release is partially relieved at 21 days. (Supported 
by U. S. Air Force Contract No. AF 49 (638) 443.) 
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Physiology 


CORTICOTROPIN RELEASING EFFECT OF SYNTHETIC LYSINE VASOPRESSIN. 
Evelyn J. Weber* and Walter R. Hearn.* lowa State Univ., Ames, 
Towa. 

Synthetic lysine vasopressin (LVP)was assayed in the in 
vivo corticotropin releasing factor (CRF) assay (nembutal-mor- 
phine blocked rat) of Guillemin. Only modification of CRF 
assay was increase from 25 min to 35 min interval between nem- 
butal and morphine injections. Release of ACTH was determined 
by increase of corticoids (cmpd B) in 2 ml plasma. Levels of 
empd B for saline injected controls were same as for uninjected 
controls. Sample of LVP (JM V 68/16 of V. du V.) assayed 262 
U/mg pressor activity in dibenamine treated rat (Dekanski). 
Between 8 and 67 mU of pressor activity, CRF vs log dose LVP 
showed excellent linear relationship. In the 24 hr hypophysec 
tomized rat, plasma cmpd B controls were 2.4+0.1 and injection 
of 67 mU LVP gave no increase over controls; this effect of 
LVP_is therefore "CRF-like" and not "ACTH-like"”. 
mU LVP Cmpd B, meg/100 ml p value % Incr. 

Inj, Control Injected 














8.4 8.0+0.8 8541.1 8 >p>.7 — 
16.8 8.2+0.7 11.4+4+0.7 .01>p>.001 39 
33.5 8.1+0.8 14.7+1.4 <.001 81 
67 8.1+1.4 18.2 + 1.4 <.001 125 
(Supported by grants from Eli Lilly & Co. and N.I.H.) 


Physiology 


Retardation of Mammary Involution in Hypophysectomized, Post- 
partum Rats by Oxytocin, Joseph Meites and T, F, Hopkins.* 
Dept. of Physiology and Pharmacology, Mich. State Univ., East 
Lansing, Mich, 

Benson and Folley (1956) showed that oxytocin inhibited 
mammary involution in postpartum rats after litter removal, 
and interpreted this as evidence that oxytocin evokes prolac- 
tin release from the AP, Studies in our laboratory indicated 
that oxytocin has no effect on prolactin release, and that 
its favorable action is exerted directly on the mammary 
myoepithelium, In the present experiments, lactating rats 
were hypophysectomized on the 4th day after parturition and 
their litters were removed, Daily injections of .85% NaCl 
for the next 10 days (controls) resulted in marked mammary 
regression and no secretion, whereas prolactin and ACTH in- 
duced moderate inhibition of mammary involution and little or 
no secretion, When oxytocin was injected together with pro- 
lactin and ACTH, much better maintenance of the mammary sys- 
tem was observed, and the alveoli and ducts of most rats were 
engorged with secretion, Oxytocin was also effective when 
given with prolactin and cortisol acetate, although the latter 
2 hormones were more active in retarding mammary involution 
than prolactin and ACTH, These results demonstrate that oxy- 
tocin inhibits involution by acting directly on the mammary 
gland (Supported by NIH grant C-3448). 


Physiology 


ACTION OF NEUROHYPOPHYSIAL HORMONES ON THE ISO- 
LATED ADENOHYPOPHYSIS, James W, Woods and Philip 
Bard, The Johns Hopkins Medical School, Baltimore, Md, 

It has been suggested that posterior pituitary hormones 
may act to releasetrophic factors from the anterior lobe, We 
have recently studied eight cats which were subjected to total 
removal of the forebrain leaving the pituitary in situ and iso- 
lated from all central nervous connections, Untreated pre- 
parations of this type had little, if any, thyroid activity as 
judged by the rate of biological decay of thyroidal radioacti- 
vity. However, such cats did show normal rates of thyroid 
secretion if the diabetes insipidus which always follows this 
operation was controlled by Pitressin Tannate in oil, aqueous 
Pitressin, or synthetic lysine vasopressin (supplied by Dr, 
du Vigneaud), It was also found that synthetic oxytocin (Syn- 
tocinon, Sandoz) in doses that controlled the polyuria had the 
same effect, Although we have yet to demonstrate that pos- 
terior lobe hormones do not affect thyroid activity in the hy- 
pophysectomized cat, we have found that their effect on the 
cat with an isolated pituitary is counteracted by exogenous 
thyroxin, a fact which suggests that they may, indeed, act 
directly on the adenohypophysis, 
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Physiology 

LONG TERM EFFECTS OF HYPOTHALAMIC LESIONS ON REPRODUCTION IN 
SHEEP. W. H. Johnson*, E. M. Banks*, and A. V. Nalbandov*, 
Depts. of Physiol. and Animal Sci., Univ. of I11., Urbana, 

Previous short term studies in the ewe have indicated 
that mating behavior and pituitary gonadotrophic output may 
be interrupted by lesions in the anterior hypothalamus. In 
the present study, bilateral electrolytic lesions were stereo. 
taxically placed in the anterior hypothalamus of 68 ewes, gys. 
tematically covering areas ranging from the preoptic region to 
the median eminence, 2 mm. to each side of the midline. Thege 
animals were observed postoperatively for 1 to 2 breeding seg. 
sons (6 - 18 mos.) fpr behavioral heats (acceptance of a ster. 
ile male) or ovarian development (laparotomy and postmortem 
examination). Data is complete for 28 animals; of these, 17 
continued to show cycles of normal length (i6t1 day). 11 
showed aberrations of the following types: a) 4 animals 
ceased. reproductive activity immediately and for the entire 
experimental period; b) 4 animals remained quiescent for 1 
breeding season, returning to normal cycles during the second 
season; c) the remainder showed irregular heats, some quies- 
cent for a short period and others irregular, with final cegs- 
sation of activity. Ovarian activity was variable within the 
quiescent group. Anterior hypothalamic lesions thus appear to 
have variable effects on reproductive function. (Supported by 
NIH grant no. B-1386.) 


Physiology 
THYROID REGULATING ACTIVITY OF IiVTRA-OCULAR PITUITARY GRAFTS 
IN HY2OPHYSECTOMIZED RATS WITH MASSIVE HYPOTHALAMIC LESIONS, 
A. Khazin* and S. Reichlin, Washington U. Sch.Med., St.Louis, 
In order to investigate the possibility that the thyroid 
activation observed in pituitary-grafted animals after hemi- 
thyroidectomy was due to secretion of a thyrotropin releasing 
substance from the thyrotropic area of the hypothalamus, 
thyroid 1131 uptake and release rate were measured before and 
after hemithyroidectomy in hypophysectomized rats with both 
intra-ocular pituitary transplants and extensive ventral hypo- 











thalamic lesions. 1131 Release Rate 1131 uptake 
Group No. %/Day 24 hr. (h) 
before after before after 
Normal 8 17.0 21.9 13.4 9.0 
Hypophysectomized (H) 8 10.0 4.0 2.1 0.9 
H + Transplant (Tr) 14 7.4 10.5 2.0 1.1 
H + Tr + Lesion 8 0.6 3,2 0.4 0.5 


These and previous results are interpreted to mean that intra- 
ocular pituitary tissue displays autonomous responses to 
change in thyroid hormone level. An unexpected finding was 
that lesions further reduced thyroid function in hypophysec- 
tomized rats with intra-ocular grafts to a remarkably low 
level. Damage to the ventral hypothalamus thus affects 
thyroid function even in the absence of the intra-sellar 
pituitary. 
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Physiology 


THE INFLUENCE OF THE UTERUS ON THE PITUITARY-OVARIAN RELATIG- 
SHIP. M. Silbiger* and I. Rothchild. Western Reserve Univ. 
School of Med., Cleveland, Ohio. 

Rats were cervical.ly stimulated, and then hysterectomtzed 
during the ensuing pseudopregnancy. Pseudopregnancy length, 
time of onset of ovarian compensatory hypert: , end in- 
crease in pituitary folliculotrophic (FSH and LH) potency were 
determined in these rats. In addition, the duration of the 
ovarian cycle was measured in hysterectomized rats (with in 
situ pituitary intact) bearing hamotransplanted pituitaries. 
Pseudopregnancy was prolonged in 85.1% of 87 rats hysterecto- 
mized before noon on the 9th diestrus day and in 50% of 58 
rats hysterectomized later in the diestrus. Ovarian compen- 
satory hypertrophy did not begin until the 15th day in hyster- 
ectomized pseudopregnant rats, and the typical increase in the 
pseudopregnant pituitary's folliculotrophic potency was not 
seen until the 15th diestrus day. Over 70% of the cycles of 
49 hysterectomized rats bearing homotrans ted pituitaries 
were longer t. O days, compared to 45.6% of such cycles in 
rats with intact uteri bearing homotransplanted pituitaries. 
Cycles longer than 16 days occurred in 49.3% of the former 
group. 8.0% in the latter. The intact uterus seems to have # 
role in luteolysis, possible by potentiating folliculotrophia 
production. (Supported in part by USPHS grant #5526) 
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Physiology 

PROGESTERONE-INDUCED STORAGE OF PITUITARY GONADOTROPIN IN 
PERSISTENT-ESTROUS RATS. R. A. Gorski* and C. A. Barraclough* 
Sch. of Med., Univ. of Calif., Los Angeles. 

Electrical stimulation of the hypothalamus of androgen- 
sterilized, persistent-estrous rats results in ovulation only 
after treatment of this preparation with progesterone. In the 
present study the concentrations of pituitary gonadotropin 
(LH) of normal proestrous and estrous rats were compared with 
concentrations in untreated and progesterone-primed persistent 
estrous rats. Sterility was induced by administration of tes- 
tosterone propionate to 5 day old rats. All rats were sacri- 
ficed at 150 days of age. A group of 6 persistent-estrous 
rats was injected with progesterone (2 mg s.c.) and sacrificed 
at the time a proestrous vaginal smear was obtained (4-5 days 
after progesterone). Individual adenohypophyses were assayed 
by the ovarian ascorbic acid depletion method of Parlow. The 
following results have been obtained (average values of 4 as- 
says in®/mg tissue); Normal Proestrous, 2.1; Normal Estrous, 
1.4; Untreated Persistent-Estrous, 0.6; Progesterone-Primed, 
Persistent-Estrous, 1.1. These data suggest that the pituitay 
of the persistent-estrous rat does not contain sufficient go- 
nadotropin to induce ovulation when released and that proges- 
terone pretreatment increases gonadotropin to ovulatory con- 
centrations. (Supported by USPHG RG-5496) 


Physiology 


RELEASE OF PROGESTERONE FROM THE RABBIT OVARY IN RESPONSE 
10 GONADOTROPIC STIMULATION. J. Hilliard} E. Endréczi* and 
C. H. Sawyer. UCLA Med. Sch. and V.A. Hosp., Long Beach, Cal. 

The principal functional roles ascribed to progesterone 
have been related to pregnancy, and the site of synthesis of 
this steroid has generally been considered to be the corpus 
luteum. To study the output of progesterone under various 
physiological states, blood was collected continuously for 
periods of two hours or more from the ovarian vein of the 
rabbit. Whole blood progesterone levels were assayed by physi- 
cochemical methods after paper chromatographic separation. 
In the young virgin rabbit the progesterone output was at the 
lower level of detectability (<5 ug/ovary/hr.) but in the 
mature animal lacking visible corpora lutea the output was 
appreciable (10-20 yg/ovary/hr.), and it remained constant in 
the absence of hormonal stimulation. During the first half 
hour after treatment with HCG (500-1500 IU, iv.) or the first 
90 min. following sterile coitus the progesterone output more 
than doubled. These preovulatory changes in progesterone out- 
put may be correlated with depletion of stored lipid in the 
ovarian interstitial gland, described by Claesson and Hillarp 
(acta Physiol Scand. 1947-54) and considered by them as a 
prelude to synthesis of estrogen. The present findings suggest 
that the interstitial lipid may be a precursor of progesterone. 
Aided by USPHS B-1162. 


Physiology 


STIMULATORY ACTION OF LUTEINIZING HORMONE ON GLUCOSE UPTAKE 
BY CORPUS LUTEUM TISSUE. David T. Armstrong*. Harvard School 
of Dental Medicine, Boston, Massachusetts. 

The uptake of glucose by rat corpora lutea slices incubated 
for 2 hrs in Krebs Ringer bicarbonate buffer has been measured. 
Tissues were obtained from rats made pseudopregnant by s.c. in- 
jection of pregnant mare serum gonadotrophin one week previous- 
ly, followed 24 days later by s.c. injection of human chorionic 
gonadotrophin. Marked stimulation of glucose uptake resulted 
from iv. injection of purified luteinizing hormone (NIH-LH-S-1) 
4 hrs prior to removal of ovaries for incubation. Treatment 
with 0.0, 0.8, 1.6, 3.2, and 6.4 wg LH/100g body wt. resulted 
in mean glucose uptakes of 5.1, 7.5, 10.5, 10.8 and 12.8 mg/g 
tissue (wet wt.) respectively. Injection with purified FSH 
(NIH-FSH-S-1) or with a crude porcine anterior pituitary ex- 
tract caused stimulation of glucose uptake approximately in 
Proportion to the amount of LH which these preparations con- 
tained, LH being measured by the ovarian ascorbic acid deple- 
tion method of Parlow (Fed. Proc. 17:402, 1958). LH in vitro 
had no such stimulatory action when added to the incubation 
media in concentrations ranging from 1 to 500 g/ml. The 
early metabolic effect of LH on its target organ may stimulate 
Steroid hormone production through increased availability of 
Slucose as an energy source. (Supported by a grant from the 
Milton Fund, Harvard University.) 
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Physiology 
ANTERIOR PITUITARY REGULATION OF OVARIAN ASCORBIC ACID AND 
CHOLESTEROL CONCENTRATION IN PSEUDOPREGNANT RATS. A.F.Parlow.* 
Mass, General Hosp,, and Harvard Medical School, Boston, Mass, 

Depletion of ascorbic acid (AA) from the ovaries of 

pseudopregnant (pp) rats following intravenous injection of 
small doses of LH has been demonstrated (Parlow, Fed,Proc., 
17:02,1958). The sequence of changes in ovarian AA and cho- 
lesterol concentration following a single intravenous injec- 
tion of LH (NIH-LH, 10 yg.) in rats on the 5th to 9th days of 
pp has been determined, At 1,3,12,18,2) hrs, post injection 
AA concentration declined, reached the nadir, returned to 
control, overshot control and returned to control, Cholesterd 
declined significantly at one hr., reached nadir at 6 hrs.and 
returned to control by 2) hrs, Ovarian cholesterol declined 
maximally within 12 hrs, following hypophysectomy and, unlike 
adrenal cholesterol, remained low for at least 10 days. 
Ovarian AA declined slowly over months after hypophysectomy, 
A dose-response curve for LH, using cholesterol depletion, is 
obtainable, but its slope is flat, Intravenous injection of 
LH effects an increase in AA concentration in the ovarian 
venous effluent, Since LH stimulates secretion of luteal 
estrogen (Parlow, Proc,Soc.Meet.,p.113, 1960) as well as AA 
and cholesterol depletion, whereas LTH fails to deplete AA or 
cholesterol, ovarian AA and cholesterol may be differentially 
involved in the biosynthesis of estrogen in the pp rat, 


Biochemistry 


AN IN VITRO ACTION OF GONADOTROPIN. John M. Marsh*, Norman R. 
Mason* and Kenneth Savard. Endocrine Laboratory, University of 
Miami School of Medicine, Miami, Fla. 

Bovine corpus luteum slices, incubated at pH 7. in Krebs- 
Ringer bicarbonate-glucose medium, under conditions described 
for sow tissues by Duncan and associates (1960), synthesized 
progesterone at the rate of 15-80 ug. per g. in ‘2-3 hrs.3; de 
novo synthesis was shown by the incorporation of acetate-1-C 
Into progesterone (97 millimicromoles or 0.7 percent of sub- 
strate, per g. of tissue). The rate of in vitro biosynthesis 
was increased 2 to 10-fold by the addition or the following 
gonadotropin preparations: human chorionic (Ayerst A.P.L.), 
horse pituitary, and sheep pituitary L.H. (the latter F.S.H.- 
free). Stimulations of biosynthesis as high as 3 to 12-fold 
were effected by the addition of TPN (NADP) or by a TPNH-gener- 
ating system consisting of TPN, glucose-6-phosphate (G-6-P) and 
a crude G-6-P dehydrogenase preparation from yeast. 

Reliable measurement of progesterone (at 2/0 mu) could be 
obtained only after the application of stringent purification 
measures which included countercurrent distribution, silica 
gel and paper chromatography, and the use of trace amounts of 
progesterone-Clh of high specific activity to correct for 
mechanical losses. (Supported in part by Grant C~-l,00h, 

U. S. Public Health Service.) 





Pathology 


EFFECTS OF ESTROGEN ON GROWTH AND BIOLOGICAL BEHAVIOR OF A 
TRANSPLANTABLE GONADOTROPIN@-SECRETING PITUITARY TUMOR IN 
HAMSTERS, A. B. Russfield, G. Friedler*, and C, Palacas#, 
Bio-Research Inst., cambridge, Mass, We i ta aa | 

Since estrogens have been reported both to induce and to 
stimlate growth of secretory pituitary tumors in rats, 
their effect on a transplantable pituitary tumor of Golden 
hamsters was studied, This tumor causes hyvertrophy of sex 
organs in the host and contains a mimte but significant 
amount of gonadotropic hormone on bio-assay, It metastasizes 
to liver, lungs, and spleen, and rarely to kidneys and 
adrenals, Histologically, it resembles a chrorophobe adenoma 
of man, 

When intact, male, tumor-bearing hamsters were implanted 
with subcutaneous pellets containing 25 mgm, alpha-estradiol, 
growth rate.and final size of the tumor transplant were 
reduced’ “in approximately half the animals, In these hamsters 
only, no gonadotropin could be demonstrated in the tumor and 
testicular atrophy occurred. The pattern of metastases was 
not affected, but the size of individual tumor nodules was 
reduced, Tumor cells decreased in size and showed nuclear 
pyknosis, It was concluded that estrogen has an inhibiting 
effect on both growth and secretion of this pituitary ‘tumor 
under these conditions, 
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Nutrition 


THE EFFECT OF SUBCUTANEOUS TRANSPLANTS OF HYPOTHALAMUS AND 
PITUITARY GLAND ON THE ESTROUS CYCLE OF THE MOUSE. Donald G. 
Montemurro* and W. U. Gardner, Yale University School of 
Medicine, New Haven, Conn. 

In some strains of mice tumors develop in the pituitary 
glands that have been isotransplanted to the subcutaneous 
tissue. A prominent factor in the etiology of these tumors is 
the increase in secretion of luteotrophic hormone (LtH) by the 
transplanted organ. Initial experiments indicate that an in- 
crease in LtH secretion does not obtain when the hypothalamus 
is transplanted along with the pituitary gland. Fifteen hybrid 
female mice (C57xC3H) received subcutaneous transplants of 2 
male or female pituitaries. Twelve of these 15 mice (80%) 
showed pseudopregnancy-type vaginal smears. Autopsy of one 
animal in this group showed the mammary glands to be large and 
lactating. An additional 1 female mice received subcutaneous 
transplants consisting of 2 pituitaries and 2 hypothalami. 
Eleven of these 1) mice (79%) have maintained normal estrous 
cycles for 5) days following transplantation. In the one animal 
of this group, that has so far come to autopsy, the ovaries, 
uterus and mammary glands were normal. Hypophysectomy resulted 
in constant diestrus in each of three mice of this group. 
Experiments involving transplantation of pituitary and cerebral 
cortex, pituitary hypothalamus at remote sites in the one 
host, and of pars distalis alone are now in progress and will 
be reported. 
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Physiology 


EFFECT OF GROWTH HORMONE SUPPLEMENTATION ON LIFE SPAN OF THE 
FEMALE RAT. J. D. Emerson and G. M. Emerson*, Departments 

of Physiology and Biochemistry, University of Alabama Medi- 

cal Center, Birmingham 3, Alabama. 

Daily s. c. injections of 1 mg/rat/day of 1X crystalline 
bovine growth hormone (GH) was given from the 250th day of 
life until all rats were dead, to female rats of Group 27 
and lifespan compared to uninjected split litter controls 
(Group 23). Daily s. c. injections of a crude alkaline 
pituitary extract equivalent to 0.8 mg GH/rat/day was given 
to the female rats of Group AG 1, beginning at 768 days of 
age and continuing until death (with several 10 day rest 
periods) and lifespan compared to uninjected controls of 











Group AG 2, Neither lifespan, nor pathology at death, dif- 
fered significantly from controls in either treated group. 
Group No. Age (Days) Survival on 

Rats Onset Rx Rx (Days) 
27 Rx 7 250 553.3+33.8 
23 Control 17 *250 557 .2455.2 
AG 1 Rx 10 768 278.3438 .3 
AG 2 Control 11 754 256 .3425.8 





All means plus or minus standard error of mean, 


Physiology 

SPECIFICITY OF IN VITRO STH EFFECT ON AMINO ACID TRANSPORT 
J, L, Kostyo* and J. E, Schmidt*,Duke Univ., Durham, N.C, 

Various species of STH added in vitro stimulate the trans- 
port of AIB by diaphragms of hypophysectomized rats. A linear 
log concentration-response was obtained with bovine STH in the 
concentration range of 0,8-1.6yug/ml of incubation medium, To 
determine the specificity of this system for STH, other pitui- 
tary hormone preparations were tested. Previous studies (Endo- 
crinology 67:708) indicated that ACTH was inactive in this 
system, Thytropar (0.4U/ml), purified bovine TSH (0.1U/ml), 
mouse tumor TSH (0.1U/ml), ovine FSH (100ug/ml), porcine FSH 
(100ug/ml), ovine LH (100yg/ml), porcine OMSH (10yg/ml), por- 
cine BMSH (l0ug/ml), Pitocin (0.1U/ml) and Pitressin (0.1U/ml) 
were all inactive at the concentrations tested, Panlitar and 
ovine prolactin (NIHPS 3) were tested (1-100ug/ml) and found 
to be active at 100 pg/ml. Boiling STH at pH 8 destroys its 
ability to stimulate AIB transport. This treatment does not al- 
ter the ability of prolactin to stimulate the pigeon crop sac. 
The activity of prolactin on AIB transport was sharply reduced 
following boiling at pH 8, suggesting STH contamination. 
Since the above studies indicate that other pituitary hormones 
are not active in this system, the feasibility of using the in 
vitro effect of STH on AIB transport by muscle as a sensitive 
assay for STH in pituitary hormone preparations is being 
explored. 
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Physiology 
INFLUENCE OF CORTISONE ON THE EFFECTS OF GROWTH HO! 
CARBOHYDRATE, METABOLISM. N. Altszuler, A. Dunn, a. seal 
J. S. Bishop and R. C. de Bodo. Dept. of Pharmacology, lev 
York Univ. Sch. of Med., N.Y.c., and Biology Dept., 
Brookhaven Natl. Lab., Upton, N.Y. 

Earlier studies in hypophysectomized dogs showed that cor. 
tisone abolished the growth hormone induced resistance to ¢ 
insulin and impairment of glucose tolerance. The current 
studies investigate the growth hormone-cortisone relationshi 
in normal, unanesthetized dogs. Administration of growth ' 
hormone (1 mg/kz/day) for 4-8 days produced a mild hyperglyce. 
mia and a marked resistance to insulin, but no impairment of 
glucose tolerance. The additional administration of cortisone 
(1.5 mg/kg/day) for several days usually lowered the plasma 
glucose level and removed the resistance to insulin. Studies 
with C*" glucose revealed that a growth hormone regimen 
increased the rates of plasma glucose production and removal 
and reduced markedly the effect of insulin on glucose utiliza. 
tion. Addition of cortisone to the regimen did not alter the 
increased rates of plasma glucose production and utilization 
induced by growth hormone. The mechanism of the cortisone 
effect on insulin resistance is under investigation. 





Pharmacology 
GROWTH HORMONE EFFECTS IN HYPOTHYROID RATS, 


E, SchSnbaum* and E, A, Sellers, Dept. of Pharma- 
cology, Univ. of Toronto, Toronto, Canada. 

The growth rate of rats on a propylthiouracil 
(PTU) diet is very low. Added small amounts of 
thyroxin (T,) permit growth, increase absolute and 
relative sizes of PTU-induced goitres. In PTU-fed 
rats, 4 weeks of porcine growth hormone (GH) inject- 
ions increased the average BW gain from 6 to 32 gms, 
For confirmation, GH was given intermittently to 
rats on a semi-synthetic diet only; with added 0,02 
PTU; PTU + 25 pg% T,. Therefore, each animal served 
as its own control. 7 weeks of GH injections, after 
PTU had arrested growth, increased BW by 35 gm. 
After ceasing injections, the rats lost an average 
of 23 gm. 2 weeks later (BW gain 2 gm). GH was 
again injected and BW gain was 14 gm in one week, 
GH had no effect on the other groups. In the ab- 
sence of thyroid hormones no GH seems to be released 
but GH is still able to act, with reduced effect- 
iveness. (Supported by grants from the Defence 
Research Board of Canada (No. 9325-10) and from the 
J. P. Bickell Foundation. ) 
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Biochemistry 


CHEMICAL STUDIES ON THYROTROPIC HORMONE, — E. Carsten and 
John G. Pierce. Dept. of Physiological Chemistry, v. of 
alif. Med. -, Los Angeles, Calif. 

Highly purified thyrotropin preparations have been shown 
to consist of several similar components, all biologically 
active. The components are glycoproteins; two, following iso- 
laticn, showed almost identical amino acid composition 
(Carsten and Pierce, J. Biol. Chem,, 235:78, 1960). Degrada- 
tive studies are in progress to investigate the "sequential" 
homogeneity of the material. The molecule appears to be high- 
ly cross-linked by disulfides as no SH groups can be detected 
among the approx. 18 half ‘cystine residues present. Reduc- 
tion and alkylation of the cystine residues caused loss of 
activity but no marked change in molecular size (as deter- 
mined by electrodialysis in starch gels). Cleavage of the 
disulfide bonds was necessary for suitable tryptic digestion. 
Fractionation of tryptic digests on colurms of Sephadex G25 
showed 60% of the digest to consist of material of relatively 
high molecular weight (3500 and above) which still contains 
all the carbohydrate. Peptide maps of the digest show ’)* 
number of peptides produced to be commensurate with the .y- 
sine and arginine present. (Supported by a grant from the 
U.S. Public Health Service). 
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139 ENDOCRINES—Glucagon 
Biochemistry 


LIVER PHOSPHORYLASE ACTIVATION BY FACTOR(S) IN 
PLASMA, Maynard H, Makman and E W i 
Western Reserve Univ. School of Med., Cleveland, 0. 
Bioassay of glucagon in plasma has been compli- 
cated by the presence of another factor which stimu- 
lates (and which under some conditions may inhibit) 
phosphorylase activation. The factor may be present 
in preparations of plasma extracted for glucagon 
(J. Biol. Chem., 233, 894, 1958). Glucagon, but not 
the factor, increases accumulation of adenosine-3', 
5'-monophosphate (cyclic 3,5-AMP) in the presence 
of liver particulate fractions. The factor and 
also cyclic 3,5-AMP stimulate phosphorylase activa- 
tion by liver supernatant fractions where glucagon 
has no effect. The factor is distinguishable from 
cyclic 3,5-AMP, It is associated primarily with 
plasma albumin as determined by salt and cold 
ethanol fractionation. It is dialyzable at acid pH 
and has been partially purified by recovery from 
the dialysate and column chromatography. The factor 
is active in the presence of Versene. It is stable 
to 0.1 N HCl and to 0.1 N KOH at 100°, and to tryp- 
sin. It is hoped that this study will eventually 
help to clarify the problem of bioassay of glucagon 
in plasma. 


Biochemistry 
GLUCAGON ANTIBODIES IN GLUCAGON METABOLISM AND IMMUNOASSAY. 
G. M. * T, da,* C. T. and I. I. 
Ge a ve ifornia ter, Francisco, 
Calif. 


Since present methods for the bioassay of glucagon lack 
specificity, the possibility of developing a glucagon immmo- 
assay was investigated. The antibody content of sera from 
rabbits treated intermittently with free glucagon or glucagon 
conjugated with ovalbumin (both in adjuvant) was measured 
at intervals during a 2-year period. Circulating non- 
precipitating antibody was produced within 1 month and 
increased with repeated administration of either antigen. 
After a 9-month rest period, antibody was still detectable. 
Insulin did not cross-react. Glucagon-I131, injected into an 
immunized rabbit, was rapidly bound in the serum, remained 
chromatographically intact and was only slowly cleared from 
the circulation. Glucagon-I131 could be disassociated from 
its antibody at acid pH. The preferential salt precipitation 
technique used for the immmochemical assay of insulin (J. 
Clin, Invest. 39: 1070, 1960) proved applicable for the de- 
tection and measurement of small amounts of glucagon (0.5 mg). 


Pharmacology 


BLOOD ALCOHOL DISAPPEARANCE RATE AFTER THE ADMINISTRATION OF 
1.V, GLUCAGON. Delbert Nelson* and Clayton E. Jensen.* Univ. 
of N. Dak. School of Med., Grand Forks, N. Dak. 

Glucagon has been shown to effect an increase in the he- 
patic blood flow of dogs varying from }\1 to 204%. In this 
study Glucagon, was utilized in an attempt to accelerate the 
disappearance of alcohol from the peripheral blood of dogs by 
increasing the amount of alcohol presented to the liver for 
Subsequent oxidation to acetaldehyde and acetic acid. Al- 
cohol 20% w/v in saline was injected in a quantity sufficient 
(10 ml.-kg.) to bring the blood alcohol level to 20-260 man. 
Blood samples were then obtained at hourly intervals for 7 
hours. The first three samples were used to plot the normal 
disappearance curve. At the end of the 3rd, lth, Sth, and 
6th hours Glucagon in a dosage of 0.05 mgm/kg was injected 
IV. and the experimental disappearance rate determined. Cal- 
culation of the normal rate indicated a rate of disappearance 
from the blood stream of 12.5 to 13.7 mam% per hour or a mean 
average of 13.1 mon%. After Glucagon administration the fall 
in alcohol levels ranged from 16,2 to 23.7 monf/hr. or a 
Mean average hourly fall of 19.0 mgm%. After Glucagon the 
mean average hourly fall was found to be increased 68%. 
(Supported by U.S.P.H. Grant No. M-3769 (A).) 
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Pathology 
EFFECT OF GLUCAGON ON THE ACINAR PANCREAS. Jarett, L.* 
and Lacy, P.E. Department of Pathology, Washington University 
School v= Medicine, St. Louis, Mo. 

Degranulation of acinar cells has been described 24 hours following 
administration of large amounts of gli cagon to rats (Diabetes 8(1):36, 
1959). An attempt now has been made to determine the mechanism of 
action of glucagon on acinar cells. 5 hours after injection of 1.12 mg/ 
Kg of glucagon into rats, a 33% decrease in zymogen granules was pre- 
sent in comparison to controls. These pancreases have a 32% decrease 
in amylase (units/mg) compared to controls. Neither adrenalectomy nor 
atropine, |.5 mg/Kg, prevented degranulation. Starvation neither 
caused degranulation nor prevented degranulation after glucagon. In 
glucagon treated and control rabbits (pancreatic ducts cannulated) there 
was no apparent difference in the rate of amylase secretion over 5 hours. 
The serum amylase concentration in these and in unoperated rabbits 
receiving glucagon did not differ from the controls over 5 hours. But a 
31% decrease in amylase (units/mg) of these pancreases was found. 
Glucagon apparently has a direct action on acinar cells of the pancreas. 
These findings show that it does not stimulate the release of pancreatic 
enzymes. Most likely this action of glucagon is the inhibition of 
enzyme synthesis by the acinar pancreas. (Supported by USPH Grants 
Nos, A-3373 & CRT-5017.) 
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INSULIN AND THE ARSORBTION OF CERTAIN SUGAR DERIVATIVES. 
V.W, Adamkiewicz» Dept. of Physiol., U. of Montreal, Montreal, 
Canada, 

Insulin potentiates the hyperergy to the glucan-dextran, 
and the cardiac action of the glycoside k-strophanthin, w.en 
they are injected S.C., (rats), The potentiation is apparent- 
ly not due to accelerated absorbtion of these drugs since it 
was found that at 36°C in vitro, insulin does not modify the 
speed of passage of glucose, dextran, salicin or saligenin 
across S.C, tissues, or across the walls of stomach and 
illeum, The glycoside salicin passes across the illeum wall 
without being hydrolyzed to the aglycone. (Supported by 
grant A-2260 U.S. Dept. of Health, Education and Welfare, 
grant MA 640 Nat, Res, Council of Canada, and a grant from 
the Nat, Cancer Inst, of Canada.) 


Physiology 


KETOGENESIS IN PERFUSED LIVERS OF PANCREATECTOMIZED RATS. 
Robert 0. Scow and Sidney S. Chernick. Natl. Insts. of 


Health, Bethesda, Md. 

Hyperketonemia in diabetes is quickly lowered by insulin. 
This may be the result of decreased production or increased 
utilization of ketone bodies, or both. The effect of insulin 
on ketogenesis was studied in perfused livers from diabetic 
rats. Diabetes was produced by removing 99.5% of the pancreas 
17 hours before perfusion; liver-donors were fasted 40 hours. 
The liver was perfused in sity accord to the method of 
Mortimore et al. (DIABETES 8: 307, 1959). The perfusate was 
1:1 blood (from fasted rats) and 0.85% NaCl solution; in some 
the glucose concentration was increased to 350 mg %. Ketone 
bodies were released by the liver for at least 3 hours; the 
rate for the 3rd hour was 1/2 that for the lst hour. Keto- 
genesis was faster in livers from-diabetics than in thos from 
controls, 5.52 + .75 vs. 2.32 + .20 mg/gm liver/3hr. (+S.E.). 
The faster rate was related to a higher fat content in the 
liver. 40 U. glucagon-free insulin was added to the perfusate 
of diabetic livers. At the end of 3 hours, more than 50% of 
the insulin was still circulating. Regardless of glucose con- 
centration in the perfusate, insulin had no effect on hepatic 
ketogenesis. 
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Physiology 


STIMULATION OF PHOSPHATE UPTAKE BY INSULIN AND 
ITS RELATION TO SUGAR TRANSPORT IN THE PERFUSED 
RAT HEART. H. Kaji* and C. R. Park, Physiol., Vander- 
bilt Med. Sch., Nashville, Tennessee. 

Insulin increases the uptake of Pj by the isolated heart 
perfused with bicarbonate buffer containing various concen- 
trations of P; with or without sugar. Uptake is positive 
during the first 15 minutes of perfusion and stops or becomes 
negative thereafter. In Pj free medium, insulin reduces P 
loss from the tissue. When perfused with L-arabinose, Pj 
in the medium diminishes the insulin effect on free sugar 
accumulation in the cell. On the other hand, the presence of 
L-arabinose or glucose increases the insulin effect on Pj up- 
take. The hormone effect on Pj uptake is reduced in the 
alloxan diabetic tissue. Anoxia inhibits Pj uptake completely. 
Considering the many effects of intracellular P, our findings 
point up the difficulty of distinguishing intracellular actions 
of insulin from membrane effects. The independent actions 
of the hormone on sugar and & -amino isobutyric acid trans- 
port (M. Smith, unpublished) and Pj uptake in the heart 
suggest that insulin may have a more general effect on mem- 
brane permeability than hitherto supposed. 





Physiology 


THE EFFECT OF INSULIN ON THE METABOLISM OF GLUCOSAMINE. Thomas 
Hernandez and Roland A. Coulson. Dept. of Pharm. and Dept. of 
Biochem., L. S. U. Sch. of Med., New Orleans, La. 

Twenty-six small alligators were injected with glucosamine 
HCl in doses ranging from 100 mg. to 2 grams per kilo body 
weight. Although it was excreted as rapidly as creatinine sig 
nificant loss to the urine could be prevented by insuring a 
low urinary output by restricting water. In these oliguric 
animals, plasma levels of glucosamine remained elevated for 
more than a week, Insulin doubled the rate of metabolism of 
glucosamine without affecting its renal excretion. All of the 
alligators receiving 2 grams/kg. died by the end of the third 
day unless they also received insulin in which case they in- 
variably survived. The amino sugar appeared to cause a break- 
down of liver glycogen as evidenced by a very great increase 
in blood glucose which was not accompanied by any rise in lac- 
tic acid. A constriction of the pupils occurred which lasted 
several times as long as that produced by 1 mg. of epineph- 
rine/kg. The blood sugar rise was prevented by insulin and the 
pupillary response was delayed. Under the conditions of these 
experiments glucosamine did not increase the excretion of am- 
monia in the urine and the metabolic fate of the amino group 
of this compound was not determined. (Supported by NIH Grant 
No. H-2062) 





Physiology 


STUDIES SUGGESTING THE EXTRA-PANCREATIC PRODUCTION OF 
SUBSTANCES WITH INSULIN-LIKE ACTIVITY. Harold L. Goldberg* 
& Richard H. Egdahl. Surg. Res. Lab., Med. Coll-of Va. , Richmond, Va. 
Te is some evidence that substances with insulin-like activity 
(ILA) are produced in areas other than the pancreas under certain cir- 
cumstances. In the present studies, peripheral blood levels of ILA were 
determined in the "resting" state and following hyperglycemia in intact, 
pancreatectomized and eviscerated animals. The epididymal fat pad 
method of Martin, Dagenais, and Renold (1958) was used to assay ILA. 
Nine acute pancreatectomies, eleven chronic pancreatectomies, and 
three eviscerations were performed. Control samples of peripheral blood 
were taken before and after these surgical procedures, followed by the 
IV injection of 0.5 Gm/Kg of glucose. Peripheral ILA values seven and 
eight days after pancreatectomy were not depressed compared to normal, 
even in ketotic animals. An elevation in ILA was observed following 
hyperglycemia in several chronically depancreatized dogs and in all 
acute experiments. Selected samples subjected to immunoassay by Drs. 
Berson and Yalow were found to contain no insulin. These studies in- 
dicate that there is a substance circulating in the blood of pancreatec- 
tomized and eviscerated animals which has insulin-like activity, but 
which is not insulin as determined by immunoassay. (Supported by NIH 
Grant #43808). 
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Physiology 
PREVENTION OF PHLORIDZIN HYPOGLYCEMIA WITH INSULIN, M, §, 
Goldstein, B. Metzger* and S, Berger*. Michael Reese 
Hospital, Chicago, Illinois. 

The hypoglycemia that accompanies 2-3 days of phloridziy 
glycosuria has been attributed to an exhaustion of glucoge 
sources, Feeding prevents the development of hypoglycemia 
and would seem to confirm the concept of exhausted gluco- 
neogenic reserves. In testing an alternative hypothesis 
hypoglycemia reflects an active shift to fat economy rather 
than exhaustion of available carbohydrate reserves, animals 
were treated with phloridzin in the fasting state but with 
intermittent administration of insulin. Persistent gluco- 
neogensis with maintenance both of glycosuria and normal 
blood sugar levels could be achieved by daily insulin ther, 
py in the fasting state despite the phloridzin renal glyco. 
suria. The accompanying parameters of phloridzin diabetes, 
namely ketosis and high circulating NEFA levels, were sini-~ 
larly suppressed by insulin treatment in the fasting state, 
The renal loss of sugar induced by phloridzin leads to hy- 
poglycemia due to a failure of stimulating gluconeogensis 
rather than an exhaustion of available gluconeogenic re- 
serve material. The administration of small amounts of in- 
sulin daily maintains the animal in a state of high glyco- 
neogenic activity and preserves the gluconeogenic response 
to renal sugar loss despite an equivalent period of fasting 





Physiology 

INCORPORATION OF GLUCOSE CARBON sto PROTEIN OF GIANT ISLETS 
OF TOADFISH (OPSANUS TAU). Rene E. Humbel*, Keith W. Taylor* 
and Albert E. Renold. Harvard Medical School, Boston, Mass, 

Giant islets (Brockman bodies) of toadfish have been incu- 
bated for up to 48 hours in a modified bicarbonate buffer at 
23°C with glucose-u-cl4, The medium was changed at intervals 
of 12 hours. Glucose uptake (18-15 pM per gram islet per 12 
hrs.), lactate production (8-15 gM) and metabolism of glucose 
carbon to C02 (12-30 pM) were maintained without appreciable 
alteration throughout the incubation. After 24 or 48 hours, 
tissue protein was precipitated with TCA, extracted with acid 
ethanol and, after dialysis and lyophilization, chromatograph- 
ed on paper using the system of Fenton, protein being stained 
with bromcresol green. Approximately 25 per cent of the acid 
ethanol soluble islet protein exhibited an R¢ broadly similar 
to beef insulin. This fraction could be eluted almost comple- 
tely from the paper with HCl; exhibited biological insulin- 
like activity on the rat diaphragm; and contained the highest 
specific radioactivity of the fractions obtained. Two dimen- 
sional chromatography, using a butanol-formic acid system, 
gave spots in which the specific activity of the stainable 
material was not decreased. Using 150 mg. per cent glucose at 
15.5 pC/mg., the specific activity obtained was 40,000 CpM/mg 
protein, with a thin end window counter having an efficiency 
of 25 per cent. 


Biochemistry 


STUDIES ON AN INSULIN-DEGRADING ENZYME ISOLATED FROM BEEF 
LIVERe Henry He Tomizawa. Department of Biochemistry, Fels 
Research Institute, Yellow Springs, Ohio. 

In studies on the specificity of the enzyme, glucagon and 
acetyltyrosine ethyl ester, a substrate for chymotrypsin, were 
found to be inhibitors not substrates of this enzyme. Prelim 
inary studies with ovine prolactin, a disulfide-containing hor- 
mone, indicate that it is neither a substrate nor an inhibitor 
Several observations suggest that the enzyme in question pro 
motes cleavage of disulfide bonds of insulin in a reaction ber 
tween the hormone and a small sulfhydryl compound such as glue 
tathione. However, the possibility that this enzyme instead 
catalyzes the splitting of certain peptide bonds in insulin 
has not been excluded. Toward finding a solution on this poiltt, 
the following has been performed. The enzymatically produced 
trichloroacetic acid (TCA)-soluble material from insulin, prob 
ably a single peptide, was purified using a Dowex 50=X2 colum 
The component amino acids were determined using an automatic 
amino acid analyzer. Isoleucine the one amino acid found only 
in the A-chain of beef insulin was a component of this product, 
Also, all six amino acids present only in the B-chain(ie.,®rgs 
his, lys, phe, pro and thr) were not constituents of this m- 
terial. This suggests that the TCA= soluble material arising 
from the enzymatic degradation of insulin includes all or part 
of A-chain. (Supported in part by USPHS grant A-3854.) 
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M.S, sfREE" INSULIN AND INSULIN COMPLEXES IN BLOOD. Harry N. QUANTITATIVE DETERMINATION OF INSULIN IN DISSECTED BETA H 
| intoniades» Kare Gundersen* and Hugh M. Pyle. Protein Fnd. CELLS. J.R. Williamson* and P.E, Lacy, Washington Univ. School of i 
ria fps.) Jamaica Plain? Mass. and the Boston Dispensary» Boston, Medicine, St. Louis, Mo. ‘ 
Se : 
eal eo sieeetn dann tnd. pubtian. s0 Sei Wan @ a oo Miyeger of a very sensitive biological assay for insulin 
call is ins complex fom with other proteins and» more specifically enold, et. al., J. of Clin. Invest. 39:1437, 1960) and refinements in 
uco~ tasic proteins. The blood insulin complexes ("bound" insulin) microdissection technique make possible the quantitation of insulin in 
sie tun be udsorbed by cutionic exchange resin (Nat cycle). The isolated islet tissue without prior harsh extraction procedures. The 
rather § insulin complexes are eluted, in tum, from the resin by microtechniques of Lowry were utilized to isolate and weigh portions of 
nimals § .jali. A portion of insulin in olood or serum which escaped islets and acinar tissue. Specificity of the assay for insulin was con- 
with tion on the resin was considered "free" insulin. The 
1 adsorp ss . ; firmed in 2 ways. (I) Insulin activity of standards and of dissected 
luco~ tno forms of insulin in blood differ in their biological telets was letely inhibited by additi f enti 
mal properties in-vitro in that the "bound" form of insulin exerts poy eaneglieage y addition of anti-insulin serum prior 
there Pits biological uctivity only after dissociation of insulin to assay. (2) No insulin-like activity was demonstrable in acinar tissue. 
glyco § complexes. Dissociation of blood insulin complexes has been The insulin content of dissected beta cells was 3764+ 384 y units/yg. 
betes, — achieved in-vitro either by centrifugation at pH 10 or by dry wt. of beta cells. On conversion tog. of crystalline beef insulin 
simi- § incubation with adipose tissue extracts. Examination of the (26 units/mg), it was found that 14.5% of the dry weight of dissected 
<a pate ‘a0 cae as arty Egypte ete yg Fel ee beta cells is insulin. By counting the number of nuclei in selected 
nsis Tae physicochemical eqed.ibeia. beers Studies on the nang pcg insulin content of a single beta cell was estimated to 
re=- amounts of "free" and "bound" insulin in blood in relation to 2 es 
of in ff clucose concentration indicate that « rise in blood glucose (Supported by USPH Grants Nos. A-3373 and CRT-50I7.) 
lyco- results in an increese of "free" insulin whereas in the 
ponse fasting state insulin is primarily in the "bound" forme 
asting, 
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LETS. DIRECT ACTIONS OF INSULIN AND GLUCAGON ON THE ISOLATED PER- METABOLISM OF PYRUVATE-2-C14 IN NORMAL AND DIABETIC HUMANS. 
lor FUSED RAT LIVER. Leon L. Miller. Univ. Rochester, School 1.Rosabelle McManus, Paul Sweeney*,and Robert E, Olson, Dept. 
188. of Med. and Dent., Rochester, N.! N.Y. of Biochem.and Nutr., Univ. of Pittsburgh, Pittsburgh, Pa. 
incu- The isolated normal rat liver perfused with homologous Trace doses of Na pyruvate-2-cl (100 uc) were given I.V. 
ir at heparinized oxygenated blood is exceedingly sensitive to to normal subjects and to ketogenic diabetics withdrawn from 
rvals glucagon (1-107/hr) by continuous infusion; it responds not insulin and the time course of specific and total activities 
ir 12 only with glycogenolysis and with 50 to 100% increase in in blood pyruvate, O-ketoglutarate, lactate, glucose and res- 
ucose protein catabolism (L.L. Miller, Nature 185, 4708 (1960)) piratory COg followed over a 12 hour period. Pyruvate and 
able (as estimated by endogenous urea proguetion), but also with G-ketoglutarate were separated by silicic acid chromatography 
urs, suppressed oxidation of glucose-U-c . Demonstrable direct after preparation of the 2,4-dinitrophenylhydrazones. cl4 in 
| acid effects of insulin on the normal liver are dependent on blood glucose was measured as $°2 after periodate oxidation 
graph: whether the liver is under the influence of glucagon. of K gluconate followed by Hgt oxidation of Cs 2-5. After 
ained Insulin (1.5u/hr) neutralizes the protein catabolic effect permanganate oxidation of lactate, cl4 in C-1 was measured as 
» acid of glucagon (10y/hr), but does not reverse the glycogeno- BaC03, Cs 2-3 as acetaldehyde-dimedon. Respiratory COy rea- 
milar lytic action. Insulin acting on the perfused livers of ched maximal specific aptivity in 20-30 min, in both normals 
omple- normal fasted rats enhances glucose-U-C!* uptake and oxida- and diabetics. In normals, C 4Oo recovery over 12 hours was 
in- tion, enhances fatty acid biosynthesis, and lowers the 43-587, of the administered dose, while diabetics showed 26-46% 
ghest steady state blood free amino acid level. The actions of recovery. Total cl4 in blood glucose was significantly ele- 
imen- insulin on the isolated liver are thus qualitatively similar vated in diabetics. , The biological half-life of pyruvate in 
*, to some described for insulin on muscle and fat tissues. both groups was 1.210,4 min, Q-Ketoglutarate and lactate rea- 
le Supported by grants from the Atomic Energy Commission, the ched maximal specific activity rapidly and declined to low 
one U.S. Army, Office of Research and Development, and the Jane levels over a 2 hour period. These findings are consistent 
pM/ng Coffin Childs Memorial Fund for Medical Research. with a diversion of pyruvate toward glucose synthesis in the 
ency diabetic without significant alteration in its metabolism via 
the tricarboxylic acid cycle. 
mistry Pharmacology Biochemistry 
le PARADOXICAL EFFECT OF INSULIN UPON ISOLATED DIALYSIS-INDUCED HYPOGLYCEMIA IN DOGS. J. R. 
PERFUSED RABBIT LIVER. George J. Mouratoff*, Leonards, B. R. Landau¥ and F. M. Barry* Western 
and pistols V. mpeeou* Pan Si Gabpert*, & Robert C- Patterman Reserve Univ., Cleveland, Ohio. 
st. in. armacol. ed. Research, Berkeley, if., : ; ; i. 
oul and Letterman General Hospital, San Francisco, Calif. sage ei aadouies bm elie de Bi sae meegrien: 
Sattusion sche of yadhadied 44 demain? ble: gated. epatic glucose output ( ) was measured in dogs 
g hore a Tine tne tet na pyr ea ete Bape engl h dialyzed with an artificial kidne When no glucose was 
bitore moved from fasted, New Aealand, white, male rabbits were pao aged 5 5 ‘ag i & 
pro utilized to study the effects of crystalline beef zinc insulin present in the dialysis bath marked hypoglycemia occurred, 
n bee upon this organ as reflectedin circulating glucose. The per- In three dogs HGO was very high, perhaps associated with 
glue fusate, at 37° C, consisted of equal parts of whole rabbit stress; in two others it was nearly normal, In no case was 
oad blood and normal saline. Quantitative measurements of O2 HGO decreased, The hypoglycemia does not appear attribut- 
in nen, CO2 production, perfusate glucose, and urea able to the small quantity of glucose removed by dialysis. 
poitt, aa, wore dine s6'Se-usinats latervers Sees Sevres The quantity of intravenously administered glucose required 
uced ization period of two hours -- and at frequent intervals Sint 1 . e thet a markedly te 
probe following insulin administration for an additional two-hour +o SOR by ein OH whose ep ¥ 3 
ola period. The single dose of 1-10 units of insulin into the creased glucose uptake by tissues occurred with dialysis. 
tie portal vein resulted in an immediate increase in perfusate Hypoglycemia did not occur during control periods in which 
only glucose. The peak effect was attained between 60-120 min- the dialysate was recirculated. The hypoglycemia may be 
oducts pins and manifested a 53-120% increase in circulating the consequence of glycogen depletion and removal by dialy- 
»8rEy glucose. Control studies without insulin revealed no signifi- sis of substances inhibiting glucose utilization, However, 
nit cant increase of glucose levels. Administration of cysteine- the certain mechanism of this phenomenon is still being 
sing treated insulin to determine the role of glucagon did not h 
part affect perfusate glucose. Possible nicotine like action of sought. 
insulin upon liver chromaffin tissue was excluded by studies 
with DMPP which did not alter glucose levels. 
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Pharmacology 


PRODUCTION OF DIABETES MELLITUS IN MICE WITH ALLOXAN. 
Edward C. Tocus* and Marjorie Cavallo.* Dept. of Pharm. 
Res., Lederle Laboratories, Pearl River, N. Y. 

With the development of a microtechnique for the analysis 
of blood sugar, (0.02 cc blood), the mouse was re-examined 
as @ possible test animal for studies of diabetes mellitus. 
A single rapid intravenous injection of 100 mg/kg of fresh 
alloxan monohydrate as a 2% solution in water produced an 
average blood sugar level of 576 mg% in 72 hours, an in- 
crease of 430 mgh over the average fasted control blood 
suger of 146 mgh. Studies with tolbutamide, B-phenethyl- 
biguanide and insulin with these mice showed only insulin 
capable of reducing the blood sugar level to normal, sug- 
gesting complete destruction of the beta cells in the islets 
of Langerhans. Studies performed thus far indicate no de- 
crease in blood sugar level with time. 


Pathology 


HISTOCHEMISTRY OF RABBIT PANCREATIC B CELL ENZYMES AND EFFECT 
OF CORTISONE AND ALLOXAN. S.S. Lazarus and H. Barden* 

Isaac Albert Research Institute, Brooklyn, N.Y. 
Glucose-6-phosphatase was found only in the cytoplasm of 
the B cells, In these cells glucose-6-phosphatase dehydrogen- 
ase and triphosphopyridine nucleotide diaphorase activity was 

marked while lactic dehydrogenase and diphosphopyridine 
nucleotide activity was low as compared with exocrine cells. 
Succinic dehydrogenase (S.D.) and cytochrome oxidase (Cyt.Ox.) 
were present in mitochrondria throughout the pancreas. In 
exocrine parenchyma SH dependent adenosinetriphosphatase 
(ATPase) at pH 9.2 was found only in mitochrondria. In islets 
it was present both in mitochrondria and additional granular 
structures, After B cell degranulation by adrenal steroids 
extramitochrondrial intrainsular ATPase disappeared indicating 
a relationship of this ATPase to the granules and possibly 
also to the mechanism for insulin release. After alloxan 
administration there is early reduction in insular ATPase 
activity with subsequent diminution of S.D. and Cyt.Ox. The 
other enzymes disappear when the B cells become necrotic and 
disintegrate at about 24 hours. These findings indicate that 
alloxan toxicity is not due to interference with B cell glu- 
cose oxidation co the HMP pathway or with TPNH generation but 
that extramitochrondrial aTPase Vecalined to granules is in- 
Fels for sit groups np cell deberyctto a : 
Supported by a grant from Nat. Sci. FO. 





Pathology 


EFFECT OF ALLOXAN ON PANCREAS AND BLOOD SUGAR OF 
RABBITS PRE-TREATED WITH CORTISONE AND HYPOGLYCEMIC 
SULFONYLUREAS. Bruno \!. Volk and Sydney S. Lazarus. 
Isaac Albert Research Institute, Brooklyn, N. Y. 
The effect of alloxan on the pancreas and blood 
sugar of rabbits whose B cells had been stimulated 
by pretreatment with metahexamide or cortisone was 
studied. The triphasic blood sugar curve ordinarily 
observed after alloxan was modified in both groups. 
In the sulfa-treated animals no secondary hypogly- 
cemia was observed and most animals failed to be- 
come diabetic, Morphologically after alloxan admini- 
stration the A.F. positive granules were cistinctly 
recognizable during the progression of B cell nec- 
rosis and as the cells disintegrated the debris re- 
mained A.F. positive. In the sulfa-treated animals 
alloxan caused a similar morphologic picture de- 
spite previous extensive degranulation of B cells. 
Cortisone pretreatment appeared to partially pro- 
tect the B cells against the toxic action of 
alloxan. Furthermore, instead of typical necrosis 
observed after alloxan alone this combination 
caused “ballooning degeneration" of B cells 
similar to that seen in cogs after growth hormone. 
(Supported by a grant from Nat. Sci. F.). 








Pathology 

PLASMA GLYCOPROTEINS IN HUMAN AND EXPERIMENTAL DIABETES 
MELLITUS. J.M.B, BrooowortH, Jr. On10 State UNiv. CoLvege 
Meo., CotumsBus, OHIO. 4 
ABNORMAL GLYCOPROTEIN AND MUCOPOLYSACCHARIDE METABOLISM jg 
THOUGHT TO PLAY A ROLE IN THE DEVELOPMENT OF DEGENERATIVE vag. 
CULAR DISEASE IN PATIENTS WITH DIABETES MELLITUS. PLASMA iy 
COPROTEINS HAVE BEEN MEASURED IN NORMAL CONTROLS, NON-DIABETy 
CLINIC PATIENTS AND DIABETIC CLINIC PATIENTS. MANY DIABETIEg 
HAVE BEEN REPEATEDLY EXAMINED OVER A PERIOD OF FIVE YEARS, — 
PLASMA GLYCOPROTEINS WERE ASSAYED BY ALCOHOL PRECIPITATION OF 
THE PROTEINS AND MEASUREMENT OF THE HEXOSAMINE, SIALIC ACID, 





FUCOSE AND NON=HEXOSAMINE POLYSACCHARIDE CONTENT OF THE PROTE) ED 


PRECIPITATE. COLLATERAL DETERMINATIONS OF THE PROTEIN, FREE 
FATTY ACID, CHOLESTEROL AND GLUCOSE LEVELS OF THE PLASMA Weng 
MADE. RESULTS SHOW THAT THERE 1S A SIGNIFICANT ELEVATION OF 
THE PLASMA GLYCOPROTEINS OF THE DIABETIC PATIENT ABOVE THE 
LEVELS IN NORMAL CONTROLS. HowEVveR, THE DIFFERENCE BETWEEN Ty 
DIABETIC AND NON-DIABETIC CLINIC PATIENT 1S SMALL. THE S1GNiF- 
ICANCE OF LONG-TERM GLYCOPROTEIN PATTERNS FROM INDIVIDUAL Dif 
BETICS WILL BE DISCUSSED IN RELATION TO THE DEVELOPMENT OF 
DEGENERATIVE VASCULAR DISEASE. SIMILAR GLYCOPROTEIN ASSAYS 
WERE MADE ON NORMAL, NATURALLY=DIABETIC, ALLOXAN=DIABETIC, Ap 
PITUITARY=DIABETIC DOGS. ALL DIABETIC DOGS SHOWED ELEVATED 
GLYCOPROTEINS. THE SIGNIFICANCE OF THE GLYCOPROTEIN PATTERNS 
IN THE DEVELOPMENT OF EXPERIMENTAL DIABETES WILL BE D1! SCUSSED, 
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Physiology 


THE GLUCOSE DEPENDENCE OF THE EFFECT OF INSULIN ON THE 
INCORPORATION OF AMINO ACID CARBON INTO TRICHLORACETIC ACID 
(TCA) PRECIPITABLE PROTEIN OF RAT ADIPOSE TISSUE. Bruce ¥, 
Carruthers* and Albert I. Winegrad*. George S. Cox Med. 
Research Institute, Univ, of Pennsylvania, Phila. 

Paired epididymal fat pads from rats starved 2h hours wr 
incubated in Krebs-HC03 buffer containing glycine-1, 2-clh 
(0.5 uW/ml) for 3 hours following an initial 20-minute 
pre-incubation. Pads from 6 animals were pooled for each 
experiment. Following chloroform-methanol extraction of the 
tissue, TCA precipitable protein was isolated (Wool, I.6.; 
Krehl, ¥.E.; Am. J. Physiol. 196:961-, 1959) without the 
addition of carrier protein. In the absence of medium glucom, 
insulin (0.1 u/ml) in vitro had no effect on the incorpora- 
tion of glycine carbon into protein. In the presence of 
glucose (1.0 uwW/ml) insulin increased glycine incorporation 
by approximately 65%. In the presence of insulin (0.1 u/m) 
the addition of glucose (1.0 wM/ml)increased glycine incorpor 
ation by approximately 100%. Similar results were obtained 
in experiments with L-Proline-U-Cll and L-Histidine-v-clh, 
Thus an effect of insulin on the incorporation of glycine, 
proline and histidine carbon into the protein of adipose 
tissue was only demonstrated when glucose was present in 
the medium. 

Supported by Grant No. A-3771 (USPHS). 











Physiology 


ROLE OF GLUCONEOGENESIS AND GLYCOGENOLYSIS IN RESPONSE TO 
INSULIN-INDUCED HYPOGLYCEMIA. A. Dunn, R. Steele,* 

N. Altszuler, J. S. Bishop,* and R. C. de Bodo. Dept. of 
Pharmacology, New York Univ. Sch. Med., N.Y.C., and Biology 
Dept., Brookhaven Natl. Lab., Upton, N.Y. 

Investigations, reported elsewhere (Bishop et al., this 
Fed. Proc.), demonstrate that glycogenolysis contributes sig- 
nificantly to recovery from insulin-induced hypoglycemia in 
normal dogs. Further studies showed that dogs depleted of 
liver glycogen by prolonged fasting (9-11 days) or extensive 
phloridzination were still able to respond to insulin-induced 
hypoglycemia by increasing hepatic glucose production. In 
these animals glucose production increased during the course 
of insulin infusion but did not increase further upon termim 
tion of the infusion. In contrast, in dogs with ample liver 
glycogen, although hepatic glucose production increased 
during the insulin infusion, a further increase occurred upel 
termination of the infusion. This further increase has beel 
presented earlier as evidence for a restraining effect of 
insulin on hepatic glucose production (Dunn et al., Nature 
168: 230, 1900). The tentative view is advanced that both 
glycogenolysis and gluconeogenesis can be increased in res- 
ponse to hypoglycemia and that insulin exerts no restraining 
effect on the hepatic glucose production originating via 
gluconeogenesis. 
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Physiology 


INSULIN ON FROG GASTRIC MUCOSA, W. Rehm, H. Schumann* and E. 
feing; Univ. of Louisville and Goethe Univ., Frankfurt, 
— ‘ 


Mucosae were placed between Ringers on nutrient side (N) 
and 0.12M NaCl on secretory side (S) with 95202 - 5%C02 on 
poth sides. Fluids were recirculated with high velocity jets 
ispinging on gastric surfaces. Secretion was stimulated by 
410°5M histamine (H) and Ht secretory rate (SR) was measured 
yith pH stat. Short circuit current (I) and PD (circuit 
nomentarily opened) were measured. During secretion with 
glucose and H in Ringers, insulin (26 units/mg) added to N 
increased PD and I and slightly decreased SR. Insulin also 
increased PD and I in the following conditions: (a) glucose 
in N, no H and zero SR (b) glucose in N, no H and spontaneous 
secretion (c) no glucose in N, no H and zero SR (d) no 
glucose in N, no H and spontaneous secretion. In every 

riment (total=23) the PD and I increased, averages are 
28%, and 27% respectively. Maximal effect was obtained with 
0.1 ugm./ml. Minimum latent period was 2.5 min. (that of H 
is 15 sec.). Preliminary work indicates effect is on Cl 
pump since effect is (a) observed with MgClo on § and with 
HO, free fluid on Nand (b) is not observed when S04 
replaces C1™ on both sides. Effects not due to glucagon 
contamination of insulin unless sensitivity of mucosa to 
glucagon is much greater than that of other tissues. (NIH 
and NSF support.) 


Physiology 


TRANSPORT OF SUGARS ACROSS RAT DIAPHRAGM; ACTION OF INSULIN. 
G, Ungar and S. Psychoyos *. Department of Pharmacology, 
+9 Vitamin and eta enical Corporation, New York. 

The procedure of using isolated, surviving rat diaphragm 
as a phase boundary (Fed. Proc., 19:13, 1960; S sium 
on Membrane Transport and Metabolism, Prague, 1960), has 
been applied to the study of sugar transport. Diffusion of 
glucose across the diaphragm from sugar-containing into 
sugar-free Ringer's solution is decreased by insulin, 
aoxia and electrical stimlation of the phrenic nerve, 
and increased by epinephrine and 2,l-dinitrophenol. 
Galactose is transported more freely than glucose and its 
diffusion is also decreased by insulin and increased by 
DP, These results can probably be interpreted in many 
ways but they suggest that insulin (and other agents 
influencing uptake of sugars by mscle) may act by control- 
ling intracellular binding sites, solvent space or other 
fattors influencing mobility of the molecules in the cell, 
rather than the permeability properties of the plasma 
membrane. This interpretation is supported by the con- 
figurational changes observed in proteins of muscle treated 
with insulin (Nature, 183:49, 1959). 


Biochemistry 


° 

ADIRECT EFFECT OF INSULIN ON LIVER. M. E. Krahl and J. C. 
Penhost, Dept. of Physiology, Univ. of (.icago, Ill. 

ther insulin can act directly upon liver has been de- 
ted. Krahl's results (Rec. Prog. Hormone Res. 12, 199,1956) 
suggested that normal liver is essentialiy saturated with in- 
silin, and that effects of insulin on liver may be best shown 
wder conditions of mild insulin depletion, before severe di- 
thetes develops. This has now been tested by incubating with 
insulin slices from livers of partially depancreatized rats, 
Inorporation of leucine-1-C/4 into protein was measured (loc. 
tit.), Radioactivity incorporated, as cpm. per mg. protein 
Per 2 hrs was (mean > S.E.): For liver slices from 8 fasting 
(2h hr) control rats in Krebs-bicarbonate solution without 
glucose, 30517; with 200 mg. % glucose, 32310; with 0.01 
wit insulin per ml., 331415; and with glucose plus insulin, 
W9t17, For livers from 8 fasting rats partially depancreatiz- 
ed 3 months previously the corresponding values were 233*15; 
29812; 2752175 and 369%12. Insulin and glucose together thus 
fave 67 per cent stimlation in the diabetic series. The de- 
crease in incorporation became greater as time after partial 
Mtcreatectomy increased up to 6 months; the stimulation by 
insulin in presence of glucose was optima] at 3-l, months. It 
is concluded that insulin can act directly on liver slices; 
Tesults of others will be considered relative to the severity 
of diabetes. 
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Biochemistry 


INSULIN STIMULATED INCORPORATION OF TRYPTOPHAN INTO CELL FREE 
MUSCLE HOMOGENATE. Samuel P. Bessman and 5 a 
University of Maryland School of Medicine, > Maryland. 

1 to 5 isotonic sucrose homogenates of pigeon breast muscle 
are centrifuged at 1000 G for 5 minutes. The cell free super- 
natants are incubated with tracer in .03 M 
phosphate, followed by TCA precipitation of protein, washing, 
solution in NaOH, reprecipitation, and repeated ether-alcohol 
extraction. The tryptophan is incorporated into the peptide 
chain, for less than 3% of the radioactivity of the protein is 
soluble in ether after treatment with dinitrofluorobenzene and 
hydrolysis. Insulin, 1 - 8 units/ml., increases incorporation 
30 = 200%. This effect can be diluted out with non-radioactive 
tryptophan and can be partially inhibited by cyanide or dinitr- 
phenol. The effect is linear with time and boiled or alkali 
inactivated insulin has no effect. The addition of ATP, ADP, 
DPN, tricarboxylic acid cycle intermediates or glucose has no 
effect. 


Biochemistry 


HEPATIC GLYCOGENOLYSIS FOLLOWING INSULIN HYPOGLYCEMIA. 
J. S. Bishop,* R. Steele, N. Altszuler,* A. Dunn,* and R. C. 
de Bodo.* Dept. of Pharmacology, New York Univ. Sch. of Med., 
N.Y.C. and Biology Dept., Brookhaven Natl. Lab., Upton, N.Y. 
Previous studies have shown that during insulin infusion 
hepatic glucose production increases and that a further 
increase occurs upon termination of the insulin infusion. 
The present studies were undertaken to investigate the source 
of this increased glucose production. Serial liver samples, 
collected by percutaneous needle biopsy over a 3-5 hr period 
in 17 hr fasted, trained, unanesthetized dogs, revealed that, 
whereas in control studies liver glycogen decreased only 
slightly, a greater decrease in glycogen level occurred 
following insulin hypoglycemia. Liver glycogen was tagged 
with cl4 by infusion of a labeled precursor following glyco- 
gen depletion by prolonged glucagon infusion. 17 hrs later 
the glycogen level was still over 5%; and its specific activ- 
ity was about three times that of the plasma glucose. Thus, 
increases in the rate of glycogenolysis could cause incrcases 
in plasma glucose specific activity. Such an increase was 
observed following insulin administration, supporting the 
evidence from glycogen determinations that a significant part 
of the extra glucose output evoked by hypoglycemia comes from 
liver glycogen. 


Biochemistry 


EVIDENCE FOR TWO FORMS OF UDPG GLYCOGEN TRANSGLUCO- 
SYLASE ACTIVITY IN MUSCLE, M, Rosell-Perez and 

. Western Reserve Univ. School of Med., 
Cleveland, Ohio. 

Insulin-mediated stimulation of UDPG glycogen 
transglucosylase in absence of added G-6-P has been 
reported. When fully stimulated with G-6-P, enzyme 
activities of control and insulin extracts did not 
differ (V. — . B 
Acta 29, 171, 1960). Further experiments indicate 
that stimulation occurs without added glucose in the 
medium, This led to studies of stimulation of puri- 
fied enzyme by G-6-P and Mgt*. Measurement of UDPG 

and Vm under different conditions, j.e., incuba- 
tion with EtSH, purification after ultra-centrifuga- 
tion, and recombination of enzyme activities, sug- 
gest two different enzyme activities in muscle. 1/v, 
1/8 plot for UDPG without G-6-P or Mg** gives a 
curved instead of straight line. Change in ratios 
of activity + G-6-P/-G-6-P and + Mg’ /-Mg**? can be 
explained by existence of two forms, one active in 
absence of G-6-P stimulated by Mg**, 1-3 X 1075 M; 
the other, G-6-P dependent, Km 5 X 107-4 M, Vm 8. 
UDPG concentration, presence of metals, and enzyme 
state explain Vardatl che in G-6-P response. 
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143 ENDOCRINES—Parathyroid 
Physiology 


PREVENTION BY STRESS OF A CUTANEOUS CALCINOSIS ELICITED BY 
DIHYDROTACHYSTEROL. * and - Institut 
de Médecine et de Chirurgie expérimentales, Univ. Montreal, 
Canada. 

A cutaneous calcinosis with sclerosis had been produced 
previously in rats treated during the first few days of life 
with parathyroid hormone or with dihydrotachysterol (DHT), a 
vitamin-D derivative that closely imitates parathyroid hormone 
in its pharmacologic properties. In adult rats, the same 
lesion can be produced at will in predetermined regions of the 
skin if, one day after a single injection of 1 mg. DHT, the 
selected cutaneous area is lightly traumatized by epilation. 
Exposure to the stress of forced restraint, during the 24 
hours immediately after or before the DHT injection but prior 
to epilation, prevents the cutaneous lesions as well as the 
cardiovascular calcification produced by DHT overdosage. This 
prophylactic effect of stress is ascribed to the phenomenon of 
nonspecific cross-resistance. Attention is drawn to the fact 
that the time factor is important; under different experi- 
mental arrangements, stress can also aggravate the lesions, 
(Supported by U.S. Army Contr. DA=49-193-MD-2039; Can. Heart 
Found., and Strasburger Mem, Med. Found.). 


Physiology 
EFFECTS OF SODIUM CHLORIDE ACIDOSIS ON PARATHYROID FUNCTION. 
Roy V. e, Rice University, Houston, Texas. 

Parathyroid activity has been described as the control of 
the process by which calcium is returned from bone to body 
fluids against a concentration gradient. This is based on the 
hypothesis that in parathyroidectomized animals, ionic calcium 
of body fluids is controlled primarily by physico-chemical re- 
lationships between fluids and bone surfaces. The equilibrium 
level is considered to be represented by a plasma calcium value 
of about 7.0 mg./100 ml. ‘These studies were done to determine 
if this basic level would be altered by acidosis brought on by 
use of isotonic NaCl. Results from nephrectomized rats lavaged 
with a buffered, calcium-free solution were compared to those 
taken from experiments utilizing only isotonic saline and 
glucose. The pH of the fluid removed during the eight hours of 
continuous lavage in the NaCl washed animals gradually dropped 
to 7.1. The following differences were noted as a result of 
acidosis: 1) In parathyroidectomy, as the pH of the peritoneal 
fluid dropped, the calcium level of the fluid rose. 2) In con- 
trol rats the same trend was dbserved but the groups were not 
significantly different. 3) The removal of recently injected 
radiocalcium by peritoneal lavage was similarly affected by 
the pH drop. 4) Preliminary data indicated magnesium levels to 
be increased in acidosis. These data are considered to be in 
support of the hypothesis that a physico-chemical relationship 
between bone and fluid is the basis of calcium metabolism. 


Pharmacology 
PHOSPHATE EXCRETION BY PARATHYROIDECTOMIZED DOGS FOLLOWING , 
INTRARENAL INFUSION OF PARATHYROID HORMONE, Philip F, Hirsch, 
Geraldine L, Monti, and Paul L. Munson. Biological Research 
Labs., Harvard School of Dental Med., and Dept. of Pharmacol- 
ogy, Harvard Med. School, Boston, Mass. 

Purified parathyroid hormone was infused continuously into 
the left renal artery of thyroparathyroidectomized dogs. Phos- 
phate excretion, glomerular filtration rate, and effective 
renal plasma flow of each kidney were determined before and 
during hormone administration. A minute amount of hormone 
(<0.6 unit) in 5 to 10 minutes produced phosphaturia on both 
sides. The excretion of phosphate by the right kidney rose in 
a manner similar to that by the infused left kidney. From 
experiments in which parathyroid hormone was infused into one 
renal artery of intact dogs Pullman et al. (Endocrinology 67, 
570 (1960)) concluded (1) that the hormone produced phospha- 
turia by depressing net phosphate reabsorption by the renal 
tubule, and (2) that the hormone acted directly on the kidney. 
Our results with parathyroidectomized dogs support conclusion 
(1). But our observation of a rapid and comparable phospha- 
turia from both kidneys following infusion of a small amount 
of hormone into one renal artery encourages further investiga- 
tion of conclusion (2). (Supported by a grant (A-1787) from 
the Nat. Inst. of Arthritis and Metabolic Diseases) 
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Pharmacology 


PROTECTION BY LATE PREGNANCY AGAINST ACUTE HYPERPARATHYR' 


David Lehr and Marilyn Krukowski.* Dept. of Physiol. and Phay, 
N.Y. Med. Coll., Flower-Fifth Avenue Hosps., New York City,= 
Adult female albino rats, injected twice daily, s.c. with 
150 USP.U. of Parathyroid (PT), develop marked hypercalcemig 
and terminal hyperphosphatemia and usually succumb within 3 
days with signs of depression, anorexia and respiratory diff). 
culty. Every one of 17 rats so treated manifested severe cal. 
cinosis of kidneys and myocardium. Rats in the first or secoy 
week of pregnancy exposed to identical amounts of PT, 
bly showed a picture of hyperparathyroidism indistinguishable 
from the one outlined above for nonpregnant littermates. Lats 
pregnancy (3rd week), on the other hand, provided remarkable 
protection against excess PT. At this stage, most rats sur- 
vived the PT injection period in good physical condition, 
Hypercalcemia was transient and there was no hyperphosphatenis, 
Of 15 rats in the late pregnancy group only 2 exhibited ad- 
vanced cardiorenal injury. In all others nephrocalcinosis wag 
mild and myocardial necrosis was absent. Protection against 
excess PT is believed to involve the presence of the conceptiy, 
since it could no longer be elicited post partum. Studies 
designed to explore the possible importance of placental, feta 
and ovarian factors in the mechanism of protection are at 
present in progress. (Aided by grant No. H-890(C10) from the 
National Heart Institute, Public Health Service.) 


Pharmacology 
INFLUENCE OF ACUTE HYPERPARATHYROIDISM OF PREGNANT RATS UPON 
THEIR CONCEPTUS. * and David Lehr. Dept. of 


Physiol. and Pharmacol., N.Y. Medical College, Flower and Fifth 
Avenue Hospitals, New York City. 

Rats in the first and second week of gestation developed 
severe myocardial necrosis and nephrocalcinosis when exposed to 
excess Parathyroid hormone (PT), whereas late pregnancy (3rd 
week) provided marked protection against the sequelae of acute 
hyperparathyroidism (see Lehr & Krukowski, this issue). In 
control pregnant rats, the unborn offspring were hypercalcemic 
(15-18me%). After birth, serum Ca levels rapidly declined to 
the normocalcemic range of the mother or dropped substantially 
below it. Excised fetuses, allowed to breathe spontaneously, 
manifested the same decline of serum Ca. Under excess PT ad- 
ministration in late pregnancy, serum Ca levels of fetuses re- 
mained unaffected. Likewise no substantial deviations from th 
physiological serum Ca changes were noted in litters born to 
acutely hyperparathyroid rats. Lack of close correlation of 
serum Ca values between fetuses and expectant mothers, physit- 
logically and under the influence of excess PT, points to 
selective permeability for Ca at the placental barrier. No 
conspicuous retardation or abnormality in the development of 
the conceptus was noted under the influence of excess PT in 
late pregnancy. (Aided by grant No. H-890(C10) from the 
National Heart Institute, Public Health Service.) 


Pathology 


PARATHYROLD HORMONE SECRETION RATE DETERMINATION BY SUBSIIIV- 
TION TECHNIQUES. B. N. Premachandrg* and H. T. 
Institute of Exper. Pathology, Jewish Hospital, St.Louis, Mo. 


The influence of the parathyroid on kidmey, bone and 
lactation is well recognized; however, up to the present 
time a technique has not been available for the determine- 
tion of Parathyroid Hormone secretion rate. A substitutia 
technique was therefore developed that involved the subcuts 
neous or intraperitoneal injection of graded amounts of 
parathyroid hormone in thyroparathyroidectomized Ca? ine 
jected rats. While serum calcium was determined in groups 
of rats Galt activity was followed in individual animals. 
The anount of parathyroid ho necessary to prevent the 
decline of serum calcium and Gaus content in serum after 
thyroparathyroidectomy was assumed to be the parathyroid 
hormone secretion rate. Preliminary investigations revealed 
a fairly good correlation between radioactive and chemical 
methods and 30-70 USP units of parathyroid hormone/100 g 
body weight were required by the above mentioned techniquw 
in a local strain of rats for satisfactory parathyroid re» 
Placement. 

(Supported by the Monheimer Memorial Fund) 
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Physiology 
HE EFFECTS OF NEUROHYPOPHYSIAL HORMONES ON URINARY ELFCTRO- 
[ys EXCRETION IN CONSCIOUS DOGS. Wah-Yip Chan* and Wilbur 
. Dept. Pharmacology, Columbia Univ. College of 
4ans and Surgeons, New York. 
vasopressin, 0.25 mU/kg, has a consistent natri- 
wetic effect in dogs during water diuresis, while at low 
flows its natriuretic action is usually absent. Oxy- 
tocin, 67 mU/kg, produces natriuresis in dogs only at low 
wine flows. Comparative studies on these two neurohypophy- 
gsial hormones and two synthetic analogues, arginine vasotocin 
(8-arginine oxytocin) and oxypressin (8=leucine vasopressin) 
showed that arginine in the 8-position is important for the 
natriuretic activity of arginine vasopressin. Substitution of 
isoleucine for phenylalanine enhanced the natriuretic activ- 
ity of arginine vasopressin relative to its antidiuretic ac- 
tivity. In other experiments, arginine vasopressin was in- 
fused intravenously at 15-20 mU/hr. into hydrated dogs for 2= 
3hours. Antidiuresis persisted throughout the infusion while 
natriuresis did not. The antidiuretic and natriuretic actions 
of vasopressin are, therefore, distinct. Oxytocin, 6-7 mU/kg, 
injected into hydrated dogs during vasopressin infusion pro- 
duced transient natriuresis. This suggests that a certain 
level of vasopressin in the circulation is necessary before 
can exert a natriuretic action. (Supported in part 
by a grant from the Lowell M, Palmer Foundation.) 


Physiology 


ACUTE REDUCTION IN FXTRACFLLULAR FLUID VOLUMF AND VASOPRFSSIN 
SFCRFTION. Leonard Share. Western Reserve Univ., Cleveland. 
A study has been made of the effect of a reduction in ex- 
tracellular fluid volume (ECFV) by peritoneal lavage with a 
hypertonic solution on the concentration of vasopressin in 
jugular vein blood in the dog. Vasopressin was isolated from 
blood by extraction with trichloracetic acid, followed by col- 
um chromatography with the resin, XF-64. This procedure per- 
nits the concentration into a small volume of the vasopressin 
contained in a large volume of blood and lends considerable 
specificity to the bioassay. Vasopressin was assayed by a 
modified rat antidiuretic assay. The hypertonic lavage solu- 
tion had an electrolyte composition similar to that of inter- 
stitial fluid and a glucose concentration of 10%. Twenty min- 
utes after the start of lavage the concentration of vasopres- 
sin in jugular vein blood had increased six-fold and the FCFV 
was reduced by 15%. The plasma osmolality was increased by 
5% as the result of the influx of glucose from the lavage sol- 
ution. However, the increased blood concentration of vaso- 
pressin was apparently not the result of the increased plasma 
osmolality. “hen the plasma osmolality was elevated to a sim- 
ilar extent by the intravenous infusion of a hypertonic glu- 
cose solution, the concentration of vasopressin in jugular 
vein blood was not affected. Thus, it is concluded that acute 
reduction in FCFV results in increased secretion of vasopressin. 


Physiology 
° 


ISOLATION AND CHARACTFRIZATION OF VASOPRFSSIN CONTAINING PART- 
ICLFS, Howard Weinstein,* Sasha Malamed and Howard Sachs.* 
Vestern Reserve Univ. School of Med., Department of Physiology 
Cleveland, Ohio, and Albert Finstein College of Med.,N.Y. 

Differential centrifugation of dog hypothalamic or neuro- 
hypophysial homdgenates in 0.4 or 0.8 M sucrose yields a par- 
ticulate fraction containing relatively little RNA but rich in 
both pressor activity and cytochrome oxidase. Separation of 
the cytochrome oxidase from the pressor activity in this par- 
ticulate fraction was achieved by means of density gradient 
centrifugation methods. The maximum concentration of vaso- 
Pressin was always associated with the more dense material. 
Similar findings were obtained with either hypothalamic or 
neurohypophysial homogenates. Vasopressin containing parti- 
cles isolated by isopycnic density gradient centrifugation 
have been studied with respect to their morphologic, chemical 
and enzymic properties. Data dealing with the manner in which 
vasopressin is contained within and released from these parti- 
cles will be presented. (Supported by grants from AFOSC No. 
AF 49(638)-764 and from USPHS (No. A2650). 
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Physiology 
LIBERATION OF ANTI-DIURETIC HORMONE FROM THE NEUROHYPOPHYSIS 
FOLLOWING HYPOTHALAMIC STIMULATION IN THE DOG, H,S, Fang* and 
S,C, Wang. College of Physicians and Surgeons, Columbia Univ., 
New York City, 

Mongrel dogs of 10 to 14 Kgm body weight were anesthetized 
with chloralose, Hydration was maintained with continuous in- 
travenous administration of hypotonic saline (.45% solution). 
Urine was collected from the cannulated ureters and flow was 
recorded with a Palmer drop counter, Co-axial electrodes were 
introduced into the hypothalamus with the aid of a Lab-tronics 
stereotaxic instrument, The stimulating current was supplied 
by a Grass Model ShC stimulator (5 volts, 50/sec., and 2.5 
msec, in duration), Following hypothalamic stimulation, anti- 
diuresis was observed in 2 phases: an acute phase due to neu- 
rally induced sympathetic vaso-constriction and a delayed 
phase presumably due to liberated neurohypophysial hormone, 
The latter response has a latency of 1-2 min, and duration of 
action of 15-30 min, The maximum response is a reduction in 
urine flow from 2-4 ml/min, control to less than 1 ml/min, 
This anti-diuretic action is equivalent to that obtained fol- 
lowing intravenous administration of 30 mU of Pitressin, The 
region most responsive to stimulation was found to correspond 
to the paraventricular and supra-optic nuclei, and their im- 
mediate vicinity. (Supported in part by USPHS Grant B31C) 


Biochemistry 


TRITIATION OF VASOPRESSIN FOR ANTIDIURETIC ACTIVITY STUDIES, 
C.T.O. Fong*, &. Silver*, I.L. Schwartz* and D.R. Christman*. 
Brookhaven National Laboratory and New York University School 
of Medicine, N. Y. 

Vasopressin was tritiated by a modified Wilzbach method 
using an electric discharge. The procedure consisted of 
evacuation of the cell containing arginine vasopressin and the 
introduction of one to two curies of tritium gas. An electric 
discharge of about 1500 wolts AC was applied for several hours. 
Repeated lyophilization of the tritiated hormone was carried 
out to remove labile tritium. Purification was achieved 
through chromatography on a long CM cellulose column with 
gradient elution. The column chromatography was repeated 
until the radioactivity peak paralleled the protein peak. The 
tritiated hormone was generally of high specific activity 
(25-400 yc/mg) and retained full biological activity (about 
400 units/mg). Yields varying from 10 to 25% were obtained. 
(Supported in part by the National Science Foundation and the 
U.S. Atomic Energy Commission.) 








Biochemistry 


VASOPRFSSIN BIOSYNTHFSIS I1, IN VIVO STUDIFS. Howard Sachs, 
Howard Weinstein* and F. S. Redgate.* Western Reserve Univ. 
School of Med., Department of Physiology, Cleveland, Ohio. 

In order to study the path of vasopressin from biosynthe- 
sis, to storage, to release, it was necessary to first define 
the nature of vasopressin within the cell and secondly, to de- 
vise a test system and isotope methods amenable to such in- 
vestigations. Physiological and morphological studies have 
indicated that intracellular vasopressin is largely contained 
within neurosecretory particles. By means of differential and 
density gradient centrifugation procedures, these neurosecre- 
tory particles (contained in homogenates of dog hypothalamic 
and neurohypophysial tissue) have been isolated, purified and 
characterized. The distribution of vasopressin among a number 
of other cell organelles was also studied. Subsequently, the 
specific activity of $35-labelled vasopressin associated with 
the various cell fractions was determined after relatively 
short term incorporation experiments. Fxtensive labelling of 
the vasopressin fractions was achieved by the use of highly 
labelled, $35 cysteine (prepared biosynthetically) which was 
infused directly into the third ventricle of the dog. Fach 
labelled vasopressin fraction was purified to constant speci- 
fic activity by a variety of ion exchange and degradative 
procedures. (Supported by grants AFOSC No. AF 49(638)-764 
and USPHS (No. A2650) .) 








Pharmacology 


NATIVE STATE OF THE OXYTOCIC HORMONE IN THE POSTERIOR PITUITARY 
GLAND. E, Smith and Morris Rosenfeld. Johns Hopkins 
University School of Medicine, Baltimore, Maryland. 

Earlier studies on sedimentation in the ultracentrifuge in- 
dicated that the oxytocic hormone in its native state resides 
in the gland as a large molecular species. The present study, 
utilizing chromatographic analysis, corroborates the large 
molecular state of the natural hormone and further, reveals a 
new oxytocic unit of a molecular size intermediate between the 
octapeptide and the van Dyke protein. Application of dialyzed 
press-juice to a CM-cellulose column preceded gradient elution, 
with pH increasing from 6.0 to 7.5 and NaCl increasing from 0 
to 0.5 M. Three discrete zones of oxytocic activity appeared 
in the chromatogram. Measurements on the rate of transfer of 
activity across a cellophane membrane under pressure filtration 
provided an estimate of molecular size. Peak 1 material, 80%- 
90% of total activity, filtered at the slow rate of a protein; 
peak 2 activity, 10% of total, traversed the membrare at the 
same rapid rate as synthetic octapeptide; peak 3 activity ex- 
hibited an intermediate filtration rate. Peak 2 octapeptide 
may be generated in the column by dissociation of peak 1 pro- 
tein. The peak 3 material seems to be a natural constituent 
in the gland. (Supported by Grant No. A-4077, U.S. Public 
Health Service). 
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Physiology 


GLYCYRRHETINIC ACID ON THE RESPONSE OF THE FEMALE REPRODUCTIVE 
TRACT TO SEX STEROIDS. Shir D. Kraus. Research Inst., 
Brooklyn College of Pharmacy, L.1I.U., oklyn, N.Y. 

Glycyrrhetinic acid had been reported to antagonize the 
uterotrophic response to exogenous estrogen in both intact and 
adrenalectomized immature rats. The present study was under- 
taken to determine whether the estrogen antagonism was limited 
to the uterus and/ or was dependent upon gonadal inhibition. 
The effect of glycyrrhetinic acid on the uterotrophic response 
to testosterone, progesterone and gonadotropins was also 
determined. Glycyrrhetinic acid was equally effective as an 
antihysterotrophic agent in ovariectomized rats as in intact 
rats. The antagonism was not limited to the uterus since 
inhibition of vaginal estrus occurred when the G. A. to E. B. 
ratio was 5x the minimm antihysterotrophic ratio, It had no 
effect on the response 2»f the uterus to other exogenous 
steroids nor to PMS, Large doses of glycyrrhetinic acid 
significantly augnented the uterotrophic response of the 
female parabiont recipient with no effect on the ovarian 
weight response, It is felt that the antagonism of exogenous 
estrogen may be due to interference with its absorption or 
metabolism and the augmentation of the response to endogenous 
estrogen in parabionts may be due to the pituitary-adrenal 
inhibition produced by prolonged treatment with glycyrrhetinic 
acid, (Supported in part by PHS grant A-3599 ). 


Physiology 


EFFECT OF THYROXINE ON EXPERIMENTAL MAMMARY GLAND GROWTH. 
Richard C. Moon.* Department of Physiology, University of 
Tennessee, Memphis. 

Recent studies have indicated that the degree of mammary 
gland growth may be influenced by hormones that affect the 
metabolic state of the animal but do not possess mammogenic 
activity per se. Since thyroxine is such a hormone, it was 
of interest to determine the effect of graded levels of this 
hormone upon the degree of mammary lobule-alveolar develop- 
ment. Groups of adult ovariectomized rats received daily 
sube. injections of 2ug estradiol-benzoate(EB) and 6 mg pro- 
gesterone alone or in combination with 0.5, 1.0, 1.5 or 2.0ug 
1-thyroxine/100g for 19 days. In addition, each animal re- 
ceived .025% tapazole solution instead of drinking water be- 
ginning 10 days prior to the initiation of the hormone injec- 
tions. Total deoxyribonucleic acid (DNA) of the abdominal- 
inguinal glands was used as an index of mammary gland cellular 
proliferation. Mammary gland DNA of rats receiving thyroxine 
was 15-27% greater than that of animals receiving EB, P and 
tapazole but a typical dose-response relationship was not 
evident. Animals of all groups exhibited well developed al- 
veoli. Although the thyroid hormone is not essential for 
mammary gland growth, it may be a factor in determining the 
responsiveness of the mammary gland to mammogenic hormones. 
(Supported by a grant from USPHS. ) 
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Biochemiay 
STEROID HORMONE AND DIETHYLSTILBESTROL EFFECTS ON THE Ox?” , 
TION OF RETINENE [VITAMIN A, ALDEHYDE (ALL TRANS).] T.D 
and Y.J. Topper. Natl. Insts. of Health, Bethesda, Md. - 
A DPN-linked aldehyde dehydrogenase present in the pre 

tate obtained between 40 and 60% (NH,) SO, saturation of the 
soluble fraction of rabbit liver has been reported to be sem 
tive to steroid hormones [Maxwell, E. S. and Topper, Y. J, — 
J. Biol. Chem. (in press)]. Retinene is oxidized irreve 
to vitamin A acid by this enzyme with a stoichiometric redug 
tion of DPN. The Km for retinene is 1.3 x 1076 M and that 
for DPN is 1 x 10°59 M. Stilbestrol at 1075 M increases the 
for retinene to 7 x 1076 M without changing the Km for DPN, 
At retinene concentrations greater than 3 x 1076 M Stilbestzg) 
stimulates, but at lower concentrations it inhibits the oxig 
tion. With saturating levels of substrate the V max. for 
propionaldehyde, DL-glyceraldehyde and retinene are in the 
approximate ratio 7:3:2, while the corresponding % stilbestz] 
stimulations are in the approximate ratio 10:6:5. Cortisone, 
estrone and dehydroisoandrosterone stimulate to a lesser ex 
tent. Progesterone, testosterone and androsterone at 10-44 
inhibit the reaction at all concentrations of retinene. Pre 
gesterone increases the K, for retinene to 2.3 x 1076 M and 
decreases the V max. by about 30%. The biological activity 
of vitamin A acid [Nature, 158, 60 (1946)] enhances interest 
in hormonal regulation of its formation. 







































Pharmacology 
EVIDENCE FOR "PUMPSTOFFE" IN HUMAN RED CELLS. J.B. Kahn,drs, 
Dept. Pharmacol., U. Cincinnati Med. Coll.,Cincinnati 19,0. 
Experiments testec the hypothesis that cold-stored cells 
imcubated in plasma in which they had been stored would gain 
more K than would similar cells incubated in plasma which had 
not gained a diffusible factor importart to K entry (Kahn,J,8, 















J.Pharm,Exp.Therap. 123:263,'58). Fresh blood was mixed with be 
anticoagulant and glucose. Two-thirds was cold-sto:ed with m we 
further treatment; one-third was centrifuged, cells discarded, 
and the plasma (I) cold-stored. After 6 days, the larger ale m *°°* 
quot was divided in half, ne half (II) was used without fur aus 
ther treatment. The other half was centrifuged, its plasma == 
discarded, and ité cells washed with, then suspended in,plasm ome 
I, making reconstituted bleod (III). KCl was added to III eT 
bring its Xp to that of II, and Kli2 was added to both just be p 

fore incubation, II and III had similar pi, Kp, Kc, and or 
NYourly samples were taken for determination of Het, Kn, , ou 
and whole blood K. Over the first hour, II cells regaine of ¢ 


more than twice as much K as did III cells. After this, rates 
of K entry were similar. Findings are consistent with the dual 
view that during cold-storage, something important to K entry Fw 
leaves the cells and enters the plasma. This factor may bea 


phospholipid (Lovelock, J.R.,Nature 173:659,'54). (Supported 7 
by P.H.S. Grant H-1506-06, and Life Insurance Medical Researt ‘ 
Fund Grant G-57-3.) st 
Pathology 
VARIATIONS IN PAPER CHROMATOGRAPHIC PATTERNS PRODUCED FROM MET 
CRUDE VAGINAL FLUIDS OF M. MULATTA INJECTED WITH SEX HORMONES AM 
W. M. Berton Inst. of Pathology, Univ. of Tenn., Memphis na 


Variations in the components separable from crude vaginal Med 
fluid by paper chromatography have been reported for both 
human (Berton,W.M., Fed. Proc. 16:351) and animal (Berton,Welb Bore 
Fed. Proc. 18:469) subjects. This work suggested that the al- ste 
terations in chromatograms were subject to hormonal influences the 


on the female genital tract. The four M. mulatta used in the in 
previous animal experiment were given injections of estrone par 
(Theelin,P.D.&Co.), progesterone (Lipo-Lutin,P.D.&o.), and @ pl 
peanut oil blank. Samples of crude vaginal fluids were chro- ant 


matogrammed, cultured and examined cytologically at weekly it- an 
tervals. The ninhydrin positive chromatographic patterns were vel 
again of special interest. It would appear that both sex hor- tr 


mones tend to depress the separable material, somewhat dif- hi 
ferentially the previously described high component chrometoe of 
graphically identified as a leucine-isoleucine complex. The wa, 


depression of the high component appeared more marked with the in 
administration of estrone, Progesterone effect in addition 
tends to produce e blurred chromatogram with relatively poor ne 
separation of individual components. The presence of small 
amounts of blood in the vaginal fluids did not remarkably 
alter the general characteristics of the chromatograms. 
(Supported by a grant from the U.S.P.H.S. CS9491) 
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Physiology 





iN VITRO PROGESTERONE METABOLISM BY AVIAN TESTICULAR TISSUE 
MOGENATES. H. Richard Fevold* and Kristen B, Eik-Nes. Dept. 
of Biochemistry, Univ. of Utah, Salt e City, Utah. 

The pathway of androgenic steroid hormone biosynthesis from 
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progesterone is well established in a variety of mammalian 


the English sparrow (Passer domesticus). Cell-free testis 
tissue homogenate equivalent to 100 mg. wet weight of tissue 
yas incubated in Krebs-Ringer phosphate buffer, pH 7.4, with 
progesterone-y=C substrate at 41° C under 95% 02=5% CO 
atmosphere. Metabolites isolated and identified were l-preg- 
nen-20d-cl-3-one, -pregnen-20B-ol-3-one, 4-pregnen=17a, 20a~ 
diol-3-one, h-pregnen-17a,20P=diol-3-one, 17a-OH-progesterone, 
},17-androstenedione, and testosterone. Two polar metabolites 
yiich appear to be 20a and 20P reduced progesterone with a 
second acetylable hydroxyl in the ring have also been isolated, 
The main pathway of progesterone metabolism is through 17a=CH- 
progesterone to androstenedione and testosterone. The system 

s TPN and fumarate for optimal activity. DPN.and ATP 
vill not substitute for TPN. It is concluded that avian tes- 
ticular tissue possesses the enzyme systems necessary to 
synthesize androgenic steroid hormones by the same pathway 
established in mammalian testicular tissue. In addition the 
avian tissue contains the 20a and 20f reductases in significant 
amounts. These enzymes appear to function merely to reduce the 
excess progesterone. 








Physiology 


EFFECT OF NITROGEN ON TESTOSTERONE STIMULATION OF RESPIRATION 
IN BUGLENA Ds Be Buetow’ and Bs H, Levedahl". Gerontology 
Branch, Nat'l Heart Inst., Bethesda, Baltimore City Hospse, 
Baltimore, Md. and Dept. of Zoology, Univ. of Calif., 
Los Angeles, Calif. 

The addition of 0.1 xg testosterone/ml to the defined 
growth medium of the streptomycin-bleached free-living flagel- 
late protozoan, Euglena gracilis var. » results in an 
accelerated growth rate for this organism (Arche Biocheme Bio- 
phyge, 1960). Also, cells grown in the presence of 2.0 
or 0.1 4g testosterone/ml maintain a total protein content per 
average cell higher than that found in cells grown in the a 
sence of testosterone. The respiration rate (i-ee, A4L02/10 
cells/hr) of Euglena in the presence of the above concentra- 
tions of testosterone is 120% and 114%, respectively, of the 
control lacking the steroid. The same observation obtains 
vhether or not the cells were previously grown in the presence 
of testosterone. Further, the increased respiration rate of 
Eugleng in the presence of testosterone is dependent upon the 
presence of a nitrogen sourcee The testosterone "effect" is 
reduced to 104% and 105% of the control, respectively, when 
nitrogen is absent from the respiration medium and is restored 
to 117% and 112% of the control, respectively, when nitrogen 
is re-introduced into the medium. 


Biochemistry 

METABOLISM AND LOCALIZATION OF HIGHLY RADIOACTIVE 
ANDROSTENEDIONR IN THE RAT. W.H. Pearlman and M.R.J. Pearl- 
man.* Depts. of Biological Chemistry and of Surgery, Harvard 
Medical School and Peter Bent Brigham Hospitel, Boston, Mass. 

A 4~Androstene-3,17-dione-7-H3 (sp. act., 3.82 mc/mg., 
prepared by the author) was infused intravenously at a con- 
stant rate into ‘adult male rats under conditions approximating 
the steady state. Patterns of the hormonal radiometabolites 
in systemic plasma, ventral prostate, and liver were com- 
pared. Unconjugated radioactive products isolated from 
plasma and ventral prostate were testosterone, 5&- and 5P - 
anirostane-30 ~ol-17-one, O4—androstene-3,17-dione, and 50 - 
androstane-3,17-dione. The pattern of radiometabolites in the 
Ventral prostate resembled that in the plasma but the concen- 
tration of radioactivity in the prostate was significantly 
higher than that in plasma or muscle. The total concentration 
of steroidel radiometebolites in plasma and in the prostate 
was ebout 10-6 M3; the concentration of endogenous androgen 
in rat prostate may be considerably lower. 

These data may provide an insight into the biochemical 
Rechanisms underlying the biological action of androgen. 
(©ded by grants from the National Science Foundation and 
the Jane Coffin Childs Memorial Fund for Medical Research. ) 
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Biochemistry 


INFLUENCE OF ANDROGENS ON THE ACTIVITY OF THE AMINO 
ACID ACTIVATING ENZYMES. Charles D. Kochakian, Ryo 

and John Hillt, Univ. of Ala. Med. Ctr. 
Birmingham. 

Castration produced a gradual decrease in the 
concentration of enzyme activity in the seminal 
vesicles of guinea pigs. Minimum activity was 
attained after three to four weeks. Treatment of 
the animals with testosterone, testosterone propi- 
onate or androstan-17B-ol-3-one produced a pro- 
gressive increase over a period of 28 days. The 
enzyme activity of the prostate and temporal muscle, 
however, changed in direct proportion with the 
changes in weight produced by castration and an- 
drogens. Only a trace of enzyme activity was de- 
tected when either lysine, histidine and arginine 
or aspartic, glutamic and proline were used as 
substrate; 60% by phenylalanine, tyrosine and 
tryptophane; 20% by valine, methionine, isoleucine 
and leucine and 15% by threonine, serine, glycine 
and alanine. The free amino acids, protein, DNA 
and S-RNA changed in direct proportion with the 
tissue weights. The RNA of the seminal vesicles 
and prostate changed in concentration with changes 
in tissue weight. 


Pharmacology 
EFFECT OF TESTOSTERONE ON CYTOPLASMIC RIBONUCLEIC ACID AND 
Penson BOUND SULFHYDRYL AND DISULFIDE IN RAT SEMINAL VESICLE 
ITHELIUM. C, Ritter*, State Univ. of N. Y., Upstate Medical 
Center, Syracuse, N. Y. . 
Histochemical methods for ribonucleic acid (RNA) (Ritter, 
al. J. Histochem. in press) for protein-bound sulfhydryl 
Cafruny, et al. J. Histochem. 3:354, 1955) md disulfide 
(Teiger, et al. J. Histochem. 5:403, 1957) were used to study 
the effects of testosterone on the epithelium of the rat semi- 
nal vesicle. ‘Two weeks after castration the RNA concentration 
of these cells was reduced about 70% below control levels. 
The administration of testosterone (1 mg/day for 6 days) 
caused the cytoplasmic RNA concentration to rise 16% above 
control levels. When a dose-response curve was run in which 
castrate and control rats received testosterone once a day for 
6 days, the following information was obtained: 50-100 ug of 
testosterone produced a partial recovery in RNA concentration 
while 150 ug produced 100% recovery; 300 ug caused the RNA 
concentration to rise 10% above control values. RNA levels 
in the control animals were not significantly increased by 
10-100 ug doses of testosterone but were increased 10% with 
150 ug and 50% with 300 ug, above the control level. ‘The 
concentration of protein-bound sulfhydryl and disulfide was 
not significantly changed by either castration or by treatment 
with testosterone. (Supported by a grant from PHS). 


Nutrition 


LACK OF ANTICATABOLIC EFFECT OF ANABOLIC STEROIDS IN 
FASTING RATS. Joseph L. Izzo* and Stanley R. Glasser *. Depts. of 
Medicine and Radiation Biology, Univ. of Rochester School of Med. , 
and Dent. , Rochester, N. Y. 

Failure of certain anabolic steroids to inhibit the protein cata- 
bolic action of glucagon in fasting rats (Fed, Proc., 19:162, #6, 1960) 
led to the reevaluation of their anabolic properties. Testosterone pro- 
prionate, 17 a-ethyl-19 nortestosterone (Nilevar)and A -17 a-methy| 
testosterone (Dianabol) administered subcutaneously, 1.0 mg/kilo/day, 
were compared with bovine somatotropin, 1.0 mg/100 gm/day. Total 
urinary N was determined daily. After 3 days fast animals were sacri- 
ficed and blood a amino N and glucose as well as liver and muscle 
glycogen and protein were analyzed. Neither Nilevar nor Dianabol 
altered the course of protein catabolism observed in the fasting control 
rat. Somatotropin significantly depressed urinary N whereas testos- 
terone caused a significant increase in urinary N excretion. In view 
of our findings that the only anabolic hormone to exert an anti-cata- 
bolic effect in the fasting rat was somatotropin, a reevaluation of the 
androgens as anabolic agents seems appropriate. (Supported by grants 
from U. S. P. H. S., A-3556, USAEC #W-7401-eng-49 and Eli Lilly Co.) 












Nutrition 


ANABOLIC ACTIVITY OF ISOXAZOLE-SUBSTITUTED ANDRO- 
STANE-DERIVED STEROIDS. Aaron Arnold, 4G. 0. 
Potts*, A. L. Beyler* and R. 0. Clinton*, Ster 
ling-Winthrop Research Institute, Rensselaer, N.Y. 


Clinton, et al. (J. Org. Chem., Jan. 1961) have 
extended their earlier observations on pyrazole- 
substituted androstanes to isoxazole-substituted 
steroids. Stanozolol (176-hydroxy-17a-methylan- 
drostano[2.3-c]pyrazole) was shown earlier to be 
considerably more anabolic than methyltestosterone 
in nitrogen balance studies p.o. with rats while 
exhibiting less androgenic activity. More recently 
hydroxy-methylandrostano[2,3-dJisoxazole (I) has 
been found to be 1/7-1/10 as anabolic s.c. as tes- 
tosterone propionate; the corresponding 19-nor an- 
alog exhibited 1/3-1/4° the anabolic activity of 
the parent compound (I). On the other hand, the 
corresponding 19-nor ,‘-androstene was more active 
s.c, than (I), being nearly as anabolic as the ref- 
erence testosterone propionate, Their androgeni- 
city, evaluated with rats, appears to be 1/20-1/40 
testosterone propionate, so that these compounds 
merit additional study for their endocrinological 
profile, 
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Physiology 
Protein Repletion Following Estradiol Treatment, Ronald M. 
Stagg. Bureau of Biological Research, Rutgers The State 


University, New Brunswich, New Jersey. 

Adult male rats exhibit a negative nitrogen balance when 
treated with stilbestrol but retain nitrogen in excess of 
controls during the postinjection period. It was of interest 
to extend these findings to rats of both sexes and to observe 
the response to estradiol, Adult male and female Long-Evans 
strain rats were fed a purified diet containing 18% casein 
and estradiol benzoate in 0.1 mg daily dosages was injected 
subcutaneously for 20 days. Animals were observed for a 32 
day period following hormone withdrawal. Untreated controls 
were pair-fed. Male rats initially treated with estradiol 
exhibited during the postinjection period a degree of 
nitrogen balance which exceeded that of pair-fed controls. 

In contrast, female rats given estradiol failed to exhibit 

a postinjection protein rebound. Liver, kidney, heart and 
muscle protein and lipid concentrations of male and female 
rats given estradiol were comparable to controls 32 days 
after hormone withdrawal. A reduction of testis weight and 
protein concentration of estradiol treated males was evident, 
while lipid concentration was similar to controls by the end 
of the postinjection period. (Supported by a grant from 
USPH A 462.) 


Physiology 

HORMONE ANTAGONISTS AND THE FEMALE REPRODUCTIVE SYST. 
JeHe Leathem and ii.C.e Adams* Rutgers Unive, New Brunswick, 
New Jerseys 

Ethamoxytriphetol (i/i8-25) is known to inhibit estrogens. 
Using ovariectomized immature mice, estradiol increased 
uterine weight and alkaline phosphatase; MER-25 counteracted 
these changes. The compound did not inhibit testosterone 
and was slightly uterotrophic in micee .‘ER-25 in 10 and 20 
mg/kg daily dosages depressed uterine growth rate in immature 
rats but did not alter ovarian cholesterol and ascorbic acid 
in 20 dayse Another hormone antagonist, chloramiphene 
(MER-41) in 0.5 and 2.5 mg/kg daily dosages depressed ovarian 
and uterine growth in immature rats. Ovarian weight 
returned to normal 20 days after withdrawl of 0.5 mg/kg of 
HcR-41 but a complete return to normal was not obtained when 
the higher dosage had been givene Similar results were noted 
in adult ratse [iGR-25 was also tested in hypothyroid rats 
given chorionic gonadotrophine Ovarian cysts frequently form 
in gonadotrophin treated hypothyroid rats with associated 
changes in ovarian cholesterol and ascorbic acide Concomitant 
MER-25 reduced ovarian stimulation and prevented the changes 
in ovarian composition. (Supported by a grant from USPH, 
A 2321). 











Physiolop 

THRESHOLD AND PATTERN OF ELECTROSHOCK CONVULSIONS DURING 
ESTROUS CYCLE IN THE RAT. Dorothy E. Woo » Paola S, 
Timiras, H. He Srebnik* and anthony STivet. epartments 
Physiology and Anatomy, University o 

Previous investigations from this laboratory have show 
that female rats display a greater susceptibility to seizuy 
than males. This sex difference has been ascribed to the §& 
high levels of estradiol in mature females. It was 
of interest to investigate whether the cyclic changes in 
culating levels of estradiol during the estrous cycle could 
influence electroshock seizures. Vaginal smears from 100 
adult female rats were examined daily for two weeks before th 
electroshock tests and throughout the testing period which — 
lasted four weeks. The electroshock seizure threshold (E5f) 
was determined four times, and the maximal electroshock sei. 
gure (MES) pattern and postictal depression (PID) were 
measured once. In all cases, rats in proestrus and estrus 
showed a greater excitability, as evidenced by a significanth 
lower EST (-6%), than rats in postestrus and diestrus. In ty 
MES pattern the duration of tonic flexion was shorter by 1# 
during estrus than diestrus. Other changes in the MES patten 
also suggested an increased excitability and spread of 
excitation during estrus. Changes in PID were not observed, 
Repeated EST and MES tests did not alter the regularity of 
the estrous cycle. (Supported by Grant S-60-1 NAS) 































Physiology 
THE INFLUENCE OF STEROID HORMONES AND HISTAMINE ON GROWTH Ii 
UTERINE EPITHELIUM, Eugene Spaziani. Dept, of Zoology, Uniy, 
of Iowa, Iowa City, Iowa, 

The present study extends previous findings which indicate 
that estradiol produces hyperemia and edema in the rac uterms 
secondarily by causing the local release of endogenous his- 
tamine (Endocrinology 64:713, 1959), Estradiol-17£ (0,04 jy), 
histamine base (0,2 mg) or saline (each adjusted to pH 7,0)m 
injected into the uterine lumen of ovariectomized rats, Hist 
amine produced uterine hyperemia and hydration in 4 hrs, cm 
parable to that observed for estradiol, Cross sections of 
uteri from colchicine-treated rats sacrificed 24 hrs, after 
injection of control or experimental solutions were examined 
for evidence of growth stimulation, All cells in metaphase u 
well as the total no, of cells in the luminal epithelium in 
each of 10-16 sections/rat were counted, Only luminal and 
glandular epithelia appeared affected by treatment, Calcula 
tions of the mitotic index(no, cells in metaphase/1000 cells) 
revealed increases over controls in cell division of 109% for 
estradiol and 77% for histamine, Cortisol (3.5mg/100g body wt,) 
given I.V, at the same time as estradiol or histamine signifi: 
cantly depressed both the edema at 4 hrs, and the 24 hr, mite 
tic increases produced by the estrogen or the amine alone, Tk 
results support the hypothesis that histamine mediates the 
uterine responses to estrogen. (Supported by USPHS grant A-M0t 
and the Clara Duggar Memorial Cancer Grant, Am, Cancer Soc,) 











Physiology 
ESTRUGEN BYFECT ON BLECTROLYTE AND WATEX BALANCE IN THs Hat 
Mero Nocenti and Louis J. Cizek, Columbia University, N.Y: 
In view of the depressant effect of estrogens on the polydip 
sia and polyuria of the spontaneous salt-deficiency obtaining 
during food deprivation in the rabbit, a comparative stuiy 
was made on the rat. Normal, ovariectomized and ovariectomir 
ed Sherman rate receiving 50 and 100 gamma diethyletilbestrol 
daily, were observed. In the control period both food and wt 
er intakes were decreased in estrogen treated animals, this 
being mirrored by a fall in boay weights. Food deprivation 
caused a very profound decrease in water intake of these al 
imals, a moderate decrease in the normals, and a lesser deci 
ease in ovariectomized untreated rats. Whereas urine volumé 
decreased to about one-third of contro2 values during food 
deprivation of normal animale, the ovariectomized animal shi 
ed but a slight decrease in comparison; treated rats display- 
ed a profound fall. Food deprivation caused sodium and chlor 
ide excretion to decrease to about one-tenth of control fini 
in normal rats. By comparison the estrogen treated animals 
showed a control electrolyte excretion of about one-third tht 
of the normals, with a further decrease during food deprive 
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tion. These preliminary studies indicate that estrogen my 
decrease water intake by promoting electrolyte retention a& 
in the rabbit (supported by a grant from NSP) 
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Biochemistry 


sCID SOLUBLE AND INSOLUBLE SULFHYDRYL OF EXTRACTS OF 
S OF OVARIECTOMIZED RATS AFTER ESTRADIOL. D.B. 
yeNair Scott and A.M, Pakoskey.* Dept. Physiology, 
Yedical School, Univ——or Penis "2 mnsylvania, Philadelphia, 
a eracts of endometrium and myometrium of uteri 
Sof ovariectomized rats at selected times after in- 
ection of estradiol-17-8, were prepared by a slight 
modification of previous methods for enzyme studies. 
(scott & Lisi, Biochem. J. 77, 52 (1960)-). 
sulfhydryl groups were titrated by the AgNO3 
etric method in acid soluble and the precipi- 
tated protein fractions, both directly and after re- 
duction with TPNH, After reduction the titrable SH 
was increased in the acid soluble fraction and de- 
creased in the protein, The acid soluble SH values, 
poth total and reduced, were decreased in the endo- 
netrial extracts between 2 and 9 to 15 hours and 
increased above the operated controls from 24 to 72 
hours. There was a slight early decrease but no 
later increase in the sulfhydryl of the myometrial 
extracts. These changes are similar to the changes 
in enzymes previously reported. 




















*hysiology Biochemistry 
me oe THE OCCURRENCE OF STILBESTROL IN THE EGGS OF TREATED HENS. 

2 ™ E irnest_J. Umberger,* Daniel Banes,* Frieda M. Kunze,* and 
indicate Sylvia M. Haise.* Div. of Pharmacology and Div. of Pharma- 
c uters ceutical Chemistry, Food and Drug Admin., U. S. Dept. of 


a hiige Health, Education, and Welfare, Washington, D. C. 
Stilbestrol has been used for the interruption of 


ee broodiness in hens (Godfrey and Jaap, Poultry Science, 29, 
8. Bis 356 (1950). Inadvertent use of the drug in laying hens may 
rs. oe result in residues in the eggs. Laying hens were injected 
ne a with 25 mg. of stilbestrol in oil, and the eggs collected 1 
after through 7 days post-treatment were examined for stilbestrol 
inal tesidues by bioassay (oral mouse-uterine-weight method) and 
aphase u chemical examination. Concentrations of the drug up to 0.2 
iw nicrogram/gram were found in the eggs from the second day 
an onward. Practically all of the drug was found in the yolks, 


lewis partly as free stilbestrol and partly in a combined form 

) cells) which was readily freed by heating with dilute acid in 

109% for alcohol. Some information on the nature of the combination 
Jody vt.) will be presented. 
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Biochemistry 


° 
HAD EFFECT OF ESTRADIOL ON GLUCOSE METABOLISM IN RAT UTERUS. 
Wd: F Ru, Mackeod*, V.P. Hollander, Depts. of Medicine and Bio- 
lydip- § chemistry, Univ. of Va. Med. School, Charlottesville, Virginia 
raining Previous workers have demonstrated increased glucose con- 
judy sumption, lactic acid production, and increased fatty acid 
toms production from ecetate following estrogen stimulation of rat 
estrol § uterus. This report is concerned with the stimulation of 
fatty acid production from labelled glucose following the ad- 
this wnistration of estrogen. Sprague Dawley rats were spayed at 
ion least three weeks prior to study. Estradiol-17p, 10-40 mg. 
e@ alr in sesame oil was administered to half the animals in each 
> deck group 20-24 hrs prior to experiment. Uteri were sliced into 
Pieces weighing approximately 10 mg and incubated at 37°C in 
Krebs-Ringer bicarbonate buffer containing 0.02 M glucose 
labelled at either C-l1 or C-6. Radioactivity in COp and fatty 
splay- acid was determined as well as glucose consumption and lactic 
&id production. Estrogen treatment provoked a 2-3 fold in- 
crease in glucose consumption and a 1.5 fold increase in lactic 
als acid production. No change was observed in the relative con- 
rd tht B tribution of C-1 and C-6 in COs production, There was a 
rivie 15-3 fold increase in radioactivity in fatty acid due to 
estrogen, Estradiol stimulated fatty acid biosynthesis from 
(6 somewhat more than from C-1. In spite of striking meta- 
bolic alterations following hormonal stimulation no comparable 
stimulation of the hexosemonophosphate shunt was evident. 





















Biochemistry 


MONO- AND DIGLUCURONIDES OF ESTRIOL IN HUMAN PREGNANCY URINE. 
Carl B. Felger* and Philip A. Katzman. Dept. of Biochemistry, 
St. Louis Univ. Sch. of Med., St. Louis, Mo. 

Commercial preparations of estriol glucuronide have been 
resolved into two components by paper and column chromato- 
graphy. Estriol, identified by R¢ after enzymatic hydrolysis, 
was the principal if not the only estrogen in these prepara- 
tions. Paper chromatograms developed with EtOAc-H20 yielded 
two spots; A (R¢-0.218) and B (R¢-0.671). Glucuronic acid/ 
estrogen molar ratios (G/E) were 2.02 and 1.06, respectively. 
Identical studies employing BuOAc-H20 gave similar components; 
A (R¢-0.153; G/E-1.92) and B (R¢-0.550; G/E-1.12). Likewise, 
separation was achieved by cellulose column chromatography. 
Similar studies were made of partially purified fractions of 
conjugated estrogens prepared by adsorption of human preg- “ 
nancy urine on a column of Dowex-l. The effluent was purified 
by chromatography on alumina and fractionated on a cellulose 
column. One of these fractions contained mainly estriol 
monoglucuronide (R¢-0.672; G/E-1.05) and another fraction 
mainly estriol diglucuronide (R¢-0.158; G/E-1.96). Minor 
amounts of other conjugated estrogens have been detected. 
However, the quantities obtainable thus far have been too 
small to permit adequate analysis. 


Biochemistry 


FATE OF ESTRADIOL~17H> IN RAT TISSUES. N.N. Saha”, JW. 
Flesher*, H.I. Jacobson™ and E.V. Jensen. Ben May Laboratory, 
University of Chicago, Chicago, Illinois. 

As reported previously(Fed. Proc. 19, A170 (1960)), after 
the administration of a 0.1 or 0.01 pg. dose of estradiol-6, 7H? 
to immature female rats, the only radioactive substance 
detectable in uterus is free estradiol, whereas liver contains 
a mixture of steroids including estrone. To gain insight into 
the importance of steroid oxidation reactions in tissues, 
estradiol-17H> was prepared and its metabolic fate compared 
with that of estradiol-6,7H? at two and six hours after_a 
single subcutaneous dose of 0.1 pg.- With estradiol-17H, but 
not with estradiol-6,7H’, the body fluids contain appreciable 
volatile tritium, the concentration of which is about the same 
in uterus, liver and blood. The non-volatile. radioactivity 
in liver is somewhat lower with estradiol-17H? than with 
estradiol-6,7H?, but in mbogee it is the same or possibly 
higher. With estradicl-17H’, as with the 6,7-labeled steroid, 
essentially all the non-volatile radioactivity in uterus 
appears to be present as free estradiol. The implication of 
these and other findings relative to the role of oxidation 
reactions in estrogen action will be discussed. 





Biochemistry 


GAS-CHROMATOGRAPHIC ESTIMATION OF ESTROGENS IN PREGNANCY 
URINES. Herbert H. Wotiz and Horace F. Martin”. Boston Univ. 
School of Med., Boston, Mass. 

Separation and quantitative measurement of estrone,estra- 
diol and estriol acetates was achieved on a 3 foot silicone 
(30/70) column at temperatures ranging from 235°C-280°C. 

Using a thermal conductivity detector, linear response for 
100-400 pag, of steroid was obtained, without discernible decom- 
position. Optimum conditions for acetylation of estrogens were 
determined. Estriol was added to male urine, which was then 
hydrolyzed with acid and ether extracted. Preliminary purifi- 
cation consisted only of a sodium carbonate wash and alkali 
extraction of the phenols. The latter were treated with acetic 
enhydride in pyridine and following evaporation of this mix- 
ture the material was dissolved in acetone. A portion of this 
solution was then injected into the gas-chromatograph and 
quantitative estimation was based on the height of the resul- 
tant peaks. A series of pregnancy urines were hydrolyzed and 
pre-purified as described above and after injection into the 
gas-chromatograph 2 or 3 peaks were noted. The peaks correspon 
-ded in retention time to those of the three major estrogens. 
Urine extracts from non-pregnant females prepared in this 
manner gave a stable base-line without any peaks. The levels 
of estrogens determined were consistent with those reported 

in the literature for pregnant women. 





Biochemistry 


INHIBITION OF Bg-ENZYMES BY FREE AND CONJUGATED ESTROGENS. 
Merle Mason and LaVerne Schirch*. Department of Biological 
Chemistry, The University of Michigan, Ann Arbor. 

The sulfate esters of estradiol, estrone and diethyl- 
stilbestrol inhibit the kynurenine transaminase of rat kidney 
(J. Biol. Chem., 225, 1212 (1960)) by interfering with its 
association with pyridoxal phosphate. Phosphorylase a, a 
Bg-enzyme, was also inhibited (J. Amer. Chem. Soc., 81, 1517 
(9959). More recently, we have tested the actions of stilb- 
estrol disulfate and estradiol disulfate on other enzymes. 
They inhibited at low concentrations the activities of cys- 
teine sulfinic acid decarboxylase, DOPA decarboxylase, 5-OHT- 
decarboxylase, serine aldolase and phosphorylase b. They did 
not inhibit bacterial tyrosine decarboxylase, trypsin, chymo- 
trypsin, intestinal alkaline phosphatase or wheat-germ acid 
phosphatase. Inhibition of phosphorylase b was accompanied 
by dissociation of pyridoxal phosphate and was reversed by the 
addition of pyridoxal phosphate. The free estrogens were in- 
active in earlier studies of kynurenine transaminase. Sur- 
prisingly, they were yery active with phosphorylase b (50% 
inhibition by 4 x 10-7 estradiol). Hydrocortisone and 
several other steroids also inhibited. The free estrogens in- 
hibited serine aldolase under certain ig on gs — 

the decarboxylases are being tested. uppor 
oy Grant 2251 (c-2) ion the U. S. Public Health Service. 


Biochemistry 


ESTRIOL-3,16P,170%, A METABOLITE OF 1,3,5(10) 16- 
ESTRATETRAEN-3-OL IN MAN. 

Benjamin F, Stimmel and Vessa D. Notchev* 

ees-Stealy mic Research Fndn., San Diego, Calif. 

Previously, we reported (Fed.Proc.16:256,1957) an 

estriol-like metabolite of estratetraenol which did 
not conform completely with any of the three then 
known epimeric forms of estriol. This communication 
reports the identification of our estriol-like meta- 
bolite as the recently synthesized epimer, estriol-3, 
168,17 The crude nonketonic phenolic fraction ob- 
tained from the B-glucuronidase treated urine was 
separated into strongly polar trans glycols (estriol- 
3,16%,17P, K=0.60, estriol-3,168,170, K=0.89) and 
weakly polar cis glycols (estriol-3,16«,174, K=5.2, 
estriol-3,16,178, K=4.6) by countercurrent distribu- 
tion (59-T) in the system ethyl ether-a-. buffer pH 
11.6. The strongly polar fraction was than subject- 
ed twice to paper chromatography in a mydified Bush C 
system. The sone corresponding to the syrthetic est- 
riol-3,166,17% standard was eluted and portions of 
the eluate were compared with authentic estriol-3, 
168,17%, in a series of spectrophotometric tests, in- 
cluding an infrared spectra which established the iden- 


tity of the metabolite with synthetic estriol-3,16/, 
7%. 





Biochemistry 


THe STUDY OF URINSRY-METABOLITES OF H>-ESTRADIOL-17B OF 
HIGH ACTIVITY IN HUMANS. G.N, GUPTA*and A. STEINSERG.* 
Research Laboratories, Albert Einstein Medical Center, 
Southern Division, Philadelphia, Penna. 

H”-Estradiol-178 (1 mc) was administered i.v. into 
female petients with metastatic breast cancer. Clearance 
studies of the urine was done at 15 minute intervals up 
to 6 hours and extended to 2-3 days for further col- 
lection of the urine in each patient. The free and con- 
jugated estrogen fractions were identified and determined 
quantitatively by paper chromatogrephy and liquid scinti- 
llation counting methods. The hydrolysis of conjugated- 
estrogen-fraction was carried out by P-glucuronidase of 
several sources ano HCL acid. The data will be presented 
in detail. 
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Pharmacology 

ESTROGEN EFFECT ON AMINO ACID INCORPORATION INTO PROTETH, 
Sumner M. Kalman and Patricia M. Opsahl.* Dept. Pharmaco} 
Stanford Univ. School of Med., Palo Alto, Calif. “4 

Minced oviduct from an estrogen-treated chick incorpor. 
ated leucine-1-Cl4 into protein 5 times as fast as the 
same tissue from an untreated control chick on an equiva. 
lent weight basis. In a study of a cell-free system frog 
chick liver capable of incorporating amino acids into 
tein it was found that cell fractions from the oviduct of 
estrogen-treated chicks stimulated uptake of leucine-]-~ 
C14. Extracts from control oviduct did not. This ability 
to stimulate amino acid incorporation was lost when the 
oviduct extract was centrifuged for 1 hour at 105,000 x g 
and the pellet removed, When the 15,000 x g supernate frog 
homogenized chick liver was incubated in a medium contaip- 
ing ATP and phosphocreatine, leucine-1-Cl4 was incorpor- 
ated into protein; the addition of the 105,000 x g pellet 
from control oviduct resulted in an incorporation of 67 
CPM/mg of protein after 20 minutes incubetion time. The 
addition of the 105,000 x g pellet from an equivalent 
anount of oviduct from an estrogen-treated chick yielded 
153 CPM/mg under the same conditions. The nature of this 
apparent difference between the high speed fractions cf 
"control" and "“estrogen-treated" tissues is being investi- 
gated. (Supported by a grant from USPHS.) 


Pathology 


CHROMATOGRAPHIC STUDIES OF SOLUBLE FRACTION 
FROM REGENERATING RAT LIVER. Winfield S. Morgan, 
Mass. General Hosp., Boston, Mass. 

TEAE-cellulose chromatographic studies of the liver 
soluble fraction (105,000 g supernatant) have been made at 
intervals after partial hepatectomy. The chromatogram of 
soluble fraction from regenerating liver has been found to 
differ from the normal as early as 1l hours after operation 
and does not revert to normal until about 1 month later. The 
changes are characterized by the appearance of 3 to 4 new 
peaks having a high 260 m& extinction. The components of 
these peaks responsible for the high absorption are dialyzable 
and appear to be nucleotide in character. They are eluted in 
the same general area as the di- and triphosphates of adeno- 
sine but preliminary studies thus far have indicated that they 
are not these substances. 
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Biochemistry 


COMPARISON OF BIOLOGICAL ACTIVITIES OF PROGES TERONE, NOR- 
ETHISTERONE AND THE ACETOPHENONE DERIVATIVE OF 16a, ll 
DIHYDROXYPROGESTERONE. Leonard J.Lerner§$ David M.Brennany 
Michael DePhillipot Euripides Yiaca® 
Squibb Institute for Medical Research, New Brunswick, N. J» 
Syntheses of the acetophenone derivative of 16a, 17a-dihy- 
droxyprogesterone (P-DHP) has been reported (Fried et al, Chem. 
and Ind, (London)--in press), Progestational activity was evalu- 
ated histologically by the McPhail method, P-DHP was 1-2 times 
as active as progesterone (P) parenterally or norethist erone (N) 
orally. Normal pregnancy and live litter size was maintained in 
rats, ovariectomized on day 8 of pregnancy, with a 10 mg, daily 
subcutaneous dose of P, P-DHP and N in 71%, 93%, and 0% of 
the rats respectively. P or P-DHP at 2.5 mg/day maintained live 
pups in 14%and 364% of the rats respectively;the number of live 
pups per litter was greater in the P-DHP group. Fetuses were 
masculinized by daily treatment of mothers with 2.5 or 5 mg. N 
on days 14-19 of pregnancy but not with 5 or 10 mg. of P or P- 
DHP. P and N at daily subcutaneous doses of 0.2 mg. or larger 
were androgenic in the castrate immature male rat. P-DHP ws 
non-androgenic in daily doses as high as 5 mg. P and P-DHP were 
not estrogenic (vaginal smear) in the castrate female rat in doses 
of 5 mg. whereas N was estrogenic at this dose level, 
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59 ENDOCRINES—Thyroid 
Physiology 


qYROID,,FUNCTION IN FSTAL RATS. James H. Birnie and Frederick 
i sae . Biology Department, Morehouse College, Atlanta, 
orgia. : 


& An attempt was made to show the temporal relationship be- 
tween the onset of thyroid function and follicle differentia- 
tion in the rat. Pregnant female so ge the Long-Evans 
strain were injected with 0 pe of I and were sacrificed 
18 hours later. Autoradiographic studies of the neck region 
of the embryos revealed that radioiodine accumulation occurred 
in the thyroid tissue of individuals ranging from 1.7 cm. 
(crow-rump length) to 3.9 cm. (size at time of birth). There 
was no evidence of radioiodine accumulation in any tissues 
examined other than the thyroid. There was evidence of inci- 
pient follicle formation taking place in the 1.7 cm. embryos, 
Preparations of 2.0 cm. embryos showed early follicle differ- 
entiation with traces of colloid. In the youngest embryos 
presenting evidence of radioiodine accumulation there was no 
clear correlation between the localization of the iodine and 
follicle development. There was distinct evidence of radio- 
iodine accumulation in areas where follicle formation could 
not be clearly distinguished. These findings are interpreted 
as further evidence of the occurrence of chemodifferentiation 
prior to demonstrable histodifferentiation in developmental 
processes. 





Physiology 


SUCCINIC DEHYDROGENASE ACTIVITY OF TISSUES FROM THYROXINE 
INJECTED ATHYROID RATS, Anthony Steffek*, Howard Klitgaard 
and Alvin F, Rieck. Marquette University School of Welictne, 
Milwaukee, Wisconsin, 

Oxygen consumption of whole animal and specific tissues 
decreases after thyroidectomy and increases with thyroxine 
injection, This study was made to determine the relationship 
of succinic dehydrogenase to the above phenomenon, This 
enzyme was assayed in tissues with a modified technique of 
Shelton using the tetrazolium salt, INT. Studies were made 
at intervals of one through thirty-five days after the in- 
jection of the thyroxine into athyroid male rats. Liver 
enzyme activity on a dry weight basis, showed peak activity 
on day 8 (27% above normal) and slowly dropped to the hypo- 
thyroid level at day 24, Kidney enzyme activity increased 
sharply and peaked at day 2 (21% above normal) and returned 
to athyroid levels at day 24. Heart decreased the first four 
days, peaked on day 8 (11% above normal) and dropped rapidly. 
Skeletal muscle increased very slowly to peak activity on 
day 8 (16% above normal) and activity decreased slowly to the 
hypothyroid level. Spleen, testes and brain showed no 
significant change. These enzyme responses parallel those of 
oxygen consumption for the same tissues. (Supported by 
U.S.P.H, Grant A-1706.) 





Physiology 


THYROXINE AND PROTEIN RELEASE FROM MITOCHONDRIA. 
Roger L. Greif. Physiology Dept., Cornell Univ. Med. Coll., N.Y.C. 
Recline has been shown by others to cause protein and nucleo- 
tide release from mitochondria. In the present work washed rat liver 
mitochondria were suspended in buffered sucrose solutions at 37°C ., 
and the amount of.ptotein released into the medium was measured in 
the presence and absence of 10-4M L-thyroxine. The expected increase 
during the first few minutes was observed in the vessels containing hor- 
mone, After 30 minutes, however, 50% less protein was measured in 
the thyroxine tubes. 3,5,3' triiodo-L-thyronine, 3,5,3' triiodothyro- 
acetic acid, 3,5,3'5' tetraiodothyr tic acid and 3,5,3' triiodo- 
thyropropionic acid also caused marked inhibition of protein release. 
Tetrachlorothyronine is less active and diiodotyrosine, mono and diio- 
dothyronine, and 3, 5-di nitrothyroformic acid are inactive. The sys- 
tem does not distinguish between thyronines with iodines in the 3,5, 
3' and in the 3,3',5' positions. The properties of the released protein 
are still unknown. This system may be related to the much stucied abil- 
ity of thyronines to preserve failing metabolic systems in excised tissue 
Preparations. (Aided by grants from the U.S.P.H.S. and she National 
Science Foundation) . 
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Physiology 

RESPONSE OF CHICK LIVER AND PLASMA LIPID TO THY- 
ROID POWDER OR PROPYL THIOURACIL. J.D. Evans, N.L. 
Oleksyshyn*, P.J. Middleton*, and H.G.Schwartz*, Temple 
Univ. School of Med., Philadelphia, Pa. 

Chicks receiving a synthetic diet containing 1% cholester- 
ol plus 10% corn oil were given additional supplements of thy- 
roid powder or propyl thiouracil. Plasma and liver Lipids 
were extracted, fractionated by silicic acid column chroma- 
tography and the fatty acid of each component was recovered 
and analyzed spectrophotometrically. Thyroid powder re- 
duced liver sterol esters to 28% of control with only small re- 
ductions in other liver components. It did noi alter greatly the 
distribution of fatty acids in liver sterol esters, and therefore 
cholesteryl monoenoate which constituted 70% of fatty acids 
was the principal compound removed. All plasma lipid com- 
ponents were decreased after thyroid powder and increased 
after. thiouracil but the characteristic distribution of fatty 
acids in each fraction was not greatly changed. That thyroxine 
counteracts the specific accumulation of liver cholesteryl 
monoenoate following dietary cholesterol supplementation in 
chicks, is taken as evidence that thyroxine regulates in part 
by facilitating both cholesterol and oleic acid metabolism. 
(USPHS grant H-5106). 





Physiology 

INTRACELLULAR COLLOD DROPLETS IN THE THYROID GLAND. 
S. H. Wollman and S. S. Spicer, Natl. Insts. of Health, Bethesda, Md. 

Droplets which stain like colloid appear in thyroid epithelium 
following i.v. injection of thyrotropin (TSH). To test if these drop- 
lets contained colloid originally in the lumen of the follicle, colloid 
in the lumen was labeled with 131, further binding of I!51 blocked 
with propylthiouracil and then droplets were induced by TSH. Serial 
sections of thyroids fixed in cold Bouin's were stained by the peri- 
odic acid-Schiff method. An autoradiographic image was found over 
areas containing tangential sections of follicles frée of visible colloid 
other than that in spherical droplets in cells. This suggested that 
intracellular colloid droplets came from colloid originally in the 
lumen of the follicle. In agreement, in thyroids of rats fed thiouracil 
for several days, intracellular colloid droplets occurred in follicles 
containing colloid in the lumen, but were rare in follicles depleted of 
colloid. Acid phosphatase (an enzyme in lysosomes) and esterase 
localized in droplets resembling colloid droplets morphologically and 
in response to TSH. These results suggest that the formation of 
intracellular colloid droplets is a part of a mechanism of resorption 
of colloid and release of thyroid hormone into the blood. Droplets 
formed before radioiodide injection, unlike colloid in the lumen, 
appeared unlabeled after exposure to radioiodide for 1 minute. 


Physiology 


ION EXCHANGE SEPARATION OF IODINATED PEPTIDES. Samel R. 
Lerner *, Radioisotope Service, Veterans Admin. Hosp.,Houston, 
and Biochem. Dept., Baylor Univ. College of Medicine. 

Ion exchange chromatographic methods using sulfonated poly- 
styrene resins for elution analysis of the iodinated amino 
acids, when applied to hydrolysates (both enzymatic and alka- 
line) of thyroid tissue, showed the presence of unknown radio- 
active and ultraviolet-absorbing peaks. These unknown com- 
pounds appeared to be peptides and this was confirmed by 
further hydrolysis. These peptides offer a powerful tool for 
the investigation of the amino acid sequences of thyroglobulin 
in the immediate vicinity of the iodinated amino acids. Thus, 
the establishment of sequences adjacent to iodinated tyrosines 
and thyronines should shed light on the unique primary struct- 
ural "milieu" required for the in vivo formation of thyroxine 
and triiodothyronine that is found in thyroglobulin. To obtain 
calibrating information, use was made of the sequence studies 
on insulin by Sanger and his co-workers. Radio-iodinated 
insulin was enzymatically cleaved and the products fraction- 
ated on a Dowex 50x colum, 0.2N ammonium formate, 30% ethanol 
PH 3.9-7.5-9.2. As an example, following chymotryptic diges- 
tion, as many as 12 peaks of radioactivity were obtained, 
corresponding to free DIT, MIT and peptides containing these 
amino acids. Their identification with corresponding peptides 
of tyrosine (after Sanger's data) will be reported. 











Physiology 


EFFECTS OF THYROXINE AND TRIIODOTHYROPROPIONIC ACID 
ON GROWTH OF THIOURACIL TREATED RATS. Robert L. 
Kroc, Neil R. Stasilli* and Paul J. Nem a 
Warner-Lambert Research Inst., Morris Plains, N. J. 

Weanling rats treated chronically with thiouracil 
in the diet showed significant depression of growth 
rate by the end of 2 weeks and virtually complete 
cessation by 6-7 weeks. It was possible to rein- 
state growth with minute fractions of a daily, non- 
calorigenic dose of L-thyroxine or 3,5,3'-triiodo- 
thyropropionic acid. Perceptible owth was ob- 
tained with a minimum of 0.04 wg./100 gm. b.wt. /day 
of either compound. The extreme sensitivity of 
growth to minute doses suggests a useful method of 
selecting compounds for veterinary and human 
clinical trial. 








Biochemistry 


GOITER IN ANIMALS. Jgidor Greenwald. New York University 
School of Medicine. 

The earliest reports of goiter in domestic animals, severe 

to cause serious economic losses over a wide area, are 

those of its sudden appearance in British Columbia, Washing- 
ton, Montana and Wisconsin about 1915. These regions had long 
been used for raising animals without such difficulty. No sim 
ilar outbreak had ever been reported from Ohio nor Michigan 
(Fed. Proce, 19, 473)2 PIGS. In 1830, goiter was prevalent in 
one place in Peru, where there was no human goiter. It was 
not serious in Alpine Europe until after 1941. SHEEP. In 1937, 
goiter was prevalent in part of Argentina, where human goiter 
was rare. There is no evidence of serious prevalence in any 
of the goiterogenous areas of South America, nor in those of 
Europe, except in Yugoslavia. GOATS. Goiter was moderate in 
England and Yugoslavia, severe in small areas of Bavaria in 
1936-9, but not important elsewhere. CATTLE. In 1928, goiter 
was noted in one village on Lake Baikal, but not in other ani- 
mals, nor elsewhere in the Russian Empire. DOGS and CATS, 
Both live in close association with man but goiter appears to 
be more common in dogs than in cats. WILD ANIMALS, These ap- 
pear to be immune in their native habitats, although suscepti- 
ble in captivity. These facts contradict the "{fodine-lack" 
hypothesis. They are consistent with the view that goiters 
are due to different strains of a biological agent. 


Biochemistry 
EFFECT OF THIOURACIL ON THE ACCUMULATION OF INJECTED 
CO-60 CYANOCOBALAMIN IN RABBITS AND OTHER ANIMALS. 
Harold L. Rosenthal. Dept. of Physiol. Chem., Washing- 
ton Univ., School of Dentistry, St. Louis, Mo. 
Previous studies (J. Nutrition 68: 297, 1959) showed 
a marked increase in the accumulation of injected Co-60 
cyanocobalamin in the kidneys of female rabbits follow- 
ing 10 days of starvation while the accumulation in the 
liver was not altered. In the present studies rabbits 
fed 0.5% thiouracil plus ground laboratory chow for 24 
days prior to the injection of 0.05 uC Co-60 cyanocobal- 
amin/kg were found to accumulate 4.07% of the injected 
dose/gm of tissue as compared with 0.72% for pair fed 
controls. Urinary excretion of the injected dose in- 
creased from 5.3 to 9.7%. The accumulation of radioac- 
tivity in liver tissue was not altered. In rabbits fed 
0.25% thyroid powder in the diet or 14 KCLO4 in drink- 
ing water or in thyroidectomized rabbits, the accumula- 
tion of radioactivity in kidney, liver and urine was 
not altered from control animals. However, the addition 
of 0.25% thyroid powder plus 0.5% thiouracil to the diet 
depressed the accumulation of radioactivity in the kid- 
ney to 1.43% of the injected dose/gm tissue, a value 
significantly greater than 0.54% for control animals. 
(Supported by U.S.P.H.S.) 
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Biochemistry 


REVERSIBLE DISSOCIATION OF THYROID IODIDE PER 

DASE INTO PROSTHETIC GROUP AND APOPROTEIN, 

Nichol xa Radioisotope Serv., VA Hosp., West 
ven, an ept. o ochem., Yale U., New Haven, 

Iodide peroxidase in thyroid gland extracts has been disgo. 
ciated into the prosthetic group emin) and the apoprotein, 
The apoprotein is heat labile and only 12 to 30 percent ag act. 
ive as the original extract. The prosthetic group is complete. 
ly inactive. Enzymatic activity is fully restored by the 
two or by an ae to the apoprotein. Ferroprotoporphy. 
rin IX (reduced hemin) also reactivates the apoprotein, 
probably after it is oxidized to hemin by the excess H, O, 
substrate. The separation of the two fractions is achieved by 
passing the extract through IRC-50 resin (0.01M sodium 
Feoerate pH 6.5). Hemin of the peroxidase is retained on 

C-50 along with the hemoglobin of the extract while the 
protein is not absorbed. The peroxidase can also be dissed. 
ated by adding ~ (from bovine hemoglobin) to the extract 
wherein hemin is removed from the enzyme the following 
likely mechanism: 

Globin + Hemin-A rotein=— = Hemoglobin + Apoprotein 
Addition of hemin teverses globin inhibition. Hernatopo * 
rin, ferrohematoporphyrin, ferrihematoporphyrin, ferrous 
and ferric ions cannot replace hemin as the prosthetic gr 
Hemoglobin and methemoglobin, but not cytochrome ¢, 
their iron porphyrin groups to reactivate the apoprotein. Un. 
like thyroia peroxidase, salivary peroxidase is not separated 
into the two moieties by these methods. The reversible 
dissociation has been observed with iodide peroxidase from 


d with ae : 
Bolder Wispdrted in part by a VES. BA. Beicremti ns Matter 


Biochemistry 

THYROID DPNH OXIDASE ACTIVITY AND TYROSINE IODINATION S. J, 
Klebanoff and C. Yip*. The Rockefeller Institute, New York, 

The oxidation of DPNH in the presence of Mn*", Oxygen, cer- 
tain phenolic compounds and sulfite ions is stimulated by very 
low concentrations of peroxidase. A beef thyroid particulate 
preparation was found to exhibit DPNH oxidase activity as meap 
ured by the fall in optical density at 340mu of a reaction nix 
ture which contained 200 pmoles of phosphate buffer pH 7.0, 
0.3 ywmole of DPNH, 0.5 gmole of MnCl, the thyroid preparation, 
2.0 ymoles of dichlorophenol, 1.0 pmole of sodium bisulfite 
and water to a final volume of 3.0ml. The supernatant solu- 
tion largely inhibited the DPNH oxidase activity of the par- 
ticulate fraction. The inhibitors could be removed by di- 
alysis or collected by ultrafiltration. The inhibitory ef- 
fect of the ultrafiltrate was reduced but not abolished by 
ascorbic acid oxidase. Ascorbic acid inhibited the oxidation 
of DPNH by this system. The particulate DPNH oxidase was 
solubilized with 1% digitonin and repeated freezing and thaw- 
ing and partially purified by ammonium sulfate precipitation. 
The preparation was tested at each step in the purification 
for its ability to convert inorganic iodide to organically 
bound iodine in a system supplemented with KI, tyrosine, glu- 
cose and glucose oxidase, and a close correlation was found to 
exist between DPNH oxidase activity and the ability to iodin- 
ate tyrosine. (Supported by USPHS grant A-2772). 


Pharmacology 
THE METABOLIC EFFECTS OF IOCDINATED SALICYLATES IN 


NORMAL, HYPO- AND HYPERMETABOLIC RATS. see 
and K.M. et Dept. of Pharmacology, Schoo 
of Medicine, University of Virginia, Charlottes- 
ville, Va. 

Various amounts of salicylate, 5-iodo-salicylate 
and 3,5-diiodo-salicylate were injected into normal, 
thyroidectomized, and into rats made hypermetabolic 
by placing 3,3',5-triiodothyronhe in drinking water. 
The oxygen consumptions, rectal temperatures and 
pulse rates of these animals were determined. It 
was found that salicylate increased the metabolism 
of the normal and hypermetabolic rats but not the 
thyroidectomized animals. 5-iodo-salicylate increar 
ed the metabolism in the three groups. 3,5-diiodo- 
salicylate decreased the metabolism in the normal 
and hypo animals. The dosage of salicylate varied 
from 12.5 mgm. to 30.3 mgm. per 100 grams body 
weight, 5-iodo-salicylate from 8.4 mgm. to 20.6 mgm. 
per 100 grams of body weight and 3,5-diiodo-salicy- 
late from 1.0 mgm. to 20.6 mgm. per 100 grams body 
weight. Results with 5-bromo-salicylate were com- 
“oe to those obtained with 5-iodo-salicylate. 

he effects of these compounds on rectal temperatures 
and pulse rates will be reported later. 
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Pharmacology 

HE THYROID IN PULMONARY INJURY OF ACUTE OZONE POISONING. 
p, J. Fairchild* and H, EB. Stokinger. Occup. Health Research 
i Training Facility, U.S. Public Health Service, Cincinnati, 0, 

Studies on humoral mechanisms of acute inhalation toxicity 
of ozone (03) followed the finding tha. brief treatment with 
thiourea derivatives protected against lethal pulmonary edema 
(LPE) induced by oxidant gases (Fairchild, et al. Science, 130: 
ghl, 1959). These thiourates, given acutely, are in themselves 
producer s of LPE; chronically they produce thyroid hyperplasia. 
Accordingly, thyroid-blocking agents were given in food or 
yater to mice and rats and tested against acute 03 effects. 
Agents used were: thiourea 2h -napthylthiourea 0.05%, sulfa- 
diazine 1%, 3-amino 1,2,4 triazole 0.1%, 1-methyl-2-mercapto- 
inidazole 0.01%, and potassium perchlorate 1%, Treatment var- 
ied from 14 te 60 days, after which, treated and untreated con- 
trols were exposed to 03 lethal for the majority of controls. 
All agents significantly protected against otherwise LPE, 
Feeding of thyroid (0.1%) counteracted protective action, and 
thyroid alone or injections of thyroxine or triiodothyronine 
augmented oxidant toxicity. The adversity of the latter treat- 
ments is attributed in part to potentiation of catechol amine 
effects by thyrcid hermone, whereas antithyroid compounds 
lessen the action of adrenal principles in Q3 stress, Recent 
york points to additional factors interrelating the pituitary- 
thyroid-adrenal axis in pulmonary damage by 03. 


Pathology 


ULTRASTRUCTURE AND FUNCTION OF THE RAT FETAL THYROID. 
Joseph D. Feldman and Stanley M. Kurtz*. Univ. Pgh. School of Med 
Pittsburgh, Pa. 

Pregnant rats were injected with 50-60yc of I!31 on day 16,17,18 or 
19 of gestation. 24 hours later the fetuses were removed and their thy- 
roids dissected out, counted for radioactivity and prepared for electron 
and light microscopy. Concentration of 1|31 was first observed on day 
19 of gestation and hormonal synthesis was coeval with this event. The 
most obvious structure to appear in the 19 day fetal thyroid was a rough 
surfaced endoplasmic reticulum. On day I8 this organelle was either 
absent or was composed of a few widely dispersed small round or oval 
profiles; on day 19 the extent and complexity of the ergastoplasm 
approached that of the adult thyroid. The golgi element, although 
occupying a relatively large part of the cytoplasm, appeared inactive. 
Droplets, characteristic of the adult gland, were absent in fetal thyroid 
cells. These observations suggest that the rough surfaced endoplasmic 
reticulum is associated with both |/3I uptake and hormonal synthesis, 
although the precise concatenation of intracellular events is unknown. 
(Supported by a grant from USPHS #C-4043(C2). ) 











Nutrition 


PARTIAL PURIFICATION OF A THYROID HORMONE- LIKE 
SUBSTANCE IN HOG DUODENUM. C. J. Ackerman and V. 
Tsou,* Va. Polytechnic Institute, Blacksburg, Virginia 

Hog duodenum, treated with pepsin and papain for three 
days at pH 5, was extracted 9 times with butanol. The in- 
soluble layer was dried and saved. The butanol layer was 
dried, dissolved in NaOH and then adjusted to pH 6. The 
pH 6 precipitate and the butanol insoluble layer stimulate the 
growth of goitrogen-fed rats. All activity is lost when the 
butanol insoluble layer is treated with trypsin or pancreatin 
atpH 8, The pH 6 precipitate was ineffective in preventing 
goiter in thiouracil fed rats. It may be recovered from 
Dowex 1-Cl™ columns by elution with 0,5N NaOH, but it is 
not retained on Dowex 50-H* columns, The Dowex 50 eluate 
contains no iodine and does not react with ninhydrin, It is 
stable to boiling with 1N HCl for 18 hrs., but it is destroyed 
Within 6 hrs. by boiling in NaOH. (Treated identically, 
triiodothyronine (T3), is stable to NaOH, but is destroyed by 
HCl.) When fed, the effect on growth and organ weights of 
thyroidectomized and hypophysectomized rats is similar to 
the effect of T3 except that it is ineffective when injected 
into hypophysectomized rats. 





Nutrition 


VITAMIN B,>2 AND THE THYROID IN REPRODUCTION OF RATS. Bacon F. 
Chow, Kunio Okuda*, Ernestine B. McCollum & Jeng M, Hsu.Johns 
Hopkins Univ., Sch. of Hyg., & V.A. Hosp., Balto., Md. 
Thyroidectomy impairs the absorption of vitamin B,2 which 
is essential for the reproduction of rats. It was, therefore, 
of interest to etudy the interrelationship between thyroidec- 
tomy & By> deficiency in reproduction. The following points 
are of interest: (a) deficiency of B,> in young female rats, 
induced by (1) feeding hog intrinsic factor (IF) preparation 
which prevents absorption of vitamin B,2, (2) administration 
of Byo antagonist which interferes with the metabolic activity 
of Byo, or (3) dietary deprivation of By5, results in reduc- 
tion of infertility ranging from 50 to 100%. Injection of Byo 
to such animals prevented this anomaly. (b) Fertility of thy- 
roidectomized rats is nil. The administration of By. or thy- 
roid alone improved fertility only partially, but completely 
if in combination at proper dosages. (c) Thyroidectomy 
results in a dimunition of By2 reserve as shown by the reduc- 
tion of B,> serum levels of the operated rats, from 0.98+0.06 
mug for control rats to 0.75+0.07 mug/ml for operated rats. 
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Physiology 


DEIODINATION OF I-131-TRIIODOTHYROPROPIONIC ACID, S.L. Jones* 
Dept. of Physiology, University of Tennessee, Memphis, Tenn. 

Studies of the effect of antithyroid compounds on the 
deiodination of I-131 labeled triiodothyropropionic acid (T; 
Prop.) were done on male albino rats. Animals were fed a 
synthetic, low iodine diet and injected daily during 1) days 
with 2.5 ng. of T3 Frop, mixed with I-131 labeled T; Frop. 
Four rats were fed 0.03% propylthiouracil (PIU) in their diet 
and four rats received 1% KC10), in the drinking water. Urine 
and feces were collected every other day and analyzed for 
radioiodine, After equilibrium rats fed KC10) excreted in 
the urine 93 + % of the daily injected I-13l and only 13 + 
1.6% in the feces. In contrast, rats fed PTU excreted l6 + 
3.2% in the urine and 50 + 10% of I-131 in the feces, Flasma 
FBI was 0.5 pg% in rats given KC10}), compared tc 1.5 + 0.29 
pgs in the animals fed PTU. Likewise, total body retention 
in rats fed KC10) was 51 + 12.5% of the daily T Prop. dose, 
compared to 15) + 39% in rats given PTU. Therefore, PTU 
impaired the deiodination of T, Frop. as PTU has been reported 
to impair the deiodination of thyroxine (Jones and Van 
Middlesworth, Endocrinology, in press). 


Physiology 
RESIN CHROMATOGRAPHY OF 1151 LABELED AMINO ACIDS IN SERUM FROM 


HUMANS. G. L. Searle, W.A. Reilly*, and K. G. Soott. Radio- 
Leotope SGEVISG. Watered Eide Mee cat Watlaeae lee Be- 
search Center, Univ. of Calif. Med. Center, San Francisco, Cal. 

The method described by S. R. Lerner (Federation Proceed- 
ings, Vol. 19, No. 1, March 1960) for the chromatography of 
iodinated amino acids on sulfonated pelpenrems resins, has 
been adapted for the seperation of the 1151 labeled amino acid 
in the serum of patients who have received 1151 todide for 
scan and evaluation of thyroid function. Serum is adjusted to 
pH 3.7 with 10% formic acid and is then poured over a 1.5 x 20 
om colum of Dowex 50-x-4 resin 30-35 microns, equilibrated 
with pH 3.7 ammonium formate buffer 0.2N. Iodide ic washed 
through the colum and the iodinated tyrosines are eluted with 
pH 4.5 buffer 30% ethanol. A pH 9.2 buffer 30% ethanol is 
then used to elute the thyronines. The eluant from the colwm 
is collected in 1.5 co fractions and assayed for 1151 in an 
automatic sample changer well counter. The limitations of the 
method as regards the maximum amount of a that may be used 
and the minimum amount of protein bound I activity that may 
be specifically identified are being investigated. Thus far 
monoiodotyrosine, diiodotyrosine, and thyroxine have been 
seperated from a 17.5 co serum equple which contained a total 
of 0.0022 uo of protein bound 1151, 








Biochemistry 


SOLUBILIZATION OF THE MITOCHONDRIAL MONIODOTYROS INE-PRODUCING 
ENZYME SYSTEM OF THYROID TISSUE. Philip Witonsky* and Sam 
Kirkwood. Dept. of Ag. Biochem., Univ. of Minn., St. Paul l, 
Minn. 

Thyroid tissue is known to contain two enzyme systems cap- 
able of synthesizing moniodotyrosine (MIT). One of these 
systems is soluble, produces free MIT, and requires supple- 
mentation with tyrosine and Cutt; the other is bound to mito- 
chondria and produces protein-bound MIT without supplementa- 
tion. The mitochondrially-bound system has been solubilized 
through the use of the detergent triton. The properties of 
this solubilized system have been compared with both those of 
the mitochondrial system from which it is derived and those of 
the previously known soluble system, All three require H202 
for their action. The endogenous activity of the solubilized 
system is increased by supplementation with Hp02, Cu* or Mn++, 
The endogenous activity is completely inhibited by EDTA and 
partially inhibited by the specific cuprous-complexing agent 
neocuproine. The inhibition produced by both of these agents 
is overcome by Ho02, indicating that the endogenous activity 
is probably due to H902 produced by an autoxidation process 
involving divalent metal ions and that a part of this process 
involves the cupric-cuprous cycle. The specificities of all 
three systems have been investigated and found to be similar, 
but not identical. (Supported by NSF grant G-7127). 





Biochemistry 
METABOLISM OF 3,3' DIIODOTHYRONINE. Eunice V. Flock, Jesse 
L, Boliman* and George H. C. Stobie.* Mayo Clinic and 
Mayo Foundation, Rochester, Minnesota. 

3,3' Didodothyronine (3,3' T2) has been shown to be a 
common metabolite of both triiodothyronine (T3) and thyroxine 
(T4) in the dog. 3,3' T2 labeled with 1/3! in position 3' 
was injected into dogs with biliary fistulas and into others 
after hepatectomy. This substance also was administered to 
normal rats and to Gunn rats with biliary fistulas and to the 
perfused rat liver. These studies indicate that iodine in the 
3' position is removed rapidly by the liver, and very slowly 
by extrahepatic tissues from 3,3' T2. Most of this iodine is 
excreted in urine as radioactive iodide by the dog or rat. 

In the perfused rat liver preparation, radioactive iodide 
accounted for all the radioactivity in the blood by the 
fourth hour and also was excreted in bile. Not all the 
3,3' T2 was deiodinated by the liver, but some was excreted 
in the bile as the sulfoconjugate by the dog and normal rat, 
and some, as the glucuronide by the rat. In contrast, the 
Gunn rat excreted in the bile chiefly a different conjugate 
which was not hydrolyzed by either § -glucuronidase or 
Mylase P. Dehepatized dogs excreted much less radioactive 
iodide from 3,3' T2 in urine than the dog with a liver but 
excreted large amounts of 3,3' T2 sulfate with smaller 


owe of a substance which appeared to be 3' monoiodothyro- 
nine. 


Biochemistry 


EFFECT OF VARYING CONCENTRATIONS OF 1131 oN INCORPORATION OF 
IODIDE INTO PROTEIN BY SHEEP THYROID HOMOGENATES. George C. 
Schussler”. U. S. Army Med. Rech. & Nutr. Lab., Denver, Colo. 
In such homogenates the formation of protein-bound mono- 
iodotyrosine is inhibited by an endogenous, dialysable, sulf- 
hydryl-containing compound pr d to be glutathione 
(Schussler & Ingbar abst. Endocrine Society June 1959). Be- 
cause of the known susceptibility of sulfhydryl compounds to 
ionizing radiation, studies were undertaken to determine 
whether variation of tracer 1131 radioactivity would alter 
the rate of protein iodination in the thyroid homogenate. 
Chromatographic techniques demonstrated a marked increase in 
the formation of both protein-bound iodine and a previously 
described unidentified qonpount in the presence of increasing 
concentrations of NaI'3', This stimulation is usually maximal 
at between 120 and 240 microcuries in 2 cc. of a \7 dilution 
of thyroid homogenate. Further increases in NaI'3!' concen- 
tration result in a decreased formation of both iodinated 
compounds. Although themselves stimulatory, prior dialysis 
of the homogenate, as well as the addition of norethylmalei- 
mide, a specific sulfhydryl inhibitor, decrease or abolish the 
stimulatory effects of increasing concentrations of Nal 1, 
This suggests that irradiation stimulates the iodination of 
thyroid protein by destroying the endogenous inhibitor. 
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EFFECTS OF STARVATION ON METABOLISM AND ENZYME CONTENTS op 
ADIPOSE TISSUE. W.S. L Jr., Rose Brown*, and 
Earnhardt*. Duke University Medical Center, Durham, NW, ¢, 
After 48 hours of fasting, rat epididymal fat pads 
the following: 1) O2 consumption per mg. of nitrogen ig de. 
creased, 2) release of fatty acids following epinephrine stip. 
ulation is decreased, 3) lactic acid production is inc 
this being stimulated by insulin, and 4) fatty acid synthesi, 
from glucose or pyruvate is strikingly inhibited and ig not 
restored by insulin, biotin, thiamine or yeast extracts, [y 
an effort to understand these changes many assays of tissue 
extractable enzyme were performed. The activities were ex. 
pressed per mg. of extractable nitrogen. The activities of 
glucose-6-phosphate dehydrogenase, hexokinase, crotonyl (oA 
dehydrogenase, various lipases, phosphoglucomutase, and DP 
cytochrome C reductase are decreased. Lactic dehydrogenase, 
malic dehydrogenase, phosphorylase, glutathione reductase, 
and glutamic acid dehydrogenase are unaffected. However, 
various phosphatases are increased. These results are inter. 
preted to mean that the striking alterations of cellular 
metabolism following starvation represent, in part, altered 
activities of various cellular enzymes. However, after 5 
days of fasting, extractable enzyme activities per mg. of 
extractable protein return to normal values. (Supported by 
a grant from the U. S. Public Health Service). 
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Physiology 


FREE AND BOUND THYROXINE IN SERUM. Kenneth Sterling* and 
Milton Tabacnhick*. Dept.of Internal Medicine, N.Y.State 
Psychiatric Institute,and Dept.of Psychiatry,Columbia Univer- 
sity College of Physicians and Surgeons, New York, N.Y. 

Many previous reports have dealt with the serum transport 
of thyroxine and its analogues,and the binding by various pro- 
teins on electrophoretic fractionation. Although a minute moi- 
ety of "free" or "unbound" thyroxine has been postulated, its 
existence has not thus far been verified experimentally. In th 
present work free thyroxine has been demonstrated by dialysis 
through cellophane. 1131_1abeled thyroxine was added to serum 
in tracer amounts,i.e., the increment in serum thyroxine iodim 
concentration was 0.2 mg per 100 ml. or less, a physiologi- 
cally insignificant change. Part of the radioactivity in the 
dialysate was identified chromatographically as thyroxine. The 
passage of thyroxine through a cellophane membrane was also 
found on dialysis of serum from a thyrotoxic patient who had 
previously received radioactive iodine therapy. Earlier elect- 
rophoretic studies have supported the view that biosynthesized 
hormone in serum is bound in precisely the same fashion as thy- 
roxine added to serum in vitro. Comparison between dialysis 
studies has cast doubt upon the validity of the evidence based 
on electrophoresis. (Work done under contract by the U.S.Atomic 
Energy Commission, and supported by grants from the National 
Institutes of Health and the American Cancer Society). 





Physiology 


THYROXINE ACTION ON INCORPORATION OF PROLINE INTO KIDNEY 
SLICE PROTEIN. R. W. Hanson*, R. H. Lindsay* and S. B. 
Barker. Dept. of Pharmacol., Univ. of Tabane Med. Center, 
Birmingham, Ala. 

When incubated at 37° slices of rat kidney cortex from 
thenghdectontsed animals incorporate measurable quantities 
of C*4-proline into tissue protein. Thyroxine (1,) does not 
affect incorporation under these conditions. Slices exposed 
to 5° for two days in the same solutions and then incubated 
at 37°, incorporate approximately 3 times as much proline in 
the presence of Thy» but less than those not exposed to 5°. 
After the 5° exposure the Tj, maintains oxygen consumption 
comparable to the 37° incubation but the controls fail rapid- 
ly- The results of both incubation procedures show that a 
linear relationship exists between Qo, and ths log of total 
protein incorporation of the amino acid. They further 
Suggest that the effects of Ty, are preservative rather than 
stimulatory since its effects are only noted in a metaboli- 
cally failing system. (Supported by USPHS-NIAMD Research 
Grants A-15)5 and A-32)1). 
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Physiology 


THYROXINE EXCRETION IN LACTATING RATS Clark E. Grosvenor 
Dept. of Physiology, Univ. of Tenn, Medical School, Memphis 
Each of 1 lactating rats maintained on Purina Lab Chow 
yas separated from her litter of 6 on postpartum day 14, in- 
jected subc. with 1 uc thyroxine I131 (abbott) and placed in 
g metabolism cage. Sixteen hours later the urine, feces, 
and milk were assessed for radioactivity (Milk radioactivity 
yas determined by counting the litter after they had with- 
drawn, with the aid of oxytocin, practically all milk se- 
ereted during the 16 hours separation of mother and young). 
The kidneys of lactating rats excreted 10.7% of the injected 
dose in 16 hours compared with 17.8% for 9 control non- 
lactating female rats, An additional 11.0% of the dose in 
lactating rats was excreted in the milk, In the lactating 
rats, 30.7% of the dose was excreted in 34.5 g of feces (wet 
wt.) in comparison with 18.5% in 10.3 g of feces for controls. 
The observed rise in thyroid hormone output in lactating rats 
nay partly reflect a compensatory adjustment by the thyroid 
gland in which more hormone is manufactured to offset the 
increased loss of thyroxine via the feces, (Supported by 
genior Research Fellowship SF-365 and Grant A-3637 from the 
public Health Service) 


Physiology 


Thyroxine Binding by Albumin. G. L. Tritsch*, Roswell 
Park Memorial Institute, Buffalo, N. Y. 

The binding of thyroxine by human serum albumin has 
been investigated. The measurements of the binding are 
based on the observation that thyroxine has a stimulatory 
effect on the oxidation of DPNH by H202 in the presence of 
peroxidase. This stimulatory effect is reversed by albumin, 
and it will be shown that this is a quantitative measure of 
thyroxine binding by albumin. At pH 7.35, four moles of 
thyroxine can be bound by one mole of albumin;the first two 
are held about five times as tightly as the next two. The 
binding was influenced by pH, and when the moles of thyro- 
xine bound per mole of albumin were graphed versus pH, it 
became apparent that the functional group responsible for 
the binding of thyroxine to albumin had a pK of about 6. 7. 
From spectrophotometric titration studies, the pK of the 
phenoxy] of thyroxine was found to be 6. 73. This, therefore, 
constitutes presumptive evidence for the suggestion that the 
phenolic hydroxyl ion is the portion of the thyroxine molecule 
that becomes attached to the albumin molecule when the 
former is bound by the latter under the experimental 
conditions used. 


Physiology 


INHIBITION OF OXYGEN CONSUMPTION OR RAT LIVER HOMOGENATES BY 
CHELATORS. H. J. Lipner and C. Mintz.* Division of Phy- 
slology, Dept. of Fivisgical Sciences, FSU, Tallahassee, Fla. 
lipner, et.al. (Physiologist 2:1959) have indicated that 
athyroid rat liver, heart and kidney accumulate copper and 
that similar hyperthyroid rat organs show either no apparent 
change or a decrease in copper content as compared with simi- 
lar organs from intact rats. The inhibitory effects of 2,9- 
dinethyl-1,10-phenanthroline (I), 1,10-phenanthroline (IT), 2, 
e'-bipyridyl (III), and ethylenediaminetetraacetic acid (IV) 
on the oxygen consumption of rat liver homogenates have been 
compared. The concentration of each that caused 50% inhibi- 
tion was respectively 1.0x10~6M, 5x10"?m, 3x10°'M and only 
> een IV at 1xl0"3M, ‘The effect of I on liver homogenates 
t, athyroid, and at id-thyroxine trea’ rats 
us stuliea. Lt ths concentration oF f aoe, ch 50% inhibi- 
tion was obtained, the liver homogenates from athyroid rats 
showed a 38% inhibition and athyroid-T,, rat liver 
shoved a 75% inhibition. The effectiveness of a relatively 
specific copper chelator on the inhibition of oxygen consump- 
tion may well be a function of the copper content of the 
ttochondria of the cell. A working hypothesis to 
these observations is that thyroxine influences the level of 
cellular copper available for oxidative functions. 
(Supported by a P.H.S. grant). 
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Physiology 


PLASMA PROTEIN FACTORS INFLUENCING THYROXINE METABOLISM. 
Wang Yen.* Dept. Radiology, Jefferson Med. Coll., Phila., Pa. 
Factors affecting the uptake of 1131 labelled triiodo- 
thyonine (1131-13) in erythrocytes and the mechanism of binding 
is under study. Binding capacity of erythrocytes appears to be 
a measure of metabolic activity as influenced by a plasma 
hormone-enzyme complex. Two protein fractions which modify the 
degree of uptake have been separated from plasma. One tends to 
inhibit erythrocyte binding activity and the other accelerates 
it. These substances are tentatively identified as "anti- 
thyroxinase" and "thyroxinase" respectively. The antithyrox- 
inase fraction, when tested in rats, appears to actively bind 
the thyroxin to yield an apparently inactive form. The same 
effect is also demonstrated in vitro. Rat experiments lead to 
the conclusion that the “antithyroxinase” effectively competes 
for exogenous thyroxine, thereby reducing or eliminating the 
suppressive effect of thyroxine activity of the thyroid gland. 
Thus, it appears that thyroid activity is not only dependent 
upon pituitary TSH and the thyroid gland itself, but is 
affected indirectly by the plasma concentrations of the 
hormone-enzyme complex at the peripheral level. 


Physiology 


THE ROLE OF THE AMYGDALOID COMPLEX IN THE REGULATION OF ANTI- 
DIURETIC HORMONE. James N.Hayward* and Wilbur K.Smith,Univ.of 
Rochester School of Medicine, Rochester,N.Y,. 

Stereotaxic exploration of the limbic system has been under- 
taken in rhesus monkeys in order to identify the structures 
involved in the release of antidiuretic hormone and in the inhi- 
bition of this release, Antidiuresis was evaluated on the basis 
of changes in urine flow and in osmolality as well as on free 
water,osmolal and endogenous creatinine clearances.The nuclear 
groups of the amygdaloid complex were stimulated electrically 
in conscious,hydrated monkeys conditioned to sit in a restrain- 
ing chair.Electrodes were placed in the medial nucleus,the lat- 
eral part of the basal nucleus,the deep portion of the medial 
part of the basal nucleus and the lateral part of the accessory 
basal nucleus. Following a ten minute period of stimulation of 
each of these amygdaloid nuclei,there occurred a marked drop in 
free water clearance and urine flow with a rise in urine osmo- 
lality without any significant changes in osmolal or endogenous 
creatinine clearance, The average duration of the antidiuretic 
response was sixty minutes. Following stimulation of the poste- 
rior lateral part of the basal nucleus transient diuresis and a 
drop in the urine osmolality has been observed for several 
minutes preceding the usual antidiuretic response.These results 
suggest that the amygdaloid complex plays an important role in 
the regulation of antidiuretic hormone and hence in water bal- 
ance. (Supported by Grant B-1840,NINDB). 


Biochemistry 


THE BINDING OF L-THYROXINE AND I-TRIIODOTHYRONINE BY HUMAN 
SERUM ALBUMIN. Milton Tabachnick* and Kenneth Sterling*. Dept. 
of Internal Medicine N.Y.State Psychiatric Institute and Dept. 
of Psychiatry,Columbia University College of Physicians and 
Surgeons, New York, N. Y. 

The binding of L-thyroxine (Ty) and L-triiodothyronine (Tz) 
by albumin has been studied using equilibrium dialysis. At 30° 
and pH 7.4 in phosphate buffer, 0.15 ionic strength, 4 moles of 
T, are bound at the first binding site,n}, with an association 
constant,k;, of 103,000. The second binding site, n2, deter- 
mined at pH 9.8 is approximately 20 with kp equal to 1,000. 
Binding of T, was not greatly affected by increased pH (to 9.8). 
In contrast, the binding of T3 was markedly affected by pH. At 
pH 8.6 and 9.8, n, for Tz is between 3 and 4 with an associa- 
tion constant of about 60,000. At pH 7.4, kj for Tz is re- 
duced to 1/5 the value observed at the higher pHs. Ty, and Tz 
compete for the same sites at pH 8.6 and 9.8, but little com- 
petition was observed at pH 7.4. Binding of Ty was markedly re- 
duced when 45% of the lysyl epsilon-amino groups were blocked 
by acetylation. These results implicate the epsilon-amino 
groups of lysine as the physiologically important sites for 
the binding of Ty by serum albumin. (Work done under contract 
with the U.S.Atomic Energy Commission, and supported by grants 
from the National Institutes of Health and the American Cancer 
Society). 








Biochemistry 


EFFECTS OF THYROXINE ON AMPHIBIAN PANCREAS: DIGESTIVE ENZYME 
LEVELS AND SUBCELLULAR STRUCTURE IN METAMORPHOSIS. J. R. 
Claybrook* and Robert E. Eakin. Clayton Fndn. Biochemical 
Inst. and Dept. of Chemistry, Univ. of Texas, Austin. 

It is known that anatomical changes occur in the digestive 
tracts of various species of Rana during their metamorphosis, 
appropriate to the accompanying dietary changes. Microdeter- 
minations of constituents of Rana pipiens pancreas homogenates 
including lipase, amylase, ribonuclease, pro-enzymes of tryp- 
sin and chymotrypsin, and total proteins have been carried out, 
giving quantitative information on a number of specific pro- 
teins synthesized by the gland. Despite a great reduction in 
the size of the gland, ‘specific activities of some of the en- 
zymes remain almost constant during thst period of spontaneous 
metamorphosis which appears to be dependent on thyroxine. The 
specific activity of amylase decreases to one-eighth its ini- 
tial value, and the activity of trypsin increases. Stimula- 
tion of anatomical metamorphosis by exogenous thyroxine pro- 
duces changes in enzymatic levels comparable to those observed 
in spontaneous metamorphosis. Electron micrographs reveal 
subcellular structure similar to that of mammalian pancreas, 
and a characteristic pattern of change during spontaneous or 
thyroxine-accelerated metamorphosis, including increases in 
the number of mitochondria, but a change in appearance ana a 
decrease in the number of zymogen granules. 





Biochemistry 
Mobilization of Tissue Cholesterol by 3,5 Diiodothyroacetic 
acid (Diac). W.R.Ruegamer and F.R. Silverman*, Radioisotope 
Laboratories, Veterans Hospital and Department of Biochemistry, 
State University of New York, Upstate Medical Center at 
Syracuse. 

It has been shown that orally administered 3,5 diiodothyro- 
acetic acid (Diac) is a very effective mobilizer of certain 
cholesterol deposits in the cholesterol fed rat, and that in- 
creased amounts of dietary protein supplement the action of 
Diac. The liver weights of animals receiving cholesterol 
were increased approximately 25%, and Diac administration 
restored these values to chow diet control levels. The over- 
all change in liver weight was due to changes in total lipid, 
total carbohydrate and water content. The change in total 
lipid may be attributed to a loss of free and esterified 
cholesterol. Although 5 mg% Diac in the diet produced the 
greatest affect on elevated tissue cholesterol concentrations 
without affecting oxygen consumption and growth rates, other 
thyroxine-like compounds may also exhibit this preferential 
affect on cholesterol concentr<tions when fed at different 
levels. For example, 0.40 mg% thyroxine and 0.05 mg% tri- 
iodothyropropionic and triiodothyroacetic acids achieved the 
same affect as 5 mg% Diac. The latter derivatives were 
found to possess approximately 8 times the calorigenic 
activity of thyroxine when fed orally in the diet, whereas they 
are only 1/10 as active when injected. 


Biochemistry 

METABOLISM OF L- AND D-THYROXINE BY L-AMINO ACID OXIDASE. 
Adaline N. Mather* and Shirley K. Carrollt Baxter Laboratories 
Morton Grove, Illinois 

The L-amino acid oxidase in moccasin venom has been re- 
ported to metabolize L-thyroxine+I131(L-T,*) to a slight ex- 
tent (Nakana et al., Endocrinol. 65, 242, 1959). We have 
found that the crude venom will oxidize 30 to 50% of L-T,* in 
Tris buffer, pH 7.2, in 3 to 4 hours. The reaction product 
has been tentatively identified as tetraiodothyroacetic acid 
(Tetrac) by paper chromatography in 3 solvent systems. Quan- 
titative separation of Tetrac from T, and I” has been achieved 
by column chromatography on DEAE cellulose. Aliquots of re- 
action mixtures were placed directly on 0.3 x 5 cm. columns 
equilibrated with pH 6.0 Ne acetate buffer, and eluted with 
buffers of decreasing pH, followed by dilute acid. Radio- 
activity was measured in a liquid scintillation counter, and 
products were identified by paper chromatography. With these 
techniques it has been possible to show that the reaction is 
linear over a wide range of L-T,* concentrations. D-T, did 
not inhibit the reaction even when the ratio of D to L isomer 
was 700:1, and D-T,* was not metabolized by the enzyme. It 
would therefore be possible to detect less than 0.5% of the 
L-isomer in D-T,. Quantitative data obtained from several 
preparations of L- and D-T, will be reported. 
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Pharmacology 
COMPARATIVE CHRONIC TOXICITY OF THE STEREOISOMERS OF 
THYROXINE. P. J. Garvin*, R. B. J s*, and R. M. Gesler, 
Baxter Laboratories, Inc., on " ‘ 

Na D- or L-thyroxine(T,) was administered to Sprague- 

rats in the diet for 1 year at concentrations approximating 
10, and 100 mg/kg and to beagle dogs by gavage for 6 months at 
doses of 4, 20, and 100 mg/kg of D-T, and 20 mg/kg of L-™, 
Thyrotoxicosis as evidenced by depressed growth rate, ’ 
food consumption, and death occurred in rats fed 10 or 
more of D-Ty or 1 mg/kg or more of L-T),, and terminal serm 
cholesterols were unexpectedly increased. Female rats were 
less sensitive than males. Rats fed thyrotoxic levels of 10 
mg/kg of D-T, or 10 or 100 mg/kg of L-T, died within 3 months, 
Subendocardial necrosis or scarring was observed hist ' 
in most of these animals. The incidence and severity of the 
cardiac lesions appeared to be related to the mortality. \ of 
6 dogs given 20 mg/kg of L-T, died, although one survivor was 
normal throughout the study. All of the dogs medicated with 
D-T, survived, and none developed signs of thyrotoxicosis. 
Serum cholesterols in all of the dogs were consistently de- 
pressed. The fact that D-T, was mch less toxic to dogs than 
to rats suggests a species difference or a more limited ab- 
sorption when given by gavage than when fed ad lib. in the 
diet. Toxicity in the rat as indicated by thyrotoxicosis 
appears to be related to the metabolic activity of the isomers, 
and thus D-Th is about 1/10th as calorigenic as L-Th, 
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Physiology 

BASAL METABOLIC RATE OF THE GOLDEN HAMSTER. P.O.Bramante* ani 
A.K.Ray*.Dept.of Physiology,St.Louis U.Med.School,St.Louis,Mo, 

Instability of calorigenesis at rest of the non-hibernating 
hanster,and discrepancies in the reproduction of results, have 
been reported,possibly because of the peculier "nervousness"of 
the animal and its frequent moverients during the determination, 
To establish the 3MR of this animal,O> consumption (Vo,) and 
spontaneous muscular activity (SMA) were contimuously recorded 
for 50 periods of 23 hrs.in 20 adult hamsters (Wt.90-150 Gm.) 
with an apparatus described elsewhere (J.A.P.14:1063, 1959), 
Analysis of the records of about 6000 one-minute periods showel 
that:1.The significant correlation between Yo, and SMA,found in 
the normal rat (Fed.Proc.19:174,1960) was not always demonstre- 
ble here; 2.Significant variations of Yo, were found when no 6M 
could be detected;3.Wide differences of at comparable levels 
of SMA could be observed in the same ental and among like sper 
imeng}}. Lowest to, did not necessarily coincide with lowest SMA; 
5.Only tentative conclusions could be drawn as to the most re 
liable value of "least"or"basal" »These results, obteined 
with a technique which had proven satisfactory in the case of 
the rat,indicate that important errors can be easily introduce 
when establishing,especially for comparison purposes, the basal 
oxygen consumption of the golden hamster. (Aided by grants of 
the St.Louis Heart Assn. and the USPHS,A-3367.) 


Physiology 


OXYGEN DEFICIT AND REPAYMENT IN MILD EXERCISE. L. Lukin* ani 
H. Ralston. Dept. of Physiology, The Ohio State University, 
Columbus, Ohio, and Biomechanics Laboratory, University of 
California, San Francisco, California. 

Oxygen consumption was measured for successive 3 minute 
periods with the open circuit method on human subjects a 
rest,exercioe(valking =) level treadmill at 2.2 and 4.5 ia) 
and recoyery,. compar son of the me 
repayment with the asured volumes Se ory cen depot te shovel 
a at on the average the repayment is 3.77 times larger 
than the deficit, and b) that, in view of the large standard 
deviations, neither the absolute volumes of the deficit nor 
the ratio of repayment to: deficit can be predicted for an im 
dividual test. During the so-called yee 5 state" of exer- 
cise the oxygen consumption fluctuated considerably for 
3 minute period. During the second phase of recovery 
the subjects had a somewhat lower oxygen oan then in 
rest. The duration of the exercise or 60 utes) had no 
obvious effect on the repayment. In step-down exercise there 
was a "partial repayment” upon a decrease in the intensity of 
exercise. It was concluded that the excess oxygen consump- 
tion during the first phase of recovery is not primarily a 
pang ms a a @ wasteful process caused b ra 
sort of "chervica a" of the tissue. magnitude 
the repayment may reflect the subject's erereiena? aa 
ability to adapt to rest, but it neither indicates the oa 
tude of the dericit nor that a deficit had been contracted. 
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Physiology 
EXPENDITURE OF OBESE PATIENTS DURING THE NIGHT AND FOR 

94 HOUR PERIODS. E, R, Buskirk, R. H. Thompson® and G, D. 


. Natl. Insts. of Health, Bethesda, Md. 

To ascertain long-term energy expenditure patterns in 
obesity, five young obese patients were studied in the 
Wetabolic Chamber continuously during the night hours (4 or 
gore tests/patient) and three for 24 hours (3 or more tests/ 

tient) while they participated in weight reduction regimens. 
One of three physical activity routines was followed during 
each 24 hour experiment: completely ad-lib activity; activity 
gatched to a time-motion study of ward life; or two hours of 
treadmill walking plus ad-lib activity for the remaining 
hours. Results to date, while not conclusive because of 
limited number of subjects, suggest the following: 1) a 
characteristic feature of certain obese patients was relative- 
ly low frequency of body movement during night hours; 2) dur- 
ing diet restriction treadmill walking clearly contributed 
to negative caloric balance by raising daily energy expendi- 
ture above the level associated with ad-lib physical activity; 
3) treadmill walking lessened the level of physical activity 
during the remainder of the day but not to the extent that 
contribution of walking to negative caloric balance was 
canceled; 4) during Chamber living daily energy expenditures 
of less than 1800 kcal have not been observed to date. 


Physiology 


MSTE VS.,"CALORIES" AS MODULATORS OF GLUCOSE INTAKE. Har: 
lL, Jacobs, Dept. of Physiol., university of nochester sch. of 
fied. and ventistry, Rochester, Ne Y. 

Dilution experiments are the major basis for the assumption 
that calories modulete food intake. When any food mixture is 
diluted with tasteless, non-nutritive material, taste decrease- 
es as caloric density drops. the present studies separated 
taste and caloric density by comparing intakes of saccharine 
{taste alone), glucose (taste plus calories) or corn syrup so- 
lids (calories predominantly) in various combinations. Sati- 
ated rats were allowed to choose between a test solution and 
water for 6 hours; dry stock diet was available as the third 
choice for 18 additional hours. Preferences appeared within 
the first hour. sweetening any solution did not increase in- 
take. the animals adjusted their intake of the various solu- 
tions offerred in two concentrations to produce a constant 
caloric input, regardless of the energy source or added sac- 
charine. Stock diet intake was highest when saccharine solu- 
tion alone was available and decreased when calories were pre- 
sent; the intake drop was the same regardless of the source of 
calories. onclusions; ‘the intake of glucose solution appear 
to be independent of taste. Although the potential energy of 
the ingesta is apparently the critical modulator, the inter- 
oceptive stimulus is presently unknown. 


Pharmacology 


CORTISONE AND METABOLIC RESPONSE TQ THYROID HORMONES. 
§. B. Barker and Hiroshi Shida*. Dept. of Pharmacology, 
iv. bama Med. Center, Birmingham. 
Donhoffer, reporting an immediate metabolic effect 
from hypophysectomized rats following a single injection 
of triiodothyronine (13) or triiodothyroacetic acid (Ac3), 
tlso noted cortisone blockade of this effect. We have been 
wable to confirm the immediate response and have found the 
doses specified (10 and 5 pg. per animal, respectively) too 
low for any consistent elevation of metabolic rate in the 
hypophysectomized animal. We have therefore raised the 
BMR of thyroidectomized rats with repeated injections of 
10 pg. T3 or 50 pg. Th/kg-/d. Superimposition of 5 mg. 
cortisone/kg./d. actually increased the already elevated 
BMR. Cortisone alone at this dosage raised metabolism 
65% In the hyperthyroid animals, the increase with 
cortisone was doubled, suggesting some interaction of the 
hormones. (Supported by USPHS-NIAMD Grant A-154,5.) 





Nutrition 


COMPARATIVE EFFECTS OF EXERCISE AND FOOD RESTRICTION ON BODY 
COMPOSITION AND BLOOD SERUM CHOLESTEROL CONCENTRATION IN RATS. 
E. M. Jones*, P. B. Johnson*, H. J. Montoye* and W. D. Van 
Huss*. Dept. Foods and Nutrition and De Health, Phys. Ed. 
and Recreation, Mich. State Univ., East Lansing, Mich. 

After blood samples were obtained for serum cholesterol 
analysis, 88 young adult male albino rats were divided into 4 
groups on a weight basis. Group A was sacrificed. The others 
were placed on the same ration on one of these regimens: B, 
sedentary with ad libitum food; C, exercise (swimming) with 
ad libitum food; or D, sedentary with food restricted so that 
weights were equal to those on C. After 15 weeks blood was 
taken and the rats were sacrificed. Various organ weights and 
carcass specific gravities were obtained. Proximate analyses 
were done on the carcasses. Aging increased body fat. The 
exercise rats were leaner than those in both sedentary groups. 
Although the rats on the restricted food were the same size as 
those on the exercise, their composition on a percentage basis 
approximated that of the inactive rats on ad libitum food. 
Serum cholesterol concentrations increased with age. The 
exercise rats had significantly smaller increases than the 
rats in both inactive groups. In this study exercise appears 
more effective than food restriction in controlling body fat- 
ness and blood serum cholesterol concentration, (Supported 
by a grant from the Natl. Insts. of Health.) 








Nutrition 


THE ESTIMATION OF METABOLIZABLE ENERGY FOR PREADOLESCENT 
CHILDREN. Charlotte W. Bedell,* Barton R. Farthing* and 
Dorothy S. Moschette. Dept. of Home Economics, La. Agric. Exp. 
Sta., Louisiana State University, Baton Rouge, Louisiana. 

A method has been developed which permits estimation of 
metabolizable energy for preadolescent children. A formula 
was devised through the use of multiple regression analysis 
from data obtained from 304 observations of 46 subjects 8-10 
years old. Calculated values agreed with values determined 
by bomb calorimetry within +2.4 percent with a multiple R of 
-998. Application of the formula to metabolizable energy data 
for children (published in Macy's Nutrition and Chemical 
Growth in Childhood) agreed within 73.8 percent with a multiple 
R of .989. A similar formula for adults was developed by the 
U. S. Army Medical and Research Nutrition Laboratory. Appli- 
cation of the Army formula to Macy's data for children agreed 
within 15.0 percent with a multiple R of .974, Both formulas 
require two determinations on a composite homogenized sample 
of the diet--gross energy (bomb calorimetry) and total nitro- 
gen. Application of the formula eliminates the necessity of 
collecting body excreta and of determining the caloric values 
of the urine and feces. The stated formla is metabolizable 
energy equals 1.004 times the gross energy minus 5.876 times 
the total dietary nitrogen minus the constant 95.667. 


Nutrition 


PERMEABILITY OF A BU''YL RUBBER BAG TO RESPIRATORY GASES. 
Cay] Alper, Anton Szutka*, and Joseph Seitchik*, Hahnemann 
Medical College, Philedelphie, 2, Pa. 

Studies in energy expenditure in human subjects require 
the assessment of earbon dioxide output during five or ten 
minute work periods end the accurate observation of time 
spent in deily activities. The Kofrenyi - Michaelis port- 
able respirometer which is used extensively is supplied with 
naturel rubber "football" bladders in which to collect the 
expired respiratory gases. It was soon observed that the 
rubber bladder could not be used to store the gases. 
Carbon dioxide diffused out at a rate of 28 - 30 &% in 24 
hours in agreement with other investigstors. Replacement 
of the collection sac with butyl rubber bladders resulted 
in diminished carbon dioxide losses, 1% in 2 hours and 
7-8 % in 24 hours. This reduced rate of diffusion loss 
would make desirable the general replacement of rubber 
bags used to collect expired respiratory gases by butyl 
rubber until a better substitute is available. (Supported 
by @ grant from the National Institutes of Health. ) 
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Physiology 


SUMMER-FALL VARIATION IN HUMAN URINARY EXCRETION OF ELECTRO- 
LYTES, NITROGEN FRACTIONS AND 17-HYDROXYCORTICOSTEROIDS. 
Henry B. Hale, James P. Ellis, Jr.* and Richard C. McNee*. 
USAF School of Aviation Medicine, Brooks AFB, Texas. 

Twenty-one men were studied over a 10-week period during 
which daily peak temperature declined from 95° to 54° F. 
(Sept. to Nov.). Two overnight (timed) urine specimens per 
subject per week were analyzed for Na, K, P04, urea, uric 
acid, creatinine, and 17-hydroxycorticosteroids (17-OHCS). 
Five of the men exercised daily, 9 exercised twice each week, 
and 5 never exercised (exercise was defined as cross-country 
runs of 3 or more miles). For the group as a whole there was 
significant variation with time in creatinine, Na/K, K, urea/ 
creatinine, and PO4/creatinine, the latter 3 variables in- 
creasing as temperature fell. For the exercising and non-ex- 
ercising subgroups there were different patterns of change for 
P04 and 17-OHCS excretion and the Na/creatinine, K/creatinine, 
and 17-OHCS/creatinine ratios. The conclusions are: (a) con- 
venient and meaningful assessment of metabolic state apparent- 
ly can be made by use of overnight urine specimens, (b) shifts 
in the excretion of certain metabolites or the ratios of these 
metabolites with creatinine occur with climatic transition; 
and (c) physical activity and/or physical fitness are factors 
which seem to interact with envir al infl and con- 
tribute to metabolic changes. 











Physiology 


FUNCTION AND LOCATION OF THE DIFFUSIONAL AND ELECTRICAL 
BARRIER IN SKIN. Konrad J. K. Buettner. Dept. of Meteorology 
and of Physiology, Univ. of Washington, Seattle 5, Washington. 

Human stratum corneum conjunctum shows distinct features 
in the electronmicrogram and in x-ray diffraction (G. Odland). 
Is this layer the sole diffusional and electrical barrier? 
After the conjunctum has been removed most barrier effects 
cease. Water and water vapor pass freely, at rates propor 
tional to their respective osmolarities. The water pump which 
normally exists in the skin also vanishes. This is proof per 
exclusionem that the conjunctum is the barrier. A more direct 
approach is offered by a new in vitro method. Pieces of con 
junctum separated from the skin are subjected to concentration 
gradients similar to those used in in vivo tests. Transfer 
resistance is roughly the same, in vivo and in vitro, for 
water vapor, alcohol and CCl). The last destroys conjunctum. 
Water vapor resistance in vitro changes with relative humidity 
and is irreversibly lowered after one day's exposure to air 
of 98% relative humidity. Water vapor and alcohol resistance 
are different from person to person. Electric resistance of 
the barrier in vivo is known only for skin saturated with 
saline. Corneum conjunctum in vitro shows large a.c. and d.c. 
impedance changes with the relative humidity. This effect is 
also greatly altered by pre-exposure to moist air. In vitro 
data at high humidities correspond to those of living salted 
skin. 





Physiology 


TOLERANCE OF MICE TO IMPACT FOLLOWING FREE FALL. Armand J. 
Gold*, Harry E. Hance*, Murray Kornhauser*, and Richard W. 
Lawton. Biosciences Operation, General Electric Missile and 
Space Vehicle Dept., Philadelphia, Pa. 

A study was made to establish impact tolerance of mice as 
a function of impact velocity and average acceleration. Re- 
strained mice were placed in a carriage dropped freely from 
controlled heights and were subjected to controlled inertial 
loads of relatively short duration. Occurrence of death was 
Selected as the index of irreversible damage, or failure. 
With only several exceptions, all of approximately 300 mice 
responded to impact forces in an all-or-none manner, either 
dying within 30 seconds or surviving indefinitely without 
permanent injury. By plotting impact velocities against 
average accelerations for mouse groups having mortality rates 
of 5% or 95%, two hyperbola-shaped curves were obtained. 
Assuming that the 5% mortality curve represented minimum 
damage below which no permanent injury occurred, limits of 
tolerance were found to approximate 20 fps (velocity) and 650 
g (acceleration). For the 95% curve, limits were 35 fps and 
1950 g, respectively. Post-mortem examinations indicated 
that death resulted directly from sudden displacement of the 
c.n.s., particularly of the brain, on impact and that fre- 
quently-observed pulmonary hemorrhage was of secondary 
importance. 
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OSMOTIC REGULATION IN THE EURYHALINE CRAB-EATING FROG 
CANCRIVORA) OF SOUTHEAST ASIA. Malcolm S. Gordon*, Knut 
Schmidt-Nielsen and Hamilton M. Kelly*. Depts. Zool., Univ, 
Calif., L.A., Calif. and Duke Univ., Durham, N. C. 

The crab-eating frog is the second species of euryhaline 
amphibian known and the first in which osmoregulatory mecha- 
nisms have been studied. These frogs were collected from a 
mangrove swamp on the Gulf of Thailand. Groups were placed 
in aquatic media of various salinities and the following quan. 
tities studied: Survival, weight change,4sp of plasma and 
urine, Cl, Na, K and urea in plasma and urine, p.d. and short. 
circuit current across isolated skin, desiccation rate in air, 
and salinity preference. Adult frogs tolerate salinities up 
to about 27 o/oo, tadpoles up to at least 34 0/oo. In high 
salinities adults apparently do not drink, but maintain water 
balance by osmotic uptake of water through the skin, blood ap 
being slightly above environmental sp. Increased blood ap 
in concentrated media is due partly to urea (up to 480 mm), 
and partly to inorganic salts. In concentrated media urinary 
Cl is much lower than plasma Cl, while urinary urea is nearly 
equal to plasma urea. Skin short-circuit current indicated 
that active uptake of sodium continues in concentrated media, 
Frogs in all acclimation states prefer sea water concentra- 
tions of 50% or lower. (Supported by grants from USPHS, NSF, 
and Associates in Tropical Biogeography) 


Physiology 


EFFECT OF CHRONIC COLD EXPOSURE ON CYTOCHROME 
C CONCENTRATION IN THE TISSUES OF THE RAT. George 
J. Klain. * Arctic Aeromedical Lab., APO 731, Seattle, Wash, 

It is recognized that the gradual decline in shivering 
thermogenesis during the course of chronic exposure is 
matched by a concomitant rise in nonshivering thermogenesis, 
To further examine this phenomenon the cytochrome C con- 
centration of the following organs of rats exposed to a cold 
stress were studied: liver, heart, spleen, lungs, kidney, 
and the gastrocnemius muscle. Rats weighing between 180 
and 200 grams were randomly segregated into control and 
cold-exposed groups. The latter were exposed in individual 
wire cages in a cold room to a temperature of 541°C for 
intervals of 1,2,3, and 4 weeks. The former remained in the 
animal colony at a temperature of 2641°C. Following the 
exposure in the cold room, the selected tissues were analyzed 
for cytochrome C. The results showed that increasing con- 
centrations of cytochrome C were associated with cold expo- 
sure in all the tissues studied. At the end of 4 weeks of cold 
exposure the cytochrome C levels of the muscle, liver, 
spleen, lungs, heart and kidney were increased respectively 
by 93, 70, 61, 55, 31, and 26 percent over the control. 


Physiology 


CHANGES IN FINGER TEMPERATURE RESPONSE TO ICE WATER IMMERSION 
DURING CHRONIC COLD EXPOSURE. Thomas Adams* and R, E. Smith.* 
Dept. of Physiology & Biophysics, Univ, of Washington, Seattle, 

A characteristic cutaneous temperature change, often called 
the Lewis or "hunting" phenomenon, occurs in the human finger 
immersed in ice water, The finger temperature initially ap- 
proaches that of the bath (0° C) and then rises spontaneously 
to approximately 10°-12° C, Deviations from this pattern have 
been observed in individuals naturally exposed to cold air or 
water, This report describes modifications in the Lewis phenom 
enon subsequent to experimental chronic cold exposure. For ap 
proximately one month human fingers were exposed to stirred ice 
water baths for one, two, three or four 20-minute periods each 
day. Related to the length of the total exposure, there was 4 
change in the basic finger temperature pattern to a more rap 
id spontaneous cycle and an increased rate of rewarming to 4 
higher and more variable final temperature in the bath, In all 
phases of the test the temperatures of a conditioned digit were 
more variable than the control measurements on the same finger 
before the chronic cold exposure, Since the modified responses 
occurred only in the exposed digit and not in other ipsilateral 
or matching contralateral digits, the term "local conditioning 
appears justified, The finger temperature measurements were 
supplemented with determinations of finger heat loss by digital 
calorimetry, 
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Physiology 


TEMPERATURE ACCLIMATION AND THE NERVOUS SYSTEM IN FISH. 
Betty I. Roots (intr. by F.R. Steggerda.) Physiol. Dept., 
Univ. of Illinois, Urbana, Illinois. 

These studies are based on the hypothesis that much of 
temperature acclimation is due to changes in the nervous 
system which permit normal behavior at extreme temperatures. 
Cold block of simple reflexes in fish is clearly related to 
acclimation temperature. An electric shock applied to the 
pectoral region elicits fin movements in goldfish. This reflex 
response was blocked at 10, 5, and 1°C respectively for fish 
acclimated to 35, 25 and 15°C. No change was observed in the 
response of 5°C fish at 19°C. Transection of the spinal cord 
immediately posterior to the medulla did not affect the 
results obtained. Similar results were obtained with a 
response to tactile stimulation in bluegills. The cold block- 
ing temperature of conditioned reflexes of different degrees 
of complexity is higher than for simple reflexes and is 
also related to acclimation temperature, whereas that for 
conduction in peripheral nerve is lower (nerve from 25° blue- 
gills conducts at 1°C.). The cold blocking temperature is 
related to acclimation temperature and to the complexity of 
the nerve pathway involved. (Supported by a grant from the 
National Science Foundation to Dr. C. L. Prosser.) 


Physiology 


WHERE THERMOREGULATION IS NOT MAINTAINED. Paul Webb. 
Yebb Associates, Yellow Springs, Ohio. 


The range of body temperature in homeotherms is usually 
given as about 2°C. However, in the current literature 
greater variations are being described, some of which occur 
in natural circumstances, and others in artificial situations. 
In both types the expected thermoregulatory responses are 
absent. Examples are: camels during deprivation of water; 
bears in winter sleep; nocturnal temperatures of primitive 
people; surgical patients induced to hypothermia by means 
of an extracorporeal cooling circuit; localized extreme 
cooling of the legs of arctic birds. In my own work, clear 
evidence of the failure of thermoregulation was seen when 
human subjects were forcibly cooled prior to an uncompensable 
heat exposure. They neither shivered when surface and rectal 
temperatures were being lowered, nor sweated in the heat when 
skin temperatures were 5° above the threshold temperature for 
sweating. In none of these various situations are drugs 
used, so that one is forced to look again for the "adequate 
stimulus" for regulatory responses. Both peripheral and cen- 
tral stimuli may be ignored, singly and together. Speculat- 
ively, one can question the desirability and survival value 
of strict homeothermy, in view of the wide variations in 
body temperatures observed. 


Physiology 


TEMPERATURE REGULATION IN THE ALASKAN ESKIMO, 
Benjamin G. Covino. Univ. of Buffalo School of Medicine, 
Buffalo, N. Y. 

The comparative thermal regulation of a group of Eskimos and 
non-Eskimos was studied during immersion in a constant tempera- 
ture bath calorimeter. Metabolic rate, rectal temperature, digital 
blood flow, and heat loss were measured while the subjects were 
immersed in water maintained at 35°C and 33°C. Exposure periods 
of One hour at each bath temperature were employed. Effective 
tissue conductance was computed from the data obtained. The 
Eskimo subjects produced more heat and lost more body heat than 
the non-Eskimos throughout the entire immersion period. The rec- 
tal temperature of the Eskimos also fell to significantly lower 
levels than that of the non-Eskimos. No difference in digital blood 
flow was observed between the two groups. The Eskimo group was 
found to have a greater tissue conductance at both bath temperatures. 
The greater tissue conductance was related to the significantly 
smaller percent body fat in the Eskimo group. (Supported by a 
contract with the Arctic Aeromedical Laboratory.) 


Physiology 
THE SITE AND MECHANISM OF NOREPINEPHRINE - 
CALORIGENSIS IN THE COLD ACCLIMATIZED RAT. John 
P. Hannon and Anna M. Larson. * Arctic Aeromedical Lab- 











oratory, APO 731, Seattle, Wash. 

Experiments were conducted to detemine the site at which 
norepinephrine infusions stimulated heat production in the 
culd acclimatized rat and to evaluate the hypothesis that this 
calorigenic effect was attributable to a mobilization and sub- 
sequent oxidation of nonesterified fatty acids (NEFA). During 
norepinephrine infusion, simultaneous temperature measure- 
ments in muscle, liver and general intestinal area showed 
the liver to be the primary site of the added heat production. 
Prior to norepinephrine infusion, cold acclimatized animals 
exhibited higher liver and plasma NEFA levels than control 
animals, but upon norepinephrine infusion the plasma con- 
centrations in both groups were increased to similar levels. 
In cold acclimatized rats, however, such infusions led to a 
marked reduction in the Respiratory Quotient — thus indi- 
cating NEFA was being oxidized. In vitro studies supported 
this indication by showing that liver tissue from cold acclima- 
tized animals had an increased capacity for the oxidation of 
fatty acid than liver tissue from control animals. 


Pharmacology 


THE EFFECTS OF CHRONIC RESTRAINT STRESS UPON 
SYSTOLIC BLOOD PRESSURE, HEART RATE AND ORGAN 
WEIGHTS OF MALE ALBINO RATS. L. P. Gabel* and 
M. Clay.* Warner-Lambert Researc ns ute, 
Morris Plains, N. J. and Columbia Univ. Coll. -of 
Pharm., New York, N. Y. 

Wire screening cages, affording a minimum of 
individual freedom, were modified for the 
introduction of food and water supply. Male wistar 
rats, 100 - 125 gms., were placed in these cages 
for a period of sixteen days. Systolic blood 
pressure and heart rate were determined by the 
indirect method of Brecht and Bouche (Klin. 
Wochenschrift, 76, 1954). Stressed rats, com- 
pared with controls, showed an increased systolic 
pressure of 40 mm. Organ weights were increased 
by the following amounts: heart - 29%, adrenal - 
60%, and kidney - 15%. Hearts from the stressed 
animals showed small myocardial lesions and an 
increase in water content. There were no 
significant differences in heart rate between 
stressed and unstressed groups. 


Pathology 


HISTOCHEMICAL DEMONSTRATION OF TISSUE ADAPTATION TO 
CHRONIC HYPOXIA. Enrique Valdivia*. Univ. of Wis- 
consin Med. School, Madison, Wis. 
Succino-dehydrogenase activity has been demon- 
strated in skeletal muscle of guinea pigs. Thick 
cross sections of entire muscles and thin sections 
from selected areas have been studied. On gross 
examination guinea pig skeletal muscle presented 
red, intermediate and white areas. The succino-de- 
hydrogenase activity was greater in the red than in 
the white areas. Three groups of guinea pigs have 
been studied: a) born at sea level, b) born at sea 
level and exposed to simulated high altitude of 
15,000 feet for 4 months or more and c) born at 
14,000 feet. The red areas from guinea pig muscle 
were more extensively distributed in groups b and c 
than in group a. The succino-dehydrogenase activity 
of red muscle in the 3 groups of animals was similar. 
However, the succino-dehydrogenase activity of white 
muscle was increased in groups b and c. (Supported 
by grants from U.S.P.H. and Wisconsin Heart Assoc.) 








Nutrition 


INCREASED ENVIRONMENTAL TEMPERATURE INFLUENCES ON ASCORBIC 
ACID ACTIVITY IN THE DOMESTIC FOWL. Paul A, Thornton, 
Colorado State University, Fort Collins, Colorado. 
Supplementary ascorbic acid added to the hen's diet has 
been shown to decrease the normal decline in shell thickness 


which occurs in warm weather (Thornton and Moreng, 1958, 1959, 


Poultry Science 38: 594 and 39: 691). Such results suggested 
that this species partially loses the ability to synthesize 
vitamin C under such conditions. Studies were initiated to 
determine the influence of increased environmental tempera- 
tures on blood vitamin C levels. A change in the environ- 
mental temperature from 70° to 88° F. sharply reduced blood 
ascorbic acid levels in 7 days with a further decrease 
occurring at 14 days. 
time. When the animals were returned to the cooler environ- 
ment the blood vitamin C was increased only slightly. Addi- 
tion of iodinated casein to the diet resulted in an increased 


blood vitamin C level. These results suggest that the chicken 
either partially loses the ability to synthesize ascorbic acid 


or that the blood carrying capacity for this vitamin is de- 
creased under increased environmental temperature conditions. 
In either case, the results support the earlier work, pre- 
viously cited, which showed that dietary vitamin C was of 
value in chickens during warm weather. 


Immunology 


TOPICAL ADAPTATION TO COLD IN THE RABBIT EAR. 
C.J. Eagan. * Arctic Aeromedical Laboratory, Fort Wain- 
wright, Alaska. 

The aim of this study was to differentiate between topical 
and systemic adaptations to cold by the use of chronic unila- 
teral cold exposure and subsequent simultaneous bilateral 
comparison. Rabbits were kept at 5°C, each with one ear 
("test") shaved and the other one (''control"') unshaved and 
covered with a thick insulating tubular muff (approx. 5g. in 
weight). After 1 week in the cold, the average diff. in ear 
temp. stayed at 15° to 20°C. After 2 months the control ear 
was bared similar to the test one. At ambient temp. from 


0° to 25°C, the test ear was consistently cooler than the con- 


trol — by as much as 5°C, depending upon the animal's gen- 
eral thermal state. At 50°C, the test ear was approx. 1°C 


warmer than the control. These results suggest a morpholo- 
gical difference in the vasculatures. At -20°C, there was no 


consistent diff. in temp. responses but the test ear was more 
resistant to freezing when the rabbit became hypothermic. 

In general, then, the test ear showed a differential topical 
cold adaptation which would favor an improved functional 
economy in the cold. 


157 ENVIRONMENT—Air Pollution 


Physiology 
INTERACTION OF AIRIONS AND AEROSOLS. J.H.Dougherty*, K.E. 


Schaefer and W. Anderson.* U.S.N.Medical Research Laboratory, 





New London, Connecticut and Naval Research Laboratory, 


Washington, D. C. 


In most of the previous studies on physiological effects of 


ions the interaction of aerosols and ions has been neglected 
and the experimental conditions were therefore not clearly 
defined. Air was purified by pumping it through an Army Col- 


lective Protector and a Cambridge Absolute Filter. This elimi- 


nated any measurable amount of aerosol content and the number 
of condensation nuclei per ml dropped to 5--20 as measured by 
a continuous condensation nuclei meter and an NRL smoke pene- 
tration meter. A strean of purified air entered a mixing 
chamber in which various levels of ions were generated with a 
Philco ion generator. [Furthermore various levels of aerosols 
of a uniform size (DOP) were added within the mixing chamber 
and the effect on the number of ions studied. Six different 
ion sizes or mobilities were measured with Mark V Wesix ion 
counters using Beckman micromicroammeters. Addition of aero- 
sols invariably diminished the ion content. Quantitative 
relationships between condensation nuclei, aerosol content, 
and levels of negative and positive ions were determined in 
air of the mixing chamber and air passing from the chamber 
through a respiratory mask. Thus, satisfactory experimental 
6 ge were developec to assess physiological effects 

of ions. 


No further decline was noted after this 





158 ENVIRONMENT—Altitude 
Physiology 


SOME BIOCHEMICAL CHANGES IN RESPONSE TO HYPOXIA. James A, 
Green *, Biochemistry Branch, AM-903, Civil Aeromedical fe. 
search Institute, FAA Center, Oklahoma City, Oklahoma. 

In order to obtain a better understanding of the p: 
associated with altitude acclimatization, white rats were gy. 
jected to a simulated altitude of 18,000 feet in a low pres. 
sure chamber for several months. Groups of animals were 
sacrificed at regular intervals and various tissues analysed 
for biochemical changes. GOT and GPT were reduced in both 
the liver and kidneys of the hypoxic animals. Cytochrome ¢ 
reductase activity was reduced initially in both the liver ay 
kidney, but was higher than the control values after 2 months 
exposure, coinciding with the acclimatization. Succinic de. 
hydrogenase was erratic in response to decreased oxygen ten. 
sion, giving some insight into the contradictory results com. 
ing from different laboratories. Liver glycogen and blood 
glucose were consistently depressed in the hypoxic animals 
while. heart glycogen was elevated during the early exposure, 
subsequently falling to a subnormal level. Heart body ratios 
increased while other tissue ratios decreased. Total mucleo- 
tides were decreased in most tissues with heart and kidney 
being most resistant to change, respectively. It was con- 
cluded that while many biochemical reactions are affected by 
hypoxia, the kidney seems to be most dramatically affected 
by acclimatization. 


Physiology 
RELATION OF RESPIRATORY ALKALOSIS AND ADRENAL ACTIVITY 10 
HYPOKALEMIA IN RESTRAINED AND UNRESTRAINED DOGS SUBJECTED 
TO SIMULATED HIGH ALTITUDE. J. Q. Barry*, F. P. Ferguson, 
A. J. Gold* and D, C. Smith, Dept. of Physiology, Univ, 
of Maryland School of Medicine, Baltimore, 

Respiratory alkalosis is an important factor in the 
production of hypokalemia in the anesthetized dog during 
acute exposure to a simulated altitude of 30,000 ft. To 
determine its importance in the similar response of the 
unanesthetized dog, the animal was placed in a loosely 
straining harness, With restraint, the average plasma K 
fall after 30 min. was 1.2 mEq/l. as opposed to 0.8 n&q/l, 
in unrestrained dogs. When alkalosis was prevented by in- 
creasing inspired CO.,, a statistically significant de- 
crease of 0.4 mEq/l. persisted. The possibility that this 
residual fall in plasma K conc. was related to adrenal 
activity resulting from the added stress of the restraint 
was investigated. Restrained chronically adrenalectomizei 
dogs showed a hypokalemic response similar to that seen in 
unrestrained intact dogs. When alkalosis was prevented 
the response failed to occur. Thus adrenal involvement 
would appear to be a factor in the hypokalemia observed 
in restrained intact dogs subjected to a simulated high 
altitude, while in unrestrained dogs respiratory alkalosis 
seems to be solely responsible. (N. I. H. grant #8-2853) 


Physiology 
HYPOXIA AND FERTILITY IN ADAPTED MICE. Bernard Baird* and 
Sherburne F. Cook. Department of Physiology, University of 
California, Berkeley h, Calif. 

The effects of hypoxia on fertility were studied by the 
continuous or discontinuous exposure of Swiss albino mice to 
simulated altitudes up to 25,000 feet or to 12% 05 = 86% NN2 
at sea level barometric pressure. Temperature, humidity, 
pCO> and ammonia vapor were controlled. A high protein diet 
was fed. Prior to breeding, the segregated sexes were ex- 
posed to hypoxia until empiric criteria of adaptation were 
met. These included mitigation of respiratory distress, alle 
viation of anorexia and restoration of cyclic estrus. Male # 
female mating ratios ranged from 1:1 to lsh. Pregnancy was & 
precise criterion of fertility. All control matings were fer 
tile. Of 30 matings during continuous (2) hrs./day) exposure 
to 14,200 or 18,000 feet, all were fertile. Of 36 matings 
during discontinuous (6 hrs./day) exposure to 20,000 or to 
25,000 feet, all resulted in impregnation. Of the 28 matings 
during continuous (2) hrs./day) exposure to 12% 05 = 88% Noy 
only one gave negative laparotomy results. In these mice 
aberrant reproductivity was manifested by gestational abnor 
malities, fetal and maternal deaths, congenital anomalies 
and cannibalism. Under the experimental conditions studied, 
fertility per se was adequate for the propagation of the 
species. 
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165-163 ENVIRONMENT 


Physiology 


|NTIDIURETIC RESPONSE IN THE RHESUS MONKEY AND THE DOG 
INDUCED BY EXTERNAL POSITIVE PRESSURE ON THE TYMPANIC 
MEMBRANE. FA. Sunahara. Defence Research Medical 
Laboratories, foronto, da. 

Three different procedures which cause a relative increase 
in pressure on the external aspect of the tympanic membrane 
have been found to elicit a vagal type stimulation in the 
rhesus monkey. This response consisted of bradycardia, apnea, 
prolonged oliguria and in certain cases loss of consciousness. 
The procedures were 1) recompression to ground level after 
aposure to simlated altitude, 2) compression to a pressure 
of 2 atmospheres pressure, 3) application of air pressure to 
the external meatus, All three procedures failed to produce 
the response in animals that had previously been bilaterally 
myringotomized, The findings confirm the earlier works by 
Gelfan on recompression of monkeys at free fall rates, and 
also demonstrate that oliguria occurs in both non-operated 
and atropinized animals. Dogs did not exhibit the bradycardia 
nor apnea but prolonged oliguria was observed in most of then. 
The oliguric response was equivalent to an intravenous 
injection of 20 - hO ng/kg of posterior pituitary extract. 
Measurement of urinary chlorides show that the oliguria 
observed is probably due to an increase in tubular reabsorp- 
tion, It can be inferred from this that the cause may be the 
release of antidiuretic hormone. DRB Project No.D50-93-10-59. 


Physiology 


A CRITERION TO ASSESS THE EFFECT OF VARIOUS FACTORS ON 
ALTITUDE TOLERANCE. STEPHEN G. ILK*, J.J. SEGUIN*, BALRAY 
BHATIA*AND J.A.F. STEVENSON. DEPT. OF PHYSIOLOGY, UNIV. OF 
WESTERN ONTARIO MEDICAL SCHOOL, LONDON, CANADA. 

IN MOST UNANESTHETIZED RATS DECOMPRESSED To 40,000 FEET, 
ABDOMINAL CONTRACTIONS APPEARED FOR ABOUT ONE MINUTE AND DIS= 
APPEARED SHORTLY BEFORE DEATH. RECOVERY ALWAYS OCCURRED IF 
RECOMPRESSION WAS EFFECTED IMMEDIATELY UPON CESSATION OF THESE 
ABDOMINAL CONTRACTIONS (C.A.C.). ELECTROMYOGRAPHIC STUDIES 
CONFIRMED THE VISUAL OBSERVATION OF THE ONSET AND CESSATION OF 
THESE CONTRACTIONS OF THE ABDOMINAL MUSCLES IN RELATION TO THE 
ACTIVITY OF THE THORACIC AND DIAPHRAGMATIC muSCLES. C.A.C. 
WAS ADOPTED AS THE END POINT FOR TOLERANCE WITH SURVIVAL TO 
DECOMPRESSION HYPOXIA. CHANGES IN THE TIME OF C.A.C, FROM THE 
BEGINNING OF DECOMPRESSION WERE USED YO DETERMINE THE EFFECT 
OF VARIOUS STRESSES ON THIS TOLERANCE. THIS TOLERANCE TO ALT= 
|TUDE WAS DECREASED BY ACUTE EXPOSURE TO SEVERE HEAT OR REPEA= 
TED RESTRAINT BEFORE DECOMPRESSION AND WAS INCREASED BY ACUTE 
EXPOSURE TO HEAT AND THEN COLD. ALTITUDE TOLERANCE WAS NOT 
AFFECTED BY PRIOR INTERMITTENT EXPOSURE TO SEVERE COLD, BUT 
WAS REDUCED BY INTERMITTENT EXPOSURE TO SEVERE HEAT OR BY 
DECOMPRESSION IN A RELATIVELY DRY ENVIRONMENT. PENTOBARBITAL 
ANESTHESIA INHIBITED GASPING AND ABDOMINAL CONTRACTIONS AND 
APPEARED TO REDUCE ALTITUDE TOLERANCE. (SUPPORTED BY GRANT 
8865-02 FROM THE DEFENCE RESEARCH BOARD OF CANADA) 





159 ENVIRONMENT—Hibernation 
Physiology 


THE UTILIZATION OF ACETATE-1<014 BY HEPATIC TISSUE 
FROM CQLD-EXPOSED AND HIBERNATING HAMSTERS. Arliss 
Denyes and Joan Carter’. Queen's Univ. Kingston, Ont. 
Wien the hamster is exposed to cold (6t1°C), — 
is a profound block in hepatic lipogenesis from 
acetate within 48 hours. By eight weeks of cold ex- 
posure this block has been repaired to 74% of the 
control value. During hibernation, which generally 
occurs after the eighth week, a block in lipogenesis 
is again present. By 6 hours of arousal, the degree 
of lipogenesis has been either slightly repaired or 
has returned almost to the eight week level. Accom- 
Panying this block in Lipegenagss is an increase in 
the production of one from 014-acetate in the 
animals exposed to cold. The in vitro addition of 
-02M glucose did not stimulate lipogenesis in the hepa- 
tic tissue of the cold-exposed hamster except fra 
tw of those animals aroused from hibermation for6 hours 
Fructose repaired the hepatic lipogenesis in all 
groups of cold-exposed hamsters. The conclusion was 
reached that the cold-exposed and hibernating hamster 
has biochemical lesions involving the glucokinase 
reaction and some other step in the glycolytic path- 
Ways. (Supported by grants from Ontario Research 
Foundation; National Research Council of Canada). 
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EFFECT OF VARIOUS AUTONOMIC DRUGS ON THE HIBER- 
NATING CYCLE. Charles P. Lyman and Regina C. O'Brien# 
Dept. of Anat., Harvard Med, School, Boston, Mass. 
Various drugs were injected via chronically implanted 
venous or aortic cannulae into thirteen-lined ground squir- 
rels during all phases of the hibernating cycle, The heart 
temperature and rate and blood pressure were monitored 
during and after injection without disturbing the animal, The 
sympatholytic agent TM-10 did not induce hibernation in 
hibernators which had aroused, Atropinized animals enter- 
ed hibernation readily, but without the usual bradycardia, 
so that heart rate was always faster than in untreated ani- 
mals at the same temperature. In deep hibernation acetyl- 
choline caused a drop in peripheral resistance, usually a 
drop in blood pressure, and always an increase in heart 
rate. If pretreated with a ganglionic blocking agent (hexa- 
methonium) acetylcholine caused a slowing of the heart, 
indicating that the effect of acetylcholine alone was in part 
either central or ganglionic, Pretreatment of the hibernat- 
ing animal with TM-10 caused anterior and posterior to 
warm simultaneously during arousal. In the normal arous- 
ing animal norepinephrine delayed warming of the rear, 
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CIRCULATORY PATTERNS DURING DEHIBERNATION OF THE 13-LINED 
GROUND SQUIRREL. Robert W. Bullard and Gordon E. Funkhouser*. 
Dept. Physiology, e ¥v. Sch. Med., 8, ° 
Efforts were directed toward estimating peripheral cir- 
culatory changes by the isotope clearance method in 13-lined 
ground squirrels during arousal from deep hibernation. Be- 
tween 2 to 6 microcuries of I131 in .05 to .15 ml. of isotonic 
saline were injected into various subcutaneous and intra- 
muscular sites in the hibernating squirrel. The removal of the 
isotope, colonic, thoracic and various skin temperatures, and 
heart rate were continously monitored until arousal was com- 
pleted. Plots of the logarithm of 1131 activity versus time 
approximated a straight line in control experiments. However 
similar plots obtained during dehibernation often showed 
marked concavities toward both axes indicating a continous 
increase in blood flow. The clearance curves also indicated 
that blood flow would sometimes remain at constant levels 
for long periods then increase. The clearance rates of sites 
adjacent to the thorax were initially greater than those of 
more peripheral sites which showed maximum clearance only 
after the heart rate had approached a high level. The concept 
that dehibernation is characterized by restricted blood flow 
from the thoracic region is supported by these experiments. 
(Supported in part by Contract DA-l9-007-MD-97h, Office of the 
Surgeon General, U. S. Army.) 


160 ENVIRONMENT—Hyperthermia; Heat 
Physiology 


RATES OF ADJUSTMENT OF SWEATING AND BODY TEMPERATURES 
FOLLOWING EXPOSURE TO HEAT. B. A. Hertig* and H. S. Belding 
Graduate School of Public Health, University of Pittsburgh. 

Physiological measurements were made at short intervals 
during exposures to heat and recovery. Temperatures of skin 
(t,), mouth (t,), rectum (ty) and ear (te, at the tympanic 
membrane) were recorded at 20 second intervals. With subjects 
at rest, weight losses were measured each two minutes; with 
treadmill exercise, weighing periods were ten minutes. Skia 
temperatures dropped precipitously in the first minute of 
recovery and leveled off within five to ten minutes; te and t, 
declined more slowly, requiring 20 minutes to approach a new 
steady state; t, remained elevated for 30 minutes or longer. 
Under thermally neutral recovery conditions and at rest, 
sweating virtually ceased within three or four minutes. Where 
sweating persisted, new levels were established within the 
first ten-minute weighing period: Contrary to the findings of 
Benzinger (Proc. NAS 45:645, 1959), sweating paralleled t, 
more closely than it did t,. Steady state values of sweating 
vs. t, showed considerable scatter about a trend line (e.g., 
at t. = 37.6°C, sweating varied from 400 to 1000 g/hr). Many 
of the conditions used in this study elicited sweat rates 
which considerably exceeded those of Benzinger. (Supported 
in part by the U.S. Army Research and Development Command. ) 
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PHYSIOLOGICAL REACTIONS TO REPEATED MUSCULAR EXERCISE AT 
VARIOUS WORK LOADS AND IN VARIOUS ENVIRONMENTS. 


Gordon J, Stopes" Lucien Brouha and Paul E. Smith, Jr.* 
askell Laboratory for Toxicology and Industrial Medicine, 


Newark, Delaware. 








Repeated cycles of mscular exercise followed by recovery 
were performed under several conditions of cycle length, work 
load and environment. When the environmental conditions were 
comfortable, successive work periods were performed without 
increasing strains a steady state of oxygen consumption, 
heart rate and oral temperature was maintained from cycle to 
cycle. In warm environmental conditions a steady state of 
oxygen consumption could still be achieved, but heart rate 
and oral temperature increased from cycle to cycle regardless 
of the duration of the rest periods. Consequently oxygen 
consumption does not adequately evaluate tue total stress 
produced by mscular work in warm surroundings. 
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EVALUATION OF THE STRESS OF MUSCULAR WORK IN VARIOUS ENVIRON- 
MENTS BY HEART RATE RECOVERY CURVES. Mary E. Maxfield and 
Lucien Brouha. Haskell Laboratory for Toxicology and 
Industrial Medicine, Newark, Delaware. 





Heart rate recovery curves were obtained by counting the 
pulse rate during the second half of the first, second and 
third minutes after the end of a work period. These values 
were compared with cardiac costs computed from continuous 
heart rate records during work and recovery. The correlation 
between these two sets of data is high whether the cardiac 
cost becomes greater due to an increasing work load performed 
in a constant environment or to a constant work load performed 
in increasingly severe environments. Therefore, the strain 
produced on a given individual by a given job can be ade- 
quately evaluated by heart rate recovery curves. 


Physiology 


EFFECTS OF HYPERTHERMIA ON BLOOD VOLUME AND TOTAL PERIPHERAL 
RESISTANCE. T. Cooper, V. L. Willman* and C. R. Hanlon*, 
St. Louis University, St. Louis, Missouri 

Interpretation of extracardiac effects of hyperthermia in 
the intact dog is complicated by the influence of heat on 
pulmonary function, cardiac rate and contractility. An extra- 
corporeal pump-oxygenator permits assessment of systemic re- 
sistance and blood volume changes independent of cardiopulmo~ 
nary factors. Total cardiopulmonary by-pass was instituted in 
6 dogs. Systemic flow was held constant. Changes in mean ar- 
terial pressure reflected changes in total peripheral re- 
sistance. Changes in the extracorporeal venous reservoir re- 
flected reciprocal changes in intracorporeal blood volume. As 
intravascular temperature was elevated to 40°C, arterial 
pressure rose an average of 26%. Intracorporeal blood volume 
decreased 50-250 ml. As temperature was lowered to 35°C, ar- 
terial pressure fell to control levels or below. Heating to 
400C after administration of hexamethonium bromide (2.5mg./kg. ) 
resulted in decreased arterial pressure and negligible change 
in the proportion of blood in the intracorporeal and extra- 
corporeal circuits. In these animals with autonomic blockade, 
blood pressure rose toward normal as the temperature was re- 
turned to 35°C. These studies indicate that the total periph- 
eral resistance rises with hyperthermia to 40°C, when the ef- 
fect of the heart and lungs on systemic flow is eliminated. 
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TRANSPORTABLE SOLAR CHAMBER STUDIES ON THE THERMAL EFFECTS 
OF SOLAR RADIATION. 
Douglas H. K. Lee and John A. Vaughan*™ Quartermaster R&E 
Command, Natick, Mass. 

The increment of air temperature which would produce 
the same physiological effects as the solar radiation load 
in a mid-latitude desert was determined with the use of a 
transportable solar chamber. The steps were: (a) exposure 
of subjects to solar radiation in the transparent chamber at 
a fixed temperature, humidity and air movement; (b) exposure 
of the same subjects without solar radiation to temperatures 
5, 10, 15, and 20°F above the base; (c) establishment of 
regression equations of physiological reactions on air 
temperature; (d) determination from these regression equa- 
tions of the air temperature which, when acting alone, 
would produce the same physiological response as was observed 
with the radiation load; (e) estimation of the temperature 
equivalent to the radiation load by difference. Sweat evap. 
oration and sweat loss were found to be reliable criteria, 
and gave values ranging from 12.1 to 17.7°, and 11.2 to 
15.3° for sweat evaporation and loss respectively, as 
insulation decreased from shorts-fans combination to uniform 
no fans. 
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THE £FFECT OF HYPERTHERMIA ON pCO,, (HCOZ), pH, AND LACTATE 
CONCENTRATIONS OF ARTERIAL BLOOD AND CISPERNAL CEREBROSPINAL 
FLUID (CSF) IN DOGS AT CONSTANT END-TIDAL pCO,. 
S.C, Alexander*, R,D, Workman*, and C,J, Lambertsen. Lab of 
Pharmacology, Univ. of Pa. School of Medicine, Phila., Pa, 
The deep body temperature (esophageal) of 8 anesthetized, 
curarized, artificially ventilated dogs maintained at 34 m 
Hg end-tidal pCO, was raised 1.99 C and held constant by 
immersion to the neck in a heated water bath. During 
normothermia, arterial values were: pCO, 35.9 mm Hg, plasma 
(HCO3) 20.0 mM/L, pH 7.361, and lactate concentration 1.6 ail, 
Comparable values in CSF were 46.3 mm Hg, 22.6 mM/L, 7.337, 
and 2,8 mM/L, During hyperthermia the arterial blood showed: 
unchanged pCO,, a 1.4 mM/L fall of plasma (HCO3), 0.025 
decrease in pH, and a rise of .5 mM/L in lactate, In the CS, 
pCO, rose 3,0 mm Hg, (HCOZ) fell 0.7 mM/L, pH decreased 0,0% 
units, and lactate was unchanged, All changes cited were 
statistically significant. However, fundamental limitations 
of the pH scales for different temperatures interfere with 
a comparison of the changes in pH between normothermia and 
hyperthermia. Since the effect of hyperthermia on cerebral 
metabolism and cerebral blood flow was not measured in these 
experiments, the basis for the rise in CSF pCO, is not know, 
The fall in CSF (HCO3) may be related to a movement of ions 
from brain extracellular to intracellular space, 
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PERIPHERAL AND CENTRAL MEDIATION OF SWEATING AND CUTANEOUS 
VASCULAR RESPONSES IN MAN. Robert 0. Rawson* and Walter C. 
Randall. Loyola School of Medicine, Chicago, Illinois. 
Local skin temperature, cutaneous vascular pulses, sweat 
responses and internal temperatures were recorded simultan- 
eously on multiple areas in man during the following proce- 
dures: (1) slow warming of the entire body within a control- 
led climate chamber (2) exposing the body below the umbil- 
icus to ambient temperatures of 50 to 60° C, while the upper 
portion was maintained in an environmental temperature of 
20 to 259 © (3) heating the body above the umbilicus while 
the lower portion was maintained in the cool environment. 
When only the lower portion was heated, vasodilation on the 
thigh occurred while pulses in forearm skin remained tightly 
constricted. When only the upper portion was warmed, fore- 
arm vessels dilated while thigh vessels remained constricted. 
These differential vascular responses were maintained for 
prolonged periods. Meanwhile, reflex vasodilation in palmar 
or plantar vessels (depending upon the site of warming 
occurred. It is clear, therefore, that cutaneous blood 
vessels may be differentially controlled during application 
of heat to selected areas. Sweating activity was recruited 
first on the lower extremity and last on the upper extremity 
regardless of which portion of the body was warmed. 
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Physiology 
HYPOTHALAMIC TEMPERATURE RESPONSES TO BLOOD FLOW AND ANES- 
MESIA. R.D.McCook*, C.N.Peiss and W.C.Randall. Loyola 
School of Medicine, Chicago, Tllinois. 

Thermistor probes were placed stereotaxically in the hypo- 
thalamus, arterial blood and in the colon of cats under 
Sernyl anesthesia. Hypothalamic temperatures were 0. 25-0.50°C 
higher than those in blood or colon, and showed little spon- 
taneous variation. Occlusion of the carotid arteries resul- 
ted ir. a prompt rise of 0.l-0.6° C/min. in hypothalamic tem- 
perature, with little or no change in the other temperatures. 
The level of hypothalamic temperature and its rise following 
carotid occlusion agree closely with calculated temperatures 
based on estimated metabolic heat production of the hypo- 
thalamus. These observations clearly illustrate that arteri- 
al blood cools the hypothalamus under resting conditions, 
and that it probably influences hypothalamic temperature by 
altering the gradient between it and the hypothalamus rather 
than by directly warming the temperature centers. Adminis- 
tration of small doses of pentobarbital (5 mg/Kg) resulted 
in a prompt and dramatic fall in hypothalamic temperature. 
The decline began within 0 seconds and continued at a rate 


of 0.1-0.3° C/minute, reaching a maximum decline of 0.5-1.0°C. 


During this time there were no significant changes in arter- 
jal or deep colonic temperatures. 
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THE QUANTITATIVE RELATIONS BETWEEN STIMULI AND RESPONSES IN 
"PHYSICAL" AND "CHEMICAL" TEMPERATURE REGULATION OF MAN. 
T. H. Benzinger, Nav. Med. Res. Inst., Bethesda, Md. 

When rectal measurements were replaced with cranial meas- 
urements of the internal stimulus and when the thermoregula- 
tory responses of sweating, cutaneous vasodilation and meta- 
bolic heat production were recorded by gradient calorimetry 
(1) and oxygen analysis (2) it became possible to resolve 
experimentally, not by theory, the mechanisms of "physical" 
and "chemical” temperature regulation of man in quantitative 
terms. They consist of reproducible and meaningful (as they 
lead to thermal homeostasis) sudomotor, vasomotor and mete- 
bolic responses to warm-stimulation of a centrally located 
sensory receptor organ, and cold-stimulation of skin thermo- 
receptors. The indirect and direct calorimetric measurements 
bear out without exception, the discoveries of classical 
neurosurgery concerning a thermally sensitive "heat loss 
center” in the anterior and a thermally indifferent, synaptic 
“heat production center” in the posterior hypothalamus, with 
an established pathway connecting the two for inhibition of 
the metabolic response to cold when the stimulus of warmth is 
present at the anterior, the thermally sensitive hypothalamic 
site. References (1) Benzinger, T. H., PNAS 45:645 (1959), 
(2) Benzinger, T. H., A. W. Pratt and C. Kitzinger, in 
preparation (1961). 


161 ENVIRONMENT—Hypothermia; Cold 
Physiology 


EFFECT OF HYPOTHERMIA ON RESRONSES TO IMPOSED 
TRACHEAL OBSTRUCTION. J. Salzano and F. G. Hall. Duke 
Univ. Med. Center, Durham, N. C. 

At normal body temperature anesthetized dogs respond to 
tracheal obstruction by an increase in respiratory frequency 
and a decrease in tidal volume with little change in pulmonary 
ventilation. Alveolar ventilation is impaired as evidenced by 
an elevation of alveolar COz2 and fall in arterial hemoglobin 
saturation. Reduction of body temperature to 28°C caused an 
increase in tidal volume and decrease in respiratory rate when 
tracheal obstruction was added. Air flow velocity was de- 
creased and duration of inspiration and expiration increased 
as in normothermia. However, expiratory time was 40% 
greater in hypothermia than in normothermia with the same de- 
gree of obstruction. Tracheal pressures were increased with 
added resistance but much less than at 37°C. Heart rate in- 
creased and blood pressure decreased with added resistance 
at 37°C, at reduced body temperature they were not altered 
from control. Differences in responses between normothermic 
and hypothermic animals seem to be related to the degree of 
hypoxia resulting from the obstruction to breathing. At 37°C 
the hypoxia is more severe than at 28°C. 





Physiology 


EFFECTS OF OXYGEN INHALATION ON RESPONSES TO COLD 
EXPOSURE. D.M. MacCanon and D, D. Eitzman”. 
Univ. So. Dak. and The Chicago Medical School, 
Chicago, Ill. 

The effects of oxygen inhalation on shivering 
and thermal and metabolic responses to exposure to 
cold (10°C) were determined in 10 healthy male 
subjects. The results showed that oxygen k..eathing 
reduced shivering and promoted a feeling of greater 
comfort. The ventilatory response to cold was 
diminished, and oxygen consumption was significant- 
ly lower during the later periods of the cold 
exposure. Carbon dioxide production was reduced 
and the mobilization of large amounts of nitrogen 
during shivering was also noted. Since body temper- 
atures and their rates of fall were not significant- 
ly altered by oxysen inhalation, a shift to more 
efficient metabolic heat production seems indicated. 
(Supported by the U. S. Army Medical Research and 
Development Command.) 
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THE RESPONSE OF THE HYPOTHERMIC HEART TO PERFUSION WITH 
VENOUS BLOOD. Frank Gollan, Mark W. Wolcott* and Curtis G. 
Whe . VA Hospital and Univ. 1 of Medicine, 
Co: Gables, Fla. 

Since venous blood of hypothermic animals breathing 
oxygen is high in oxygen content, an attempt was made to use 
such overoxygenated blood for hypothermic perfusion. Venous 
blood from the right atrium was drained by a catheter into a 
heat exchanger and returned by a pump into a femoral artery. 
As the core temperature fell rapidly to 20°C, the venous 
oxygen tension rose to 120 mm Hg if oxygen was inhaled, and 
to 350 mm Hg if 5% COp and 95% Op was the inspired gas mix- 
ture. At 15°C the venous oxygen tension still measured 50 
mm Hg in the first case, and 100 mm Hg in the latter. Left 
ventricular pressure and heart rate were similar to the ones 
observed during cooling with artificially oxygenated blood, 
however, on re- myocardial depression was noted. This 
myocardial weakness was not due to anoxia but to the inacti- 
vation of catechol amines by a low pH and could be prevented 
by a organic buffer (T H A M) and noradrenalin. Thus, sur- 
vival of quinidine pretreated dogs from hypothermic asystole 
could be achieved by veno-arterial cooling with a small, 
closed extracorporeal circuit without an oxygenator. 
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BODY GLUCOSE AS FUEL FOR COLD-THERMOGENESIS IN 
THE FASTED RAT. Florent Depocas. Natl. Res. Council, 
Ottawa, Canada. 

Exposure ot 30°C acclimated rats, fasted 24 hours, to en 
vironments at 18° and 6°C determined an increase in the rates 
of turnover and oxidation of body glucose above the values 
measured at 30°C, Inthe cold, turnover rate of glucose did 
not increase in the same proportion as respiratory CO2 but 
a greater proportion of this glucose was channeled through 
oxidative pathways. At 30°, 18°, and 6°C, glucose oxidation 
accounted for approximately 12% of the total respiratory CO2, 
thus indicating a strict proportionality between glucose oxida- 
tion and respiratory CO? output even when liver glycogen levels 
are reduced to low values by previous fasting. Fasted cold- 
acclimated rats at 6°C yielded essentially the same values of 
these parameters of glucose metabolism as warm-acclimated 
rats at the same exposure temperature. 
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EFFECT OF RESERPINE ON BODY TEMPERATURE REGULATION OF THE 
ALBINO RAT DURING EXPOSURE TO COLD. Robert E. Taylor, Jr.* 
Dept. of Physiology, Univ. Florida Med. Sch. ,Galnesvitle,Fla. 
Reserpine (0.5 mg/kg) increases the cooling rate of re- 
strained rats exposed to low ambient temperatures (5°C and 
14°c). This effect might result from reduced heat production, 
increased heat loss, or a combination of both, therefore,oxy- 
gen consumption was measured during cooling in an effort to 
determine the mechanism(s) involved. Heat production (oxygen 
consumption) was markedly reduced. Because thyroid hormone 
plays an important role in heat production, a study was de- 
signed to determine whether reserpine affected either produc- 
tion or utilization of thyroid hormone. Either thyroid-stim- 
ulating hormone (TSH) or thyroxine was administered to re- 
serpine-treated rats prior to the cooling test. Thyroxine 
effectively lowered the elevated cooling rate resulting from 
reserpine administration; TSH was ineffective. These observa- 
tions, also substantiated by radio-iodine uptake and release 
studies, suggest that the inability of reserpine-treated rats 
to maintain body temperature during exposure to cold is due, 
at least in part, to decreased response of the thyroid gland 
to TSH. Peripheral utilization of thyroid hormone does not 
seem to be affected. 
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ALTERATIONS IN ADIPOSE TISSUE LIPID METABOLISM INDUCED BY 
COLD ACCLIMATION. Judith K. Patkin* and E. J. Masoro. Tufts 
Univ. School of Medicine, Boston, Mass. 

It is well known that cold acclimation has a striking 
effect on hepatic lipid metabolism. One pertinent finding is 
the depressed capacity of liver slices from coldeacclimated 
rats to synthesize long-chain fatty acids from acetate-1-cll, 
However, several investigators have shown that over 90% of 
fat synthesis occurs in extrahepatic tissues, largely. in the 
adipose tissue. Therefore, it seemed important to us to study 
the effects of cold acclimation on adipose tissue metabolism. 
In contrast to the liver, it was found that adipose tissue 
from the coldeacclimated rat synthesized 3 to 6 times as much 
long-chain fatty acids per mg tissue protein as the adipose 
tissue from the control rat living at 25°C. Although cold 
acclimation stimlated adipose tissue lipogenesis, it did not 
alter the capacity of the rat epididymal fat pad to esterify 
NEFA or oxidize palmitic acid to C0,. This increase in fatty 
acid synthesis by the adipose tissue is probably a response ‘to 
the increased food consumption of the cold-acclimated rat; 
these newly synthesized fatty acids are probably rapidly 
mobilized as NEFA to meet the high caloric needs of the animal 
It is interesting that the cold-acclimated animal has modified 
the lipogenic activity of both its liver and adipose tissue, 
but in opposite ways. 
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BLOOD FLOW TO VARIOUS TISSUES IN NOMOTHERMIC AND HYPOTHERMIC 
TOTAL BODY PERFUSION IN THE DOG, W. D. Kelly*, C,L. Provence* 
and N.M, Trotman*. V.A. Hospital & Univ. of Minn, ,Minneapolis 
Little information exists on blood flow to various organs 
under conditions of profound hypothermia induced by extracor- 
poreal circulation. Studies have been carried out in anesthe- 
tized adult mongrel dogs determining the distribution of blood 
flow by the method of Sapirstein in 6 intact controls (Group 
I), 5 normothermic perfusions (Group II), and 4 hypothermic 
perfusions (Group III). Perfusions were carried out at con- 
stant flows of 80 ml./kg./min. for 20 minutes employing a De 
Wall pump-oxygenator with a heat exchanger. At the time of 
measurement temperature in Group III was 6-9°C, Major differ- 
ences in results were noted for certain tissues as follows (7% 
age of total flow to organ or to 100 gms. skin); Heart - I 
5.2%, II 3.8%, III 1.3%; Spleen - I 1.1%, II 1.4%, III 0.3%; 
Kidney - I 10.2%, II 10.7%, III 1.2%; Skin = I 0.39%, II 0.39% 
III 0.07%. Liver, gut and muscle show small or no differences 
between the groups studied. It appears that profound hypo- 


thermia under conditions of constant total blood flow results 
in marked alterations in blood flow to certain tissues. 
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EFFECTS OF SLEEP DEPRIVATION ON BODY TEMPERATURES. Marin 8, 
Kreiper*, Army Qm R ano E Center, Natick, Mass. Bs * 
ALTHOUGH MOST EARLIER WORK REPORTS LITTLE EFFECT OF SLEEP 
DEPRIVATION(D) ON BODY TEMPERATURE, RECENT WORK SUGGESTS Thay 
D RESULTS IN A LOWERING OF DEEP BODY TEMPERATURE. THE PRESENT 
STUDY WAS CONDUCTED: (A) TO ASSESS THE EFFECT OF D ON DIURNM 
VARIATION OF BODY TEMPERATURES; (B) TO DETERMINE THE EFFECT o 
D ON BODY TEMPERATURES DURING COLD STRESS. EIGHT MEN WENT 
OUT SLEEP FoR PERIODS uP To 87 HouRS. SkIN(TS) AND RECTAL(TA) 
TEMPERATURES WERE MEASURED PERIODICALLY AT 80°F DURING 22 Hoi 
OF THE DAY; DURING THE REMAINING 2 HOURS THEY WERE EXPOSED gf 
60°. Fottowinc D THE MEN SLEPT FOR 8 HOURS IN SLEEPING BAGS gy 
10°. CONTROL MEASUREMENTS WERE MADE UNDER IDENTICAL CONDITION 
witHouT D. DurinG D THERE WAS A CONSISTENTLY LOWER TR OF 0.5? 
TO 0.7° WHICH PERSISTED THROUGH THE FOLLOWING PERIOD OF SLEEP, 
Tr at 80° ano 60° RETURNED TO NORMAL AFTER ONE NIGHT OF SLEEP, 
TS CHANGED LITTLE UNDER ALL CONDITIONS EXCEPT FOR TOE TEMPERA. 
TuRE(TTOE) WHICH DecREaseD aT 80° BUT INCREASED AT 60° Exromme 
DURING BOTH WAKEFULNESS AND SLEEP FOLLOWING D. CHANGES IN Troe 
ARE OF THE SAME DIRECTION AND MAGNITUDE AS OBSERVED FOR COLD 
ACCLIMATIZATION (J. APPL. PHystor. 14:43, 1959). 
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INFLUENCE OF BODY TEMPERATURE REDUCTION ON RESPONSE ACQUISITION 
IN MICE. WsBe Esaman*, and J.Re B *. 
A. Einstein Coll. of Med., N.Y., N.Y. 

An experimental technic, utilizing 2,4-dichlorophenoxy-acetic 
acid with cold exposure, to effect a reduction in body temperatun, 
has made it possible to determine the influence of reduction in 
body temperature on the acquisition of a simple motor response if 
mice, Body temperatures of several groups of mice were reduced 
0.5°C to 9.0°C and measures of behavior in a simple acquisition 
task, escape from swimming in a water bath, were taken over a 
series of 4 spaced trials, Hypothermic animals did not acquire 
the response whereas rapid acquisition occurred in 4 trials with 
control groups, The difference between the experimental group 
and the control groups was highly significant (p<.0l). A rank 
order correlation between the degree of body temperature loss ani 
the final response latency in the test situation was +0.85 (p,0l), 
This significant relationship suggests that the level of behavior 
in a simple acquisition task may be a function of body temperatun, 
Experimental animals demonstrated improvement in performance 
during an extended series of 10 trials in the acquisition 
situation but did not achieve a satisfactory criterion for 
acquisition, (Supported in part by USPH grants 2M~6418 and H-38%) 
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HYPOTHERMIC PROTECTION AGAINST ASPHYXIA IN NEWBORN PUPPIES, 
James A, Mitten, Jre AND Faitu S. Mitter*. TuLane Unive 
Scnoo. of Meo., New Orceans, La. ‘ e 
TH GASPING TIME OF NEONATAL PUPPIES CooLED 5 4 10, 
15°, 20° ano 25 BELOW NORMAL BODY TEMPERATURE AND EXPOSE 
To 95% N. + 5% CO. was LONGER wiTH EACH 5 DECREASE IN 
Booy Tenbenature Sure AT THE LOWEST TEMPERATURE IT &SVERe 
AGED 10%K THAT OF NORMOTHERMIC LITTERMATE CONTROLS. Most 
(8 of 11) recovereo From 5x ano 6x ano some (7 oF 16) 
RECOVERED FROM 7x, 8x, 9x AND 10X THE LETHAL EXPOSURES 
WHEN ONSET OF COOLING WAS DELAYED UNTIL HALF OF THE MEAN 
TIME OF DEATH OF NORMOTHERMIC ANIMALS (7 mgNe)s 9 oF 10 
WHOSE MINIMAL TEMPERATURES REACHED 9 -15.5 RECOVERED 
SPONTANEOUSLY FROM AN EXPOSURE WHICH WAS LETHAL FOR 1 
OF worRMoTHERMIC PUPS (23 MINs)s THUS, COOLING NOT OMLY 
POSTPONES DEATH FROM ASPHYXIA IN NEONATAL PUPPIES, IT ALS 
PERMITS COMPLETE, SPONTANEOUS RECOVERY FROM LETHAL EXPOS* 
URES WHETHER THE COOLING 18 INDUCED BEFORE OR DURING THE 
PERIOD OF ASPHYXIATION. THE BENEFITS CONFERREO BY HYPC= 
THERMIA ARE FAR GREATER FOR PUPPIES THAN FOR GUINEA PIGS: 
THE REACTIONS TO BOTH HYPOTHERMIA AND ASPHYXIA IN puppies 
APPEAR TO RESEMBLE CLOSELY THOSE REPORTED FOR THE NEONATAL 
HUMAN INFANT (WesTIN, MILLER, NYBERG, WeDeNBERG, 1959, 
1961). (Suprorteo sy Assn. For tHe Ato oF CripPLeo 
CutLoren Ano Nate. Insts. OF HEATH.) 
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Physiology 
CHRONIC DEFICITS OF TEMPERATURE REGULATION PRO- 
DUCED BY LESIONS IN THE PREOPTIC REGION OF CATS, 
F, H. Jacobson and R.D. Squires. Aviation Medical Accelera- 
tion Lab., U.S. Naval Air Development Ctr., Johnsville, Pa. 
Effective temperature regulation disappeared in four cats 
and was markedly deficient in another cat in which lesions 
were placed in the medial preoptic region and lower septum. 
No defect of temperature regulation was seen in a sixth cat, 
in which a large lesion was placed in the medial anterior 
amus. At room temperatures above 21°C, the four 
ikilothermic cats permitted colonic temperature to drift 
jownward to 31.7 -34.6°C before being warmed. Death, 
ostensibly from pneumonia, occurred 6-8 days after opera- 
tion, These cats were capable of raising their temperatures 
as high as 41°C during resistance to handling. The fifth cat 
permitted colonic temperature to vary continuously between 
35,3 and 39.5°C in a 21°C room for three weeks. In cold and 
slight heat stress tests, she exhibited the normal pattern of 
temperature regulation except that the "dead zone" was 
greatly broadened. Fifteen weeks after operation, her tem- 
perature was rising rapidly above 42.4°C in an ambient tem- 
perature of 40.4°C while an unoperated cat had held its tem- 
perature at 41, 2°C for two hours. 


Physiology 


STUDIES ON REWARMING FOLLOWING PROFOUND HYPOTHERMIA. E. Je 
Fedor,# J. W. Smith, Jr., and B. Fisher. Univ. of Pgh. 
Schoo! ° ry ry e 

Reports pertaining to profound hypothermia have been mainly 
concerned with the interval animals have been attached to an 
atracorporeal system. Survival rates have been reported, 
but little data have been presented to indicate when a normal 
state has been restored following rewarming. To evaluate 
this, mongrel dogs anesthetized and attached to a pump oxy- 
genator with a heat exchanger were cooled to 5-10° C. Blood 
perfused at 50 cc/Kg/min. was introduced via the right femor- 
al artery and was returned to the extracorporeal system 
through the right jugular and femoral veins. Animals were 
rewarmed to 30° C., and the pump discontinued. Values were 
obtained before the animal was attached to the pump, immedi- 
ately after the pump was turned off (animal at 30° C.), and 
l, 8, and 1) days later. From these studies it was observed 
that 7 days after removal of the animal from the extracorpor- 
eal system several parameters were not back to normal. Art- 
erial blood pressure was depressed 25%; hematocrit and hemo- 
globin values were 33% and 36% lower than the normal. Plasma 
volume was increased 51%, but the total blood volume was in- 
creased 16.5% A-V oxygen difference was elevated 1.5% 
above the control levele All parameters were at control 
levels by the lth daye 


Physiology 
MAST CELLS IN EARS OF CONTINYOUSLY COLD EXPOSED 
RATS. O. Héroux.* National Research Council, 
Ottawa, Canada. 

Mast Cells (M.C.), stained with Pinacyanol Erythrosinate 
were counted on longitudinal sections of the ears of rats in 
separate portions, that is in the lst, 2nd, 3rd and 4th mm from 
the tip. The concentration of M.C. was greater (550/mm2) at 
the tip (Ist mm) than at the base (388/mm/@ in the 4th mm). 
Uponexposure to 6°C., the number of M.C. gradually decreased 
inall portions of the ear during the first month to reach a low 
level which remained constant for the following three months. 
This drop in M.C. paralleled the gradual blocking of mitotic 
cells in epidermis and the development of inflammation which 
both attained their maximum, as already reported, around the 
4th week of cold exposure. After that 1st month while there 
was no further change in the concentration of M.C. the block- 
ing of mitosis and the inflammation gradually disappeared. 
When the rats were returned to 30°C., M.C. started increas- 
ing only after the 1st week. By the 3rd week, their number in 
tach portion was back to about 75% to 90% of the initial count. 





215 


162 ENVIRONMENT—Space 
Physiology 


RESONANT FREQUENCIES OF INTERNAL BODY STRUCTURES. 

Je Le Nickerson, Ge Nemhauser*, C. Gannon®, Je Greenman’, 
° Sateman*. ‘ago cal Sohool, Chicago lc, 

Illinois. 


An x-ray kymograph has been devised which enables us to 
determine with high accuracy, the r nt freq ies and 
the amount of movement of internal organs under externally 
applied sinusoidal forces. Values for structures in the 
abdomen and the thorax will be reported. (Supported in part 
by a grant from the United States Air Forcee) 





Pharmacology 
FACTORS INFLUENCING THE POSTMORTEM CONCENTRATION OF BRAIN 
LACTIC ACID. L. R. Goldbaum and A. M. Dominguez.* Armed 
Forces Institute of Pathology, Washington 25, D. C. 

Exposure to hypoxia prior to death results in a marked 
increase in the level of lactic acid in the postmortem brain. 
This finding has been suggested as an aid in determining ante- 
mortem hypoxia (Am. J. Physiol. 192:577, 1958), In the in- 
terpretation of postmortem brain lactic acid levels, previous 
studies have focused attention on the role of hyperglycemia as 
an important factor influencing the increased lactic acid in 
brain of animals exposed to hypoxia prior to death (Fed. Proc. 
19:177, 1960). In addition, it has been suggested that anothe 
factor complementing hyperglycemia, and influencing postmortem 
formation, is the oxygen tension within the brain at the time 
of death. The significance of this factor on the content of 
lactic acid in the postmortem brain was explored. Adult male 
rats were exposed to conditions reported to alter the oxygen 
tension within the brain (J. Appl. Physiol. 8:255, 1955) and 
the postmortem level of brain lactic acid and blood glucose 
were determined. Similarly, hyperglycemia was induced prior 
to alteration of oxygen tension of brain, and blood glucose 
as well as postmortem concentration of brain lactic acid were 
measured, These results are evaluated as they apply to the 
interpretation of brain lactic acid values used in the medical 
investigation of aircraft accidents. 





163 ENVIRONMENT— Underwater 


Physiology 


ADAPTATION TO SKINDIVING. Karl E. Schaefer U.S.N.Medical Re- 
search Laboratory, New London, Connecticut. 

Longitudinal studies carried out on instructors at the 
escape training tank, U.S.N.Submarine Base, New London, Conn., 
showed after one year of duty an increase in the ratio total 
lung capacity/residual volume plus the volume of the airways, 
which determines the depth threshhold of thoracic squeeze. 
Adaptation of the lung volumes extended the depth threshhold 
of thoracic squeeze from 85 feet to 105 feet within one year. 
Furthermore, it was found that the well known high tolerance 
of skindivers to C02 is a result of adaptation. The respira- 
tory response to 5% C02 increased significantly in a group of 
eight tank instructors after a three-month lay off period 
during which no waterwork requiring frequent breathholding 
under water was performed. Blood gas and electrolyte measure- 
ments obtained at the end of a longer period of water work 
exhibited a decrease in pH, increase in p02 and bicarbonate 
levels commensurate with an increase in hematocrit, a re- 
duction in plasma red cell water, an increase in red cell 
sodium and a decrease in cell potassium. Observed changes 
are similar to thos? noted during adaptations to increased 
CC2. Blood electrolyte and C02 values returned to normal 
after the three-month lay off period. 
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Physiology 


THE EFFECT OF EXERCISE ON THE SUCCINIC DEHYDROGENASE FEEDING 
RESPONSE. Read R, Nielson* and Howard M. Klitgaard. 
Marquette University School of Medicine, Milwaukee, Wisconsin. 

As reported previously (Fed.Proc.19:45, 1960) succinic 
dehydrogenase activity of rat liver, kidney, heart and psoas 
muscle each showed considerable variation related to the 
length of time after feeding. The pattern of response was 
similar for all tissues showing a decrease in activity which 
reached a 6 hour minimal value and then increased as time was 
extended to 24 hours. The extent of rise in activity varied 
with each tissue depending on the length of the non-eating 
period. In order to evaluate the effect of exercise on these 
changes in succinic dehydrogenase activity, rats were walked 
for 6 hours after a 5 hour feeding period. Enzyme assays 
were determined at various time intervals throughout a 24 
hour period following feeding. Liver enzyme activity showed 
the same pattern of response as previously found but 10% less 
throughout. The kidney effect was modified by showing a 17% 
lower value at 24 hours, Heart enzyme activity was increased 
10% above the non-exercise value at 6 hours and showed no 
significant increase at 24 hours. Psoas enzyme, as in heart, 
failed to show the high increases at 24 hours as seen without 
exercise. (Supported by U.S.P.H. grant A-1706.) 


Physiology 


CATALASE ACTIVITY IN SUBCELL'LAR FRACTIONS OF NEOPLASTIC AND 
LIVER TISSVES, Leo 4. Miller* and Anna Coldfeder. Cancer Res. 
Lab., Dept. of Hosps. and Biol. Dept. New York Tniv., N.Y.,N.Y. 

In the course of studies on the biological properties of 
two tumor types (epithelial anc spindle cell), the catalase 
activity of these tumors compared with liver, all indigenous 
to the same DBA/?12 strain of mice, was determined. Several 
subcellular fractions from this material were assayed and the 
activity was calculated on a protein basis. This enzyme was 
found in the nuclear, mitochondrial, microsomal and cell sap 
moieties of the liver. In the tumors, however, catalase activ- 
ity was observed only in the mitochondrial and microsomal com- 
ponents. Liver mitochondrial catalase activity was 3 to times 
greater than that of the microsomes and cell sap and about 10 
times greater than that of the nuclei. The activity of both 
cytoplasmic particles of the tumors was approximately the same. 
The mitochondrial enzyme activity of the liver was about 15- 
fold greater than that of the epithelial tumor and about 30- 
folded greater than that of the spindle type. Two significant 
cifferences in catalase activity between these two types of tu- 
mors with respect to liver were found. The mitochondrial enzyme 
activity of the epithelial and spindle cell tunors wes 15 and 
30-fold less, respectively, than that of the liver. Furthermore 
the tumors lacked catalase activity in their nuclear and cell 
sap moieties. 





Biochemistry 
INTERMEDIATES IN THE BIOSYNTHESIS OF CALDARIOMYCIN. Jonathan 
R. Beckwith* and Lowell P. Hager. Department of Chemistry, 
University of Illinois, Urbana, Illinois. 

It has been previously proposed that 2-chloro-1,3-cyclo- 
pentanedione (I) and 2,2-dichloro-1,3-cyclopentanedione (II) 
are late intermediates in the biosynthesis of caldariomycin. 
Chloroperoxidase, which has been previously shown to be a com- 
ponent of the 6-ketoadipate chlorinase system, will catalyze 
the chlorination of I-II. Initial observations of spectral 
changes during the enzymatic chlorination of I indicated that 
the product of the reaction was identical with synthetic II. 
Subsequent recrystallizations and cochromatography of the C1?® 
labelled enzymatic product with synthetic II have verified 
this conclusion. When Cl** labelled II and unlabelled KCl 
were incubated with mycelial preparations of the mould in 
either Czapek-Dox medium or phosphate buffer, pH 4.4, an in- 
corporation of Cl*® into caldariomycin was observed. Control 
experiments were carried out in which equivalent amounts of 
KC13® were incubated under the same conditions and the radio- 
activity in caldariomycin measured. The data from these ex- 
periments prove that the incorporation of Cl?* labelled II 
into caldariomycin could not proceed via hydrolysis of II to 
inorganic chloride. These results are consistent with the 
formulation of a cyclization reaction occurring at the oxida- 
tion level of a B-ketoadipate derivative followed by enzymatic 
chlorination and reduction to yield caldariomycin. 








Biochemistry 


PROTEOLYTIC ENZYME ACTIVITY AND DEGREE OF MALIGNANCY op 
HUMAN GYNECOLOGICAL TUMORS, Carlton Blackwood* and 
Mand1,Columbia U.,College of Physicians & Surgeons , Newfon 
In an attempt to find correlations between proteolyti, 
enzyme activity of human gynecological tumors, invasivenes 
and grade of malignancy a study of the action of tumor 
homogenates and ascites fluids against synthetic peptidg 
analogs was initiated,Activity against 2 substrates whig 
lend themselves tp both biochemical and histochemica] te, 
will be reported.Leucine 6B naphthylamide is hydrolyzed y 
several peptidases present in the tissues investigated, 
Benzoyl arginine B naphthylamide is susceptible to trypgj. 
like enzymes,The latter substrate was used to study the 
level of catheptic activity at pH values of 4,8 and 6,2, 
Results indicated a definite relationship between the pray 
of malignancy determined cytologically by Dr.Margaret Long 
and the level of the enzymes investigated.A relationship 
also seemed to exist between invasiveness and concentrati 
of inhibitors,At pH values above 7 catheptic activity was 
minimal and differences in the amount of tryptic digestin 
of benzoyl arginine 6 naphthylamide in the presence and 
absence of tissue homogenates measured trypsin inhibitor 
level.Properties of the tumor enzymes will be reportedanj 
their relationship with other proteolytic enzymes discusge 
(Supported by a grant from the American Cancer Society,) 





Biochemistry 
UDPG-PYROPHOSPHORYLASE AND TDPG-PYROPHOSPHORYLASE IN MICRO- 
ORGANISMS AND PLANTS. John H. Pazur and Eldon W. soueyt 
Department of Biochemistry and Nutrition, University 
Nebraska, Lincoln, Nebraska. 

The synthesis of uridine diphosphate glucose (UDPG) from 
uridine triphosphate and a-D-glucose-].-phosphate occurs ins 
wide variety of biological materials. Recently it was reported 
from our laboratory that thymidine diphosphate glucose (TIP) 
is synthesized from thymidine triphosphate and a-D-glucose-l- 
phosphate by cell-free extracts of Streptococcus faecalis (J, 
Am. Chem. Soc., 82, 5009 (1960) ). Enzymes with this type of 
activity are called pyrophosphorylases. The distribution ani 
the levels of the UDPG- and TDPG-pyrophosphorylases have been 
determined in several microorganisms and plants (strep. fae- 
calis, E. coli, L. mesenteroides, L. arabinosus 2: 
cenes, B. subbinis, Be lutes, Beak. sureus; alcalte ecole 
ees). UbPG-pyrophosphorylase was found in extracts fra 
all the materials examined. TDPG-pyrophosphorylase was fount 
in significant amounts only in those microorganisms and plants 
which contain rhammose. The enzymatic conversion of TDPG to 
thymidine diphosphate rhamose (TDPRh) has been observed with 
enzyme preparations from some of these organisms. The TDPRI 
probably serves as a donor of rhamnosyl units for the synthe- 
sis of heteropolysaccharides in the cell wall. 





Biochemistry 


NON~COMPETITIVE INHIBITION OF INVERTASE ACTIVITY BY UREA. 
M, Chase. Princeton University, Princeton, Ne Je 

Analysis of the reversible inactivation of yeast invertas 
by urea has indicated that about 2 urea molecules are require 
per active site (Chase and Krotkov, J» Cell. Comp. Physicly 
1956). Osborne and Chase (ibide, 1954) obtained the same vale 
ue for Cypridina luciferase, and Hill, Schwartz, and Sait 
(J. Biol. Cheme, 1959) reported a similar one for papal 
Rajagopalan, Fridovich, and Handler (bide, 1961) found that 
about 2 molecules of urea were required per active site to im 
hibit competitively the activity of several other enzyme 
This was interpreted as indicating a specific effect at the 
active site rather than a general hydrogen bond disruption 
the urea. The transient occurrence of certain oligosacchal® 
ides during hydrolysis of sucrose by invertase complicates 
studies of the inhibition of invertase activity by unt 
(Krotkov, Gutmann, and Chase, Arch. Biochem. Biophyse, 1 
but under suitable experimental conditions reliable ini 
rate measurements can be made polarimetrically with a range of 
sucrose and urea concentrations. Analysis of such data 
cates that the inactivation of invertase by urea, although 1 
quiring only 2 molecules per catalytic site, is ne . 
non-competétive rather than competitive in nature. (Supported 
by a grant from the National Science Foundation.) 
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Biochemistry 


MEASUREMENT OF BLOOD GLUCOSE BY A COUPLED GLUCOSE OXIDASE- 
CATALASE ENZYME SYSTEM. F, William Sunderman, Jr, and F. 
. Jefferson Medical College, Philadelphia. 

A procedure has been developed for measurement of glucose 
in protein-free filtrates of blood or plasma, employing a 
coupled glucose oxidase-catalase enzyme system. Glucose is 
oxidized to gluconic acid and hydrogen peroxide by action of 
glucose oxidase, Hydrogen peroxide induces oxidation of me- 
thenol to formaldehyde by action of catalase, The formalde- 
hyde produced by the coupled enzyme system is measured by the 
chromotropic acid color reaction. Optimal conditions for the 
enzymatic reaction have been eval<ted with respect to pH, 
temperature, duration of incubation, and concentrations of 
methanol, glucose oxidase and catalase, The chromotropic acid 
reaction has been modified to furnish increased sensitivity 
and rapidity. The procedure has been adapted for micro-analy- 
sis, automatic analysis, and emergency use, The concentration 
of glucose in venous blood samples from 38 fasting volunteers 
averaged 80 mg per 100 ml (S.D. + 6.6). The standard devia- 
tion of replicate analyses was + 1.1 mg per 100 ml. Measure- 
mentsad’ blood glucose by the new procedure averaged 9 percent 
lower than by the Nelson-Somogyi copper reduction technic. 
Considerations of specificity, sensitivity, precision, and 
convenience suggest that the new procedure offers several 
advantages for use in clinical and research laboratories, 


Biochemistry 


KINETIC STUDIES WITH CARBOXYPEPTIDASE B. Edith C. Wolff* and 
J. & Folk. Natl. Insts. of Health, Bethesda, Md. .- 

The peptidase activity of purified porcine carboxypeptidase 
B (Folk et ale, J. Biol. Chem. 235, 2272, 1960) toward hip- 
puryl-L-arginine follows zero order kinetics above 5 x 107% 
substrate. By utilizing absorption cells of 5.0 and 10.0 cm. 
path lengths in a modified spectrophotometric assay it has now 
been possible to obtain kinetic data at lower substrate con- 
centrations. Lineweaver-Burk analysis of these data yield an 
apparent K, for hippuryl-arginine of 1.5 x 1 M with a V,., 
of 22 x 10-6 M/L/min. at an enzyme concentration of 1.2 x 
10-6 mg./ml. (3.5 x 1079 M), The calculated V can be ob- 
served experimentally as there is no evidence of inhibition by 
substrate up to 0,002 M, or by the products of hydrolysis. A 
marked lack of dependence of activity om ionic strength be- 
tween 0,001 and 0.1 M was found, although greater salt concen- 
trations inhibit progressively (50% at 2M NaCl). Kinetic 
parameters of the activity toward several other substrates, 
eg., hippuryl-L-ornithine, hippuryl-L-lysine, benzoyl-L-lysyl+ 
lysine, benzoyl-a-L-glutamyl-L-arginine and hippuryl-L-argin- 
inie acid have been obtained by the modified spectrophotomet- 
ric procedure, and the effects of competitive inhibitors com- 
pared. It may be concluded that the action of carboxypep- 
tidase B differs in certain important details from that of the 
Telated proteolytic enzyme, carboxypeptidase A. 


Biochemistry 


STUDIES ON THE BIOSYNTHESIS OF ACT{NOMYCIN: ENZYMIC FORMATION 
OF ACTINOCIN,. E.Katz* and H.Weissbach, Natl. Heart Inst., 
Bethesda, Md. 

A cell free extract obtained from S. antibioticus was found 
to catalyze the conversion of 4-methyl-3-hydroxyanthranilic 
acid(4-methyl1-3HAA)to actinocin (2-amino-4, 5-dimethyl phenox- 
azin-3-one-1,8-dicarboxylic acid). Other ortho-aminophenols, 
such as 3HAA, 4-methyl-3HAA methyl ester, ortho-aminophenol, 
3-hydroxykynurenine and 4-phenyl-2-aminophenol, were converted 
te corresponding phenoxazone derivatives. The reaction has 
been found to be inhibited by versene indicating a metal re- 
quirement for phenoxazone synthesis. Of a series of metals 
tested, only manganese was found to stimulate phenoxazone 
formation, However, a marked inhibition of the reaction was 
observed with cupric and ferrous ions. Since this enzyme may 
be essential for the synthesis of actinomycin the results 
obtained in vitro have been extended to the growing organism. 
Cupric ion (10-4M) was found to cause a striking inhibition of 
antibiotic synthesis, with only a partial reduction of 
mycelium formation. Chromatographic examination of the growth 
medium in the presence of cupric ion revealed the presence of 
Several metabolites, possibly related to 3HAA, which were not 
evident in the control flasks. Further studies on the 
characteristic of the phenoxazone forming enzyme and its role 
in actinomycin synthesis are in progress. 








Biochemistry 
EFFECT OF ZYMOSAN ON SERUM TRANSAMINASES. Gerard A. 
Fleisher and Khalil G, Wakim. Mayo Clinic and Mayo 
Foundation, Rochester, Minnesota. 

After intravenous injection of highly purified canine GOT 
I and GPT into dogs, the disappearance curves followed 
double logarithmic functions whose parameters were 
comparable in different enimals. Preinjection levels were 
reached in about 3 and 18 days, respectively. In contrast, 
mitochondrial GOT II disappeared within 6-8 hours and 
consistently showed an atypical curve. To test whether the 
R.E. system takes part in the elimination of blood enzymes, 
we studied the effect of Zymosan, s stimulator of R.E. cells, 
on the serum levels of endogenous or intravenously given 
transaminases. Zymosan (10 mg./kg. body weight) was given 
intravenously to dogs. Endogenous GOT I, GOT II and GPT 
increased in 1 or 2 hours, with a maximum at 5-8 hours, 
which occasionally was as much as 50 times the a 
level. Lactic dehydrogenase, tested in some 8. rease 
less. After 48 hours, enzymatic activities ceaitiy were 
below the initial values. When the ection of Zymosan was 
followed within 24 hours by purified GOr II, elimination of 
this enzyme was slowed tly and the shape of the curve 
altered characteristically. These effects cannot be 
explained on the basis of stimulation of the R.E. system, at 
least during the first 2 days after use of Zymosan. 
(Supported by P.H.S. grant A-2020.) 


Biochemistry 


SYNTHESIS OF INVERTASE IN S, CEREVISIAE, F. Dodyk", Univ. 
of Rochester Sch, of Med,, Rochester, New York 

Invertase in yeast is located on the surface of the cell 
and it can, therefore, be directly assayed in the living cell. 
Cells grown in a high glucose medium do not synthesize inver- 
tase until after the log phase of the growth cycle, If 
harvested prior to this time and washed, the enzyme is 
synthesized without concomitant growth provided that an 
appropriate concentration of glucose is supplied. The 
optimal concentration is .005 M; higher concentrations are 
inhibitory (.02 M completely inhibits). Neither acetaldehyde, 
acetate, ethanol, pyruvate, lactate, citrate, nor succinate 
alone will give synthesis, All of these intermediates, 
except lactate, when present in the media with glucose in- 
hibit synthesis to varying degrees, while K, NH, and lactate 
have a stimulatory effect, Though there is a decrease in the 
amino acid pool during the period of enzyme synthesis, a 
decrease at a faster rate may be observed when no synthesis 
occurs (with an excess of glucose), Thus no direct 
correlation can be made between the decrease in concentration 
of the amino acid pool and invertase synthesis, 


Biochemistry 


INTERACTIONS GOVERNING THE FORMATION OF THE UNIQUE STRUCTURE 
OF RIBONUCLEASE FROM THE REDUCED CHAIN. E. Haber*, M. Sela* 
and C. B. Anfinsen, Natl. Insts. of Health, Bethesda, Md. 
Reduced RNase is converted to native enzyme by air oxida- 
tion in low concentrations at pH 8 in 90% yield. Oxidations 
in 8 M urea or 3 M guanidine-HCl yielded material with physi- 
cal properties nearly identical with RNase. However, the pro- 
duct is completely trypsin sensitive at 25° and the specific 
activity is only 1%, corresponding to random SS bond formation. 
Re-reduction and proper oxidation regenerates activity, sug- 
gesting absence of covalent damage. Of a variety of tyrosine 
analogues, only those bearing a phenolic hydroxyl and lacking 
a charged group on the benzene ring were effective in interfer- 
ing with proper refolding. A Tyr-Glu (1:1) copolymer (0.4 mg/ 
mg RNase) completely inhibited correct reoxidation. Polyaspar- 
tic acid was ineffective. These findings stress the role of 
tyrosine interactions in the formation and maintenance of the 
active center. Treatment of RNase with N-carboxyalanine an- 
hydride yielded a fully active product chromatographically dis- 
tinct from both polyalanine and RNase, with alanine peptides 
bound to 7-8 amino groups per mole. Activity was completely 
restored after oxidation of the reduced poly-Ala-RNase. Thus 
the presence of bulky alanine peptide side chains does not 
appear to interfere with the correct translation o the chemi- 
cal information contained in the open chain sequence. 

























































Biochemistry 


CRYSTALLINE D-GLUCOSE 6-PHOSPHATE DEHYDROGENASE. Ernst A. 
Noltmann*, Clark J. Gubler, and Stephen A. Kuby. Institute 
for Enzyme Research, University of Wisconsin, Madison, Wis. 

D-Glucose 6-phosphate dehydrogenase (Zwischenferment) has 
been isolated in crystalline form from brewers’ yeast after 
a 2500-fold purification over the initial extract. The puri- 
fication procedure involves the following basic steps: 1) 
alkaline autolysis at high ionic strength; 2) (NH,),SO, frac- 
tionations; 3) precipitation and extraction of the Ag- 
proteinates; 4) solvent fractionation of the Mg- and Mn- 
proteinates; 5) adsorption of inert protein on Bentonite; 6) 
removal of nucleic acid contaminants with DEAE-cellulose; 7) 
crystallization and recrystallizations from (NH,),SO, solu- 
tions. After 4 crystallizations the specific activity of the 
enzyme remains constant at ca. 700 micromoles TPNH formed per 
mg protein per min. The enzyme appears to be present in 
relatively low concentration in brewers' yeast--approximtely 
50 mg per kg (dry weight). Studies are in progress to deter- 
mine the physicbohemical properties of the protein. 





Biochemistry 


EVIDENCE FOR THE PRESENCE OF MULTIPLE SOLUBLE STEROID 
REDUCTASES (58) IN RAT LIVER. Arnold N. Weinberg* and Jean 
Curren*., National Institutes of Health, Bethesda, Maryland. 
The soluble portion of rat liver homogenates contains 
enzymes which catalize the TPNH dependent reduction of the 
double bond of many A4-3 ketosteroids to their 5B isomers. 
Earlier evidence (Tomkins, JBC, 225, 13, 1957) had indicated 
that there was more than one substrate specific steroid reduc- 
tase (58). In an attempt to determine the number of such 
enzymes present, they were differentiated on the basis of 
their substrate specificity. Ten 4-5 unsaturated 3 ketoster- 
oids, including the synthetic steroid 9 alpha flurohydrocor- 
tisone were used. Evidence obtained from ammonium sulphate 
fractionation and differential inactivation experiments 
revealed that there were at least six different steroid reduc- 
tases. Other data suggest that there may be a specific reduc- 
tase for each steroid tested. The similarity of these sub- 
strates suggests that the enzymes are closely related physi- 
cally. Their behavior on column chromatography and in sedi- 
mentation velocity experiments supports this conclusion. 


Biochemistry 


EVIDENCE FOR HEPATIC PARENCHYMAL CELLULAR HETEROGENEITY 

WITH RESPECT TO HOMOLOGOUS ENZYMES. Richard F. Bakemeier* 
and Gordon M. Tomkins. National Institutes of Health, Bethes- 
da, Maryland. Two groups of closely related enzymes catal- 
yzing the reduction of the 4-5 double bond in ring A of A4-3 
-ketosteroids have been demonstrated in rat liver. The multi- 
plicity and high degree of specificity of these enzymes rais- 
ed the question of whether they are homogeneously distributed, 
with each cell containing all the various reductases, or 
whether the reductases are heterogeneously distributed. Ster- 
oid reductase activity in several small pieces of the same 
adult rat liver was assayed fluorometrically by measuring TPN 
production in the presence of various steroids. Striking 
differences were noted in the relative reductase activities 
toward the respective steroids in different pieces of the 

same liver, particularly after liver regeneration. This was 
interpreted as evidence for the heterogeneous distribution 

of these reductases, and suggests the possibility that each 
liver cell may contain only one or a few of the specific 
reductases. The analogy between these multiple closely rela- 
ted enzymes and antibodies is cited. 





Biochemistry 
DISTRIBUTION OF GLUTAMINE SYNTHETASE. Chung Wu.* Univ. of 
Michigan Medical School, Ann Arbor, Michigan. 

Comparison of glutamine synthetase activity in different 
organs of one species and in the same organ of different 
species of animals showed that the brain was the only organ 
to possess the enzyme activity in all species examined, ang 
the specific activity of the enzyme in the brain of differen 
species was nearly the same. DL-§-Allohydroxylysine inhibite 
the enzyme activity in the rat brain and liver. The inhibi. 
tion was non-competitive with respect to glutamate. With th 
differential centrifugation technic, the enzyme was found ip 
all subcellular fractions of the rat liver. However, the 
microsome fraction had the highest activity and the soluble 
fraction had the lowest. Deoxycholate stimulated the enzyme 
activity in the homogenate as well as in the subcellular frac. 
tions. The stimulation was the greatest in the microsome 
fraction and the smallest in the soluble fraction. The en- 
zyme in the nuclear and microsome fractions could be made 
soiuble with deoxycholate (0.1-0.5 per cent, pH 7.6). These 
observations indicate that the stimulatory effect of deoxy- 
cholate is due to its providing a more favorable condition 
for the enzyme and its substrates to react. The ease with 
which this enzyme in the microsome fraction can be solubilize 
suggests that the synthesis of glutamine is not an intrinsic 
function of the ribonucleoprotein component. 


Biochemistry 
IN VIVO EFFECTS OF NUCLEIC ACID COMPONENTS ON TYROSINE TRUS 
INASE ACTIVITY, Gerald Litwack ard Thomas I, Diamondstone; 





Phila, Gen, Hosp, and Univ, of Pa, Grad. Sch, Mode, Phila,, h, 
The question of protein synthesis as a mechanism for adapt 
ive enzymic activity formation in the rat liver remains open, 
nen curity (aM 

transaminase activity (TAKT) i» 

tyrosine or hyi- 


» all RMA 
levels normally seen to follow’tyrosine or HC inject 
. Nucleotide mixtures (NM), using 2',3'-mcleo- 
equally stimlatory but Di 


CYSTINE REDUCTASE IN ANIMAL TISSUES. Lesh T. * and 
Worthen’. Pediatric Research Leboravorises Variety cla 
Hospital, University of Minnesota, Minneapolis, Minnesota. 
Cystine reductase, an ensyme which catalyses the reductia 
of cystine to cysteine, was described by Nickerson and Ramm 
(Science 115: 676, 1952) in pea seeds and yeasts. We have 
found this enzyme to be present also in tissues from the rat, 


ies, the activity has been determined also by 

appearance of added DPNH, and in these studies, the 

ods agree well. Cystine reductase is separate from 

one reductase and from cystine transhydrogenase. The enzyme 
activity of rat liver and kidney homogenates appears to be 
present only in the microsomal fraction. 

(Supported in part by grants from the U.S. Public Health 
Service, Minnesota Heart Association, and the Graduate School 
of the University of Minnesota.) 
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Pharmacology 
RAT LIVER O-METHYL TRANSFERASE AS A DRUG SCREENING TOOL. A. A. 
kes*, J. D. Taylor and G. J. Lewis.* Abbott Laboratories, 

orth Chicago, Illinois. ‘ 

Semi-purified rat liver O-methyl transferase (OMT) may be 
ysed as a convenient and useful screening tool. The data ob- 
tained by inhibition of crude and purified OMT with catechol 
and pyrogallol correlate well enough to eliminate the need of 
isolating the purified enzyme for screening purposes. The 
purified enzyme was isolated and assayed as described by J. 
Axelrod and R. Tomchick, J.B.C. 233 702 (1958); the semi- 
purified enzyme was isolated and assayed with some modifica- 
tions of the same methods. The latter enzyme was found to be 
stable for more than 7 months at -15°C; frozen aqueous solns. 
of the coenzyme adenosylmethionine at pH's below 7.0 were 
stable for at least a month. Aqueous solns. of cpds. were 
tested for OMT inhibition at 1.0 x 10°4M or less. Catechol at 
1.0 x 10-4M caused 55% inhibition, and at 2.3 x 10-4M 75% in- 
hibition. At approximately 1 x 1074m Tofranil, atropine, co- 
cain, Marsilid, Catron, Marplan, SKF trans 385, A19120, 
Desoxyn, quinic acid and shikimic acid did not inhibit the 
semi-purified OMT. Reserpine, Nialamide, Isoniazid, apomor- 
phine, and 3,4-dihydroxymandelic inhibited the enzyme 10 to 
25%, while rutin, quercetin, pyrogallol, and other selected 
compounds inhibited the OMT 75 to 100%. Hundreds of cpds. may 
be tested quickly and systematically using semi-purified OMT. 





Pharmacology 


AN UNUSUAL CHOLINESTERASE. Walter M. Fitch.* Dept. of 
Pharmacol., Stanford Univ. School of Med., Palo Alto, Cal. 

Goldstein and Goldstein (J.Gen.Microbiol. 88,1953) 
found a Pseudomonas cholinesterase. This cholinesterase is 
conveniently assayed spectrophotometrically using an ana- 
logue of neostigmine which has an acetyl group in place of 
the dimethylcarbamyl group. 

The enzyme is induced equally well by either acetylchol- 
ine or its product choline. The organism also grows on all 
products of choline metabolism, down to glycine, each suc- 
cessive loss of a methyl group decreasing the enzyme yield. 
Glycine will not support crowth. However, if an alternative 
carbon source is provided, the enzyme is feebly induced, 
The choline precursor, dimethylethanolamine, does not 
support growth. 

The enzyme is unusual in that, unlike other cholinester- 
ases, it is not inhibited by eserine or organic phosphates. 
Furthermore, neostigmine inhibition is noncompetitive and 
not reversed by dialysis. The presence of substrate de- 
creases the rate at which inhibition develops. Neostigmine 
inhibition is reversed by 2-pyridine aldoxime methiodide. 
(Supported by Fellowship CF9087 and Grant CY2797 of USPHS 
Natl, Cancer Inst.) 





Pathology 


DEMONSTRATION OF NUCLEASE ACTIVITY*ON MAMMALIAN SKIN SURFACE 
J. Tabachnick and R. Freed* A. Einstein Med. Ctr., N. Div., 
Philadelphia, Pa, — 

We have previously shown that at least 50% of the RNase and 
DNase activity of normal guinea pig epidermis is present inthe 
interstitial fluid and/or the st. corneum, This led to our 
testing for miclease activity on the skin surface, Albino gui- 
nea pigs were anesthetized with Nembutal, the hair clipped and 
plastic cups with two needle holes were fastened on their flak 
1.5 ml of 0.9% NaCl was injected and removed by needle and 
syringe after 45 min, 1 ml of the "wash" solution averaged 
DNase and RNase activity equivalent to 2 and 0.03 gamma of 
crystalline enzyme, respectively, when assayed by Schuster (J. 
Biol. Chem. 229: 1957, 289) and Dickman (Biochim et Biophys. 
Acta 21: 1956, 539) procedures. Mg++ ions are required for 
DNase activity. The pH optimim was about 7.0; acid DNase was 
absent, Heating 15 min, at 60° and pH 7.7 destroyed 90% of 
the DNase activity. Activity in the "wash" was non-sediment- 
able after one hour centrifugation at 100,000 ¢. Epidermal 
DNase has a similar pH optimm, suggesting that the skin sur- 
face enzyme may originate from this source and/or the blood. 
Surface bacteria were excluded as a significart source. 
Nucleases may be involved in keratinization since they can be 
leached from guinea pig hair, however, only traces or none 
Could be detected on human skin or hair. (A.E.C. supported) 








Nutrition 


EFFECT OF DIETARY PROTEIN AND UREA ON 5-NUCLEOTIDASE ACTIVITY, 
FRUCTOLYSIS AND METHYLENE BLUE REDUCTION IN RAM SEMEN. RL. 


Shirley, TiN. Meachent, A.C. Warnick*, PE: Loggins, = 
Smith* . Vv. of Florida, 


JF. Hentges, Jr. and Ted. 
Fo. mma tegencrwneng 


Eighteen 11 month old rams from Rambouillet ewes were di- 
vided into 3 dietary groups of 5, 5 and 8 and fed rations that 
contained 10.8% Dracket protein, 4.0% urea (equivalent in N 
to 10.5% protein) and one free of nitrogen, respectively. 
Between 6 and 13 weeks after starting on these diets determi- 
nations were made for 5-nucleotidase activity, fructolysis and 
methylene blue reduction in semen obtained by electrical 
stimulation. The rams fed the Dracket protein had more 
(P<0.01) 5-nucleotidase activity; the urea fed group had the 
least activity. urea group had greater (P¢ 0.01) fructo- 
lysis during a 2-hour period, both with and without added 
fructose to the semen. Fructolysis was observed to be depen- 
dent (P<0.01) on both the motility and concentration of the 
sperm. Using whole semen the time required for methylene blue 
reduction was 24, 50 and 215 minutes for the urea, Dracket 
and deprived groups, respectively. Sperm washed with saline 
and added to the methylene blue reaction mixture containing 
sodium succinate as a substrate required approximately 6, 14 
and 12 hours for decoloration by the urea, Dracket and de- 
prived groups, respectively. 


Immunology 
THE OXIDATION OF THIOSULFATE BY EXTRACTS OF THIOBACILLUS 


THIOPARUS. H D. Peck, Jr.* and Earl Fisher, Jr.* Biol. Div., 
Oak Ridge Nat. Ls. Oak Ridge, Tenn., and Dept. of 


Ophthalmology, School of Med., Tulane Univ., New Orleans, La. 

Orthophosphate or arsenate is required for the complete oxidation of 
thiosulfate to sulfate by whole cells of the chemoautotroph, Thiobacillus 
thioparus. The O18 studies of Santer, plus the fact that extracts of this 
a: reduce adenosine~5'=phosphosulfate rather than 3'=phospho- 
adenosine-5'-phosphosulfate, suggest that this pathway of thiosulfate 
oxidation involves the sulfur-containing nucleotide, adenosine-5'~ 
phosphosulfate, as an intermediate. Cell-free extracts of T. thic és 
supplemented with fluoride, versene and substrate amounts of a 
glutathione, consume oxygen and produce sulfate in the presence of 
thiosulfate. When thiosulfate is oxidized in the presence of ps20,--, 
orthophosphate disappears and radioactivity is incorporated into ADP. 
This esterification of phosphate is insensitive to 2,4=dinitrophenol and 
ADP appears to be the first product of the reaction as the incorporation 
of p32Q ,-- into ADP is not affected by a pool of unlabeled ATP. After 
treatment of the extract with charcoal, AMP is required for the utiliza- 
tion of oxygen, production of sulfate and the esterification of ortho- 
phosphate. The enzymes involved and the mechanism of the reaction 
will be discussed. 
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Biochemistry 


INHIBITION OF SULFHYDRYL ENZYMES BY A MIXED DISULFIDE. James B. 
Walker and Margaret S. Walker* Dept. of Biochemistry, Baylor 
University College of Medicine, Houston 25, Texas. 

We have recently reported that formamidine disulfide (FDS) 
is a rapid, and apparently specific, inhibitor of certain sulf- 
hydryl enzymes (Walker and Walker, Arch. Biochem. Blophys., 86, 
80 (1960)). FDS is 300-fold more effective than cystamine, a 
related disulfide. Since excess FDS decomposes rapidly at neu- 
tral pH to cyanamide, S, and thiourea, the possibility exists 
that a transitory decomposition product is the actual inhibit- 
Ing moiety. To examine this possibility, the mixed disulfide 
of cysteine and isothiourea was synthesized from FDS and cyst- 
ine; this compound hydrolyzes somewhat differently from FDS, 
to form cysteine sulfenic acid and thiourea (Toennies, J. Biol. 
Chem., 120, 297 (1937)). On a molar basis the mixed disulfide 
is 60% as effective as FDS as an inhibitor of urease, arginine 
-X transamidinase from Streptomyces griseus, and arginine-gly- 
cine transamidinase from beef pancreas. As in the case of FDS, 
inhibition of papain and transamidinase by the mixed disulfide 
can be reversed by cysteine. it would appear that Irhibition 
by both FDS and the mixed disulfide results from the initial 
formation of mixed disulfides with sensitive enzymes, followed 
in some instances by hydrolysis to a sulfenic acid derivative. 
(Supported by grants from the Robert A. Welch Foundation, Hou- 
ston, Texas, and the U. S. Public Health Service.) 











Biochemistry 

THE THIOL GROUPS OF FICIN. Irvin E Dept. Agri. 
Biochem., Univ. Minnesota, St. Paul, ° 

The reaction of ficin with N-ethylmaleimide (NEM) re- 
vealed the presence of one -SH group in fresh preparations 
of the native enzyme. An additional -SH group reacted with 
NEM in the presence of sodium dodecylsulfate. Very nearly 
, -SH groups reacted with NEM upon treatment with NaBH) in 
the presence of a denaturant. The proteolytic and estéro- 
lytic activities of ficin were completely inhibited by NEM, 
p-chloromercuribenzoate, and iodoacetamide at a level of 
approximately 1 mole per mole of enzyme. Deviations from 
this stoichiometric relationship were encountered, however, 
with solutions of ficin which had been stored for some time 
in a frozen state. Although HgClo inhibited ficin at a level 
of 0.5 mole per mole of enzyme, ufinesentetfegal studies 
showed no evidence for the existence of a mercury dimer. 
It is concluded that ficin contains at least 2 -SH groups, 
only one of which is directly involved in the catalytic site 
of the enzyme, and at least 1 disulfide bond which does not 
a to be essential for the maintenance of activity. 
(Supported by grants from the National Institutes of 
Health and the National Science Foundation). 


Liener. 


Biochemistry 

THE MODE OF ACTION OF YEAST LACTIC DEHYDROGENASE. pes 
Hinkson and H.R. Mahler. Chem.Dept., Indiana Univ., Bloomington 

The binding of flavin mononucleotide(FuN) to the enzyme 
has: been studied. FMN is released in soluble form(as demon- 
strated by ultracentrifugation) on treatment of the enzyme 
With iodoacetate or acetamide, p-chloromercuribensoate (PCMB), 
N-bromosuccinimide(NBS), urea (22.0mM) or lithium bromide 
(2.93u)» The latter observations indicate that FMN binding is 
not covalent and is dependent on protein configuration. With 
3-OM urea as the dissociating agent the rate of decline of 
enzymatic activity (ive. of ¥,, the initial velocity lactate+ 
ferricyanide) equals the rate of dissociation of bound FMNe 
The decline in V, is a linear function of urea concentration; 
in 2.5M urea V, is 0239 that of an untreated control. with 
PCMB or NBS the rate of decline in VY, is much more rapig than 
the rate of FUN release. The latter in 3.3)-6.68 x lo“ Mw 
Pomp is first order with ak = 0.366 x min™. Kinetic 
studies using some of the above reagents as enzyme inhibi- 
tors will also be presented. Presently available evidence 
indicates that sulfhydryl groups are involved in FMN binding 
and may also contribute to the binding of the substrate. 
(Supported by a grant from the National Science Foundation) 





Biochemistry 
THE ACTIVE CENTER OF CARBOXYPEPTIDASE A. Joseph E. Coleman* 
and Bert L. Vallee. Biophysics Res. Lab., Harvard Medical 
School and Peter Bent Brigham Hospital, Boston, Mass. 

A zinc mercaptide is part of the active center of carboxy- 
peptidase A. At pH 7 the apoenzime releases two Ht ions on 
combination with zinc, demonstra:ing zinc binding to a second 
group, thought to be nitrogen (Vallee et al. J. Biol. Chem., 
235, PC45, 1960). To examine the N-S hypothesis the apparent 
Tog K's of metallocarboxypeptidases containing 1 gm atom of 
mn**, cot+, nit*, cut, znt*, ca**, Hgt*, or Pbt* have been 
determined in 0.05 M Tris, 1 M NaCl, the latter required for 
enzyme solubility. Under these conditions log Kapp is high- 
est for zinc, 8.3. Allowing for the complexation of the dif- 
ferent ions by Tris and Cl”, appropriate corrections must be 
made for each to ascertain the true log K's. This results in 
the stability series Hgt>Cdt+>Znt+>CutNit+Cottmntt, the 
order and magnitudes being identical with those of bidentate 
N-S ligands (Nature, in press). This supports the view that 
an N-S center is the metal-binding site of apocarboxypepti- 
dase A. Among these Mn, Co, Ni, and Zn carboxypeptidases 
differentially exhibit both peptidase and esterase activity. 
Cd, Hg, and Pb carboxypeptidases are active on esters only. 
The evidence suggests that the active center of native car- 
boxypeptidase A includes one sulfur, one nitrogen, and one 
zinc atom. 
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Biochemistry 

IQDOACETIC ACID AND IQDOACETAMIDE REACTIONS IN RELATION TO Tug 
ACTION OF PHOSPHOGLUCOMUTASE, John A. Yankeelov, Jr.* and 
D. B. Koshland, Jjr., Brookhaven Natl. Lab., Upton, N. Y,. 

Haloacetates have long been known to react with the sulf- 
hydryl groups of proteins and have recently been demonstrated 
(Barnard & Stein; Gundlach, Stein & Moore) to inactivate ribo. 
nuclease while alkylating lysine, methionine, and histidine 
residues. In order to clarify structure-function relation- 
ships in phosphoglucomutase, studies with iodoacetate and 
iodoacetamide have been initiated, At pH 6.5, iodoacetate 
gives a smooth initial inactivation of phosphoglucomutase 
which decreases in rate after about 3 hours, At this point 
approximately 40% of the enzyme activity has been lost and 
approximately one residue of carboxymethylcysteine is obtained 
on acid hydrolysis. The iodoacetate reaction proceeds at 
approximately the same speed at pH 8. Iodoacetamide, in cone 
trast to iodoacetate, effects a more rapid and more complete 
inactivation, Amino acid analysis of protein hydrolyzates dee 
rived from the initial phase of the reaction again indicates 
the presence of carboxymethylcysteine, More extensive re- 
action promotes the appearance of peaks attributable to deriva. 
tives of lysine and methionine, Substantial protection by 
gl 6=phosphate after extensive reaction suggests that one 
or more of these residues may be at the active site, 
(Research carried out under the auspices of the USABC.) 





Biochemistry 


CHEMICAL STRUCTURE OF PANCREATIC PROCARBOXYPEPTIDASE A. H, 
Neurath, J. R. Brown,* R. N. Greenshields,* P. J. Keller and 
M. Yamasaki.* Univ. of Washington, Seattle, Wash. 

Although bovine pancreatic procarboxypeptidase A (PCr) ap- 
pears to be a single, homogeneous molecular entity (J. Biol. 
Chem. 223, 427(1956)) which serves as the zymogen for an endo 
peptidase as well as for carboxypeptidase A, experiments de- 
scribed herein suggest that the 96,000 molecular weight unit 
is composed of subunits which may be comparable in size to 
carboxypeptidase (approx. 34,000). Sedimentation in the ultra. 
centrifuge indicates disaggregation by urea, in aqueous solu- 
tions at pH 10 or by 1,10 phenanthroline. End group analysis 
reveals three N-terminal groups per PCP molecule, i.e. half- 
cystine, aspartic acid (or asparagine) and lysine, whereas 
carboxypeptidase A liberates several amino acids from the C- 
terminus. When PCP is activated to the endopeptidase stage 
then labelled with DFP°= and fully activated to carboxypep- 
tidase, the radioactivity is found in the protein rather than 
in the peptide fraction and bound to a component which can be 
separated by electrophoresis from carboxypeptidase. In the 
light of these findings, the formation of carboxypeptidase A 
from its zymogen requires re-evaluation by further experiments 
now ip progress. 





Biochemistry 


REACTION OF N-ETHYLMALEIMIDE WITH SWEET POTATO 6-AMYLASE. 
John C. Speck, Jr.*, *, and Rene Evard*. Dept. 
of Chemistry, Michigan State Univ., East Lensing, Mich. 
The action of N-ethylmaleimide (NEM) on highly purified 
sweet potato S-amylase was investigated in an attempt to ob- 
tain information about active sites of this enzyme. NEM was 
found to inhibit this amylase in a reaction which exhibits 
marked dependence on pH. For example, 4 -SH groups were found 
to react at pH 8.0, whereas none reacted at pH 4.5, despite 
the reactivity of cysteine towards NEM and the maximm in cat« 
alytic activity of the amylase at this lower pH. The NEM in- 
hibition was never quite complete, indicating that an -SH 
group may not be involved in the catalytic mechanism. Never- 
theless, approximately 1 -SH group had reacted at 50% inacti- 
vation, so that it appears that reaction of only one critical 
-SH group may be involved in this inhibition. The NEM reac- 
tion with the enzyme was followed by (1) measuring the disap- 
pearance of NEM and (2) determining S-cysteinosuccinic acid in 
the acid hydrolysate of the NEM-treated enzyme. (S-Cysteino= 
succinic acid is formed from NEM-modified cysteine residues of 
the protein and was estimated in the Stein-Moore quantitative 
amino acid determination.) The two methods gave nearly iden- 
tical results which indicates that NEM does not react with 
functional groups of this enzyme other than -SH groups. (Sup 
ported by Grant No. RG-5524 from Natl. Insts. of Health. ) 
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Biochemistry 


RIBONUCLEASE IN UREA, E. A. Barnard*. Virus Laboratory, Univ. 
of California, Berkeley, and King's College, London, England. 

The relationship has been studied of the active center of 
ribonuclease to protein unfolding in urea and to the partial 
refolding (Sela and Anfinsen, Biochim. Biophys. Acta, 24, 229, 
1957) induced by phosphates. Difference spectra were used as 
indices of unfolding. Cyclic phosphatase activities in urea 
and water have been compared kinetically, using spectroscopic, 
and, at high BI, stopped-flow acidimetric assays (Kernohan, 
Stein and Barnard, in preparation). Linear plots of 1/y 
against 1/s resulted; Km is almost unchanged by &M urea but 
Vnax 1s decreased by>90%. Phosphate slightly inhibits the 
activity in urea. Addition of phosphate gives a slow refold- 
ing, @-8- ts = 13 min. (25°, 0.04 M, pH 7.2 in & M urea). 
Extents and rates are strongly temperature-dependent. Decline 
of activity occurs at lower concentrations of urea, where the 
spectral blue shift is absent. It is concluded that a refold- 
ing, identical with the phosphate type, by substrate cannot 
account for the activity in urea, and that the energy-requir- 
ing changes induced in the regions containing the "abnormal" 
tyrosines are not directly concerned in the changes in 
activity. Imidazole carboxymethyl ribonuclease gives a 
spectral blue shift in & M urea, but not the normal reversal 
vith phosphate, suggesting the phosphate interaction occurs in 
the active center region. 


Biochemistry 


EFFECTS OF THIOLATION QN THE ENZYMATIC ACTIVITY OF RIBONUCLE- 
ASE. F.H. White, Jr. , Natl. Insts. of Health, Bethesda, Md. 
To obtain more information on the relationship of mole- 
cular structure to enzymatic function in beef pancreatic ri- 
bonuclease (RNase), the thiolation of this enzyme (introduc- 
tion of suifhydryl groups into the protein by reaction of the 
amino groups with N-acetyl homocysteine thiolactone) has 
been studied with regard to effects on enzymatic activity. 
Earlier (J. Biol. Chem., 235:383, 1960) a slight transient 
rise in activity toward ribonucleic acid, followed by partial 
inactivation, was reported to result from thiolation of RNase 
in8Murea. Under similar conditions, but in the absence of 
urea, the activity increase is more prolonged and reaches a 
maximum of 130 to 140% of the specific activity of native 
RNase, with the introduction of 2 to 3 moles of N-acetyl homo- 
cysteine per mole of RNase (determined by spectrophotometric 
titration of the sulfhydryl groups with p-chloromercuribenzo- 
ate and by analysis of the acid hydrolysate of thiolated, car- 
boxymethylated RNase for S-carboxymethylhomocysteine). Under 
the same conditions, thiolation causes the activities toward 
uridine-2',3"-cyclic phosphate and cytidine-2',3'-cyclic 
phosphate to decrease to as low as 30% of the specific ac- 
tivity of native RNase, therefore producing a disparity in the 
specificities of this enzyme. 


Biochemistry 


PREPARATION AND PROPERTIES OF SOME DPN ANALOGUES. Colvin P, 
Fawcett.* Grad, “ept. of Biochem., Brandeis Univ., Waltham, 
Mass. 

Some new nicotinamide nucleotides have been prepared to 
investigate further the function of the adenosine moiety of 
DPN in the enzyme binding of this coenzyme. NMN was condensed 
with the 5' phosphates of 2' deoxy adenosine, uridine, and 
thymidine, using dicyclohexylcarbodiimide, Ion-exchange chro- 
matography and paper-electrophoresis were used to isolate and 
purify nicotinamide deoxyadenosine dinucleotide (I), nicotina- 
mide uridine dinucleotide (II), and nicotinamide thymidine 
dinucleotide (III). (I) has surprisingly little ability to 
teplace DPN as a coenzyme while (III) is inactive in the dehy- 
drogenase systems so far tested, In many systems the pyrimi- 
dine analogue (II) is an efficient coenzyme. After chemical 
reduction the fluorescence excitation spectrum of (I) is more 
Similar than that of (II) to the DPNH spectrum. Nicotinamide 
tiboside diphosphate ribose (IV) was isolated by paper chro- 
matography from a mild acid hydrolysate of DPN. Although (IV) 
has previously been shown to have no coenzymatic properties, 
kinetic experiments indicate that it is able to influence the 
tates of reduction of DPN in some enzyme systems. The differ- 
ent abilities of (I) and (II) to replace DPN is further 
evidence that even enzymes having the same function show 
different specificities at the active site. 





Biochemistry 


THE EFFECT OF UREA AND OTHER DENATURING AGENTS ON ALCOHOL DE- 
HYDROGENASE FROM HORSE LIVER AND YEAST. L. Brand,* Everse,* 
S. Bargmann,* and N. 0. Kaplan. Grad, Dept. of Biochemistry, 
Brandeis University, Waltham, Mass. 

The effect of urea and other agents on the ability of two 
alcohol dehydrogenases (ADH) to retain their structural integ- 
rity, to bind the pyridine nucleotide coenzymes and carry out 
catalysis has been investigated. Changes in protein structure 
were followed by variations in optical rotation and by modifi- 
cation of tryptophan fluorescence, Coenzyme binding was 
measured by shifts in fluorescence, polarization fluorescence 
and the Cotton effect. Liver ADH was denatured in a time and 
temperature dependent reaction by urea concentrations greater 
than 4M. In contrast the yeast enzyme was denatured between 
O-5M urea. The fluorescence and the rotation studies agreed, 
As ADH starts to unfold, its ability to bind DPNH is lost. 

At urea concentrations less than 4M, enhancement of fluores- 
cence of DPNH bound to liver ADH is observed. This could not 
be found with DPNH bound to yeast ADH or with 3-acetylpyri- 
dine-*DPNH bound to either ADH. Guanidine did not give this 
effect. Not being related to unfolding of the enzyme this 
enhancement may be associated with an interaction of urea at 
or near the binding site. Generally, the yeast enzyme is more 
sensitive to agents of the urea type or to detergents than is 
the liver ADH. 


Biochemistry 


PROPERTIES OF APOCARBOXYPEPTIDASE A. Thomas L. Coombs* and 
Jean-Pierre Felber*, Biophysics Res. Lab., Harvard Medical 
School and Peter Bent Brigham Hospital, Boston, Mass. 

The activity of carboxypeptidase A is a direct function of 
the reversible binding of its zinc atom to the single sul fhy- 
dryl group of apocarboxypeptidase. This circumstance provides 
a common mechanism for the functional effects of a number of 
chemically dissimilar agents. Alkylation, mercaptide forma- 
tion or oxidation of the sulfhydryl group prevent restoration 
of activity to the apoenzyme by Zn** ions. Substrates or 
their analogues block access of metal ions to the sulfhydryl 
group by binding to multiple sites on the apoenzyme. Con- 
versely, substrates also stabilize carboxypeptidase, the 
holoenzyme, by preventing the dissociation of the mercaptide. 
Once the holoenzyme is restored, zinc and activity can be lost 
through displacement by other divalent metal ions, which form 
inactive metallocarboxypeptidases. Chelating agents (1,10 
phenanthroline ,@,Q@'dipyridyl) or mercaptans (cysteine, mer- 
captoethanol, thioglycollate) compete successfully with the 
apoenzyme for the metal atom and, inhibit by removing the 
metal, The substrate apparently is oriented by attachment to 
reactive groups of the constituent amino acids of carboxypep- 
tidase and thus stabilizes the zinc mercaptide to exercise 
its catalytic function. 





Biochemistry 

KINETICS OF THREONINE DEHYDRASE ACTION. L. Davis.* Lowa 
State U., Ames. A Ge hy om 

Threonine dehydrase has been purified and its kinetic para- 
meters (Km, Vmax, Ki) studied as a function of pH. Threonine 
dehydrase shows activity towards L-threonine, L-serine and 
DL-(allo) threonine, The enzyme appears to be modified to a 
less efficient species in the presence of serine. Threonine 
dehydrase has maximal activity in the presence of potassium, 
sodium, or ammonium ions. The stability of the enzyme over 
the pH range of 5 to 9 permits a study of the variation of the 
Michaelis constant and the maximum velocity without enzyme 
inactivation. The maximum velocity at substrate saturation 
does not change; in contrast, the Michaelis constant is highly 
pH dependent with a minimum value in the pH range of 8.5 to 9. 
Carbonyl reagents (hydroxylamine, semicarbazide) competitively 
inhibit the enzyme. Glycine also acts as a competitive inhib- 
itor. The pH dependence of the Michaelis constant and of the 
inhibitor constant for glycine are consistent with a binding 
of the threonine anion to the enzyme in a form containing two 
protonated groups at the active site. 








Nutrition 


DEMONSTRATION OF THE LIVER ADH-DPNH COMPLEX BY ANOMALOUS 
ROTATORY DISPERSION. David D. Ulmer™, Ting-Kai Li*, and 
Bert L. Vallee, Biophysics Res. Lab., Dept. of Med., Harvard 
Med. School and Peter Bent Brigham Hospital, Boston, Mass. 

The demonstration of asymmetry about the zinc atom of 
yeast ADH has suggested a basis for the stereospecific trans- 
fer of hydrogen to DPN in the mechanism of action of this 
enzyme (Ulmer and Vallee, J. Biol. Chem., Feb. 1961). We 
have now shown that DPNH binds to an asymmetric center of 
liver ADH. In the presence of the coenzyme, the optical ro- 
tatory dispersion of LADH becomes anomalous: with increasing 
DPNH concentration a pronounced, single negative Cotton ef- 
fect appears, and Ao shifts from 340 to 327 mi. The ampli- 
tude of the Cotton effect is indicative of the stoichiometry 
and measures 2M DPNH per M LADH at saturation. Similarly, 
rotatory dispersion determines directly the stereospecificity 
of the binding of certain substrates, coenzyme analogues, and 
inhibitors. For example, when 1,10-phenanthroline (OP) in- 
hibits this enzyme by formation of the optically active 
LADH-Zn-OP complex, a Cotton effect appears at its Amax at 
297 mi. Increments in its amplitude are accompanied by cor- 
responding decrements in that of the LADH-DPNH chromophore -- 
@ spectropolarimetric demonstration of the competition be- 
tween DPNH and OP in binding stereospecifically to the active 
enzymatic site of LADH. 
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Physiology 
ACTIVATION OF PANCREATIC LIPASE BY BILE DERIVATIVES. I. 
Melcer* ani E. A. Lazo-Wasem. The Wilson Laboratories, 
Chicago, Ill. 

The activation of pancreatic lipase by various bile deriva- 
tives was studied. Fat-splitting activity was measured by the 
volume of alcoholic hydroxide required to neutralize the ben- 
zene extracted fatty acids formed from the action of lipase on 
an olive oil emulsion being agitated at 37°C. for 30 mimtes. 
The digestion mixture contained a pH 7.8 phosphate buffer 
wherein the bile derivative was incorporated. Ox bile was 
found more effective than pork bile, and the former was mch 
more effective than polysorbate emulsifiers. Addition of ox 
bile showed 2.5 times activation even when using a stable, 
homogenized fat emlsion, indicating the effect was not solely 
one of emlsification. Sodium desoxycholate, which, on a 
weight basis, proved to be the most effective of the commer- 
cially available bile derivatives tested, produced as much as 
a sixfold activation of lipase activity compared to results 
without bile. 


Physiology 


INDUCED ENZYME SYNTHESIS IN CELL CULTURES OF EMBRYONIC 

R. PIPIENS. A.B. Kostellow*. Dept. of Physiology, 
Albert Einstein College of Medicine of Yeshiva University, 
New York, N.Y. 

Previous studies have demonstrated that the liver enzyme, 
tryptophan pyrrolase, can be induced by its substrate, 
tryptophan, in cell cultures derived from the R. pipiens 
embryo. Cells obtained from the dissociation of whole embryos 
can be separated with respect to their germ layers of origin 
by density gradient centrifugation. It has been found that 
the enzyme can be synthesized by cells from each layer during 
the blastula stage. As gastrulation proceeds, the cells' 
ability to respond to induction becomes progressively re- 
stricted to the lightest of the endoderm cells. If, however, 
cells from the other layers have been induced while in the 
blastula stage, they will continue to synthesize the enzyme 
until the embryonic yolk is exhausted. Maintenance of the 
cells beyond this stage requires a change to a more complex 
medium capable of sustaining the adult cell. Cultures which 
have been continued in this manner have continued to synthe- 
size tryptophan pyrrolase for a period of several weeks. 
There is evidence that these induced cultures may be limited 
in their ability to synthesize other enzymes inducible in 
the controls. (Supported by a National Institutes of Health 
grant RG-4715.) 
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Physiology 
MODIFICATION OF ERYTHROCYTE CARBONIC ANHYDRASE ACTIVIry, 
Samuel Korman* and Marianne Kara.* Montefiore Hospital, Ney 
York. 

The enzyme, carbonic anhydrase, is essential for the cata]. 
ysis of the hydration of C02 to HoCOz. This acceleration 
renders the bicarbonate-carbonic acid system to be an effect. 
ive intracellular buffer. Carbonic anhydrase is found primar. 
ily in mammalian erythrocytes, gastric mucosa and renal tuby. 
lar epithelium where it is involved in pulmonary C02 exchange, 
HCl secretion and Na* reabsorption, respectively. An under. 
standing of the factors influencing the activity of carbonie 
anhydrase is therefore desirable. Various ions as Ca’*, g% 
Mg’*, as well as digoxin, diamox and cortisone were added to 
heperinized human blood and incubated at 37°C. for 20 minutes, 
in vitro. The erythrocytes were then separated from the plas 
ma and washed with saline. The carbonic anhydrase activity of 
the hemolyzed erythrocytes was determined. O(a J K* and dig. 
oxin increased the carbonic anhydrase activity whereas diam 
decreased it. When these substances were incubated with the 
hemolyzed erythrocytes rather than with the intact cells, ther 
only Cat* increased the carbonic anhydrase activity and dianor 
induced an even greater inhibition. The effect of the in vin 
administration of these substances, their interaction and 
their effect on the carbonic anhydrase activity of the eryth. 
rocyte was studied. (Supported by a grant from the U.S. Pub- 
lic Health Service. ) 


Biochemistry 


SUBSTRATE INDUCED ENZYME INACTIVATION AT PHYSIOLOGICAL 
CONDITIONS, D, Tucker* and S, Grisolia, Univ, Kans, Med, 
Cent,, Kansas City, Kansas, 

The fairly common substrate and cofactor induced instabil- 
ity of enzymes "in vitro" probably reflects reagent induced 
conformational changes, In view of the marked dependence on 
concentration and particularly on combination of components, 
we proposed that this phenomenon might play an important role 
in biology (Fed, Proc, 19, 45, 1960), It was therefore of 
primary interest to find out whether it occurs under physio- 
logical conditions, This has been demonstrated, For example, 
with muscle triosephosphate dehydrogenase and DPNH at physio. 
logical concentrations, pH and temperature, the inactivation 
follows monomolecular kinetics (half life aneuesens from 2 hr, 
with 5 x 107-4 M DPNH to 10 hr with 2,5 x 1074 M DPN-DPNH; 
half-life markedly decreases at lower enzyme concentrations 
and DPN protection is diminished), About 6 moles of DPNH-X 
are formed per mole of inactivated enzyme, No changes were 
noted in ultracentrifuge and rotatory power measurements, 
Reversibility of inactivation could not be demonstrated, It 
is suggested that substrate induced enzyme denaturation is 
due to plasticity following reagent interaction and that it 
may control or be related to enzyme protein turnover and cell 
life span, particularly since some enzymes are less stable to 
urea and trypsin in the presence of pyridine nucleotides, 





Biochemistry 


CARBON SOURCE REPRESSION OF 4 -GALACTOSIDASE IN E. 
COLI. Donald DP. Brown* and Jacques Monod*. Inst. 
Pasteur, Paris, France. 

Induction of 6 -galactosidase (z) in E. coli is 
thought to occur by inactivation of a specific cyte 
plasmic repressor (i) acting at a genic "operator 
site" (o) which controls both the synthesis of (2) 
and the galactoside permease. The relationship of 
(1) and the "glucose effect" has been studied in E. 
coli grown on glycerol, glucose or starved of their 
carbon source. The glucose inhibition is the sam 
in logarithmically growing cultures from a variety 
of lac mutants with different degrees of constitutl- 
vity. In carbon starved cells an increment of in- 
ducer can augment the synthesis of (z) to 500-fold 
over the control. Chemostat studies showed that 
starvation had little effect on inducible strains 
in the absence of inducer (50% increase to about 6 
p/mg dry wt.). With inducer a series of progressivé 
starvation curves were obtained which could not 
exceed a maximal value of about 8000 u/mg. Constitu 
tive (o) mutants with or without inducer starved t@ 
8000 p/mg. Constitutive (1) mutants starve to syn- 
thetic abilities greater than 20,000 u/mg. (Aided 
by a National Cancer Institute Special Fellowship.) 
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Biochemistry 


TYROSINASE AND MELANOGENESIS IN GOLDFISH. Ki- 
ign Kim, * T. T. Tchen, Walter Chavin, * and Funan Hu. * 
fepartmenta of Chemistry and Biology, Wayne State Univer- 
sity and the Department of Dermatology, Henry Ford Hospi- 
tal, Detroit, Michigan. 

Asensitive method, based on the incorporation of radio- 
active tyrosine into macromolecules, has been developed and 
applied to studies on the tyrosinase content of the skin of 
goldfish. The completely xanthic goldfish, when stressed 
py the addition of salt to the medium, turns black within a 
week. It has been shown that this melanogenesis is preceed- 
ed by an increase in tyrosinase activity. After the fish have 
adapted themselves to the environment, the tyrosinase acti- 
vity returns to the normal level. Melanogenesis can also be 
induced in vitro by the addition of ACTH to tissue culture of 
goldfish tail. Preliminary experiments suggest that this 
process is inhibited by colchicine and by analogs of amino 
acid, purines and pyrimidines. 





Biochemistry 


RELATIONSHIPS BETWEEN INHIBITOR, ACTIVATOR, AND SUBSTRATE OF 
RAT LIVER TRYPTOPHAN PYRROLASE. Olga Greengard* Dept. of 
Biochemistry, College of Physicians and Surgeons, Columbia 
University, New York. 

Quantitative studies on the activator requirement of liver 
cell sap tryptophan pyrrolase indicate the presence of an 
endogenous inhibitor of the enzyme. The inhibitor appears to 
be a protein since it is non-dialyzable and can be precipi- 
tated by ammonium sulfate concentrations above 45% saturation. 
Its mechanism of action may be similar to that of globin, 
which had previously been shown to inhibit cell sap tryptophan 
pyrrolase and to diminish, in vitro, the stimulation of the 
activity of the enzyme by endogenous activator or added iron- 
protoporphyrin (Feigelson and Greengard, J. Biol. Chem. 1961, 
Jan.). Incubation of the inhibitor with enzyme and activator 
in the absence of tryptophan enhances the degree of inhibition 
whereas the presence of tryptophan minimizes it. Tryptophan, 
however, does not reverse any inhibition which had occurred. 
The relevance of this interaction between substrate, 
activator, and inhibitor on the phenomenon of substrate induc- 
tion of rat liver tryptophan pyrrolase will be discussed. 
Homogenates from organs which do not have any demonstrable 
tryptophan pyrrolase activity, such as brain or kidney, con- 
tain high concentration of an inhibitor of the enzyme. 


Biochemistry 


QOMPARISON OF THE MECHANISMS OF SUBSTRATE AND HORMONAL 
INDUCTION OF RAT LIVER TRYPTOPHAN PYRROLASE. P. Feigelson. 
depts. of Biochemistry and Medicine, College of piyatetane and 
Surgeons, Columbia University, New York. 

Liver tryptophan pyrrolase is a soluble heme-protein; in 
formal rat liver cell sap, two-thirds of the enzyme was found 
tobe catalytically inactive and is activatable by the addi- 
tion of hematin or microsomes (Feigelson and Greengard, 

J, Biol. Chem. 1961, Jan.). By measuring the level of both the 
tdogenous and the total obtainable activities in the course 
of induction by tryptophan or cortisone, it has been found 
that changes in the levels of apoenzyme and activator are dis- 
poportionate and characteristic for the inducing agent. After 
the administration of tryptophan, the requirement for added 
wtivator decreases rapidly, and this process of saturation 
precedes and may initiate accelerated synthesis of the apo- 
zyme. The administration of cortisone, in contrast to that 
of tryptophan, is not accompanied by an increase in the level 
activator but leads to a slight increase in active enzyme 
rith the concomitant accumulation of large amounts of inactive 
zyme. The results emphasize the necessity for using a 
Suitably supplemented assay system when attempting to measure 
es in total tryptophan pyrrolase enzyme-protein levels, 
thile assay in the absence of added activator contributes to 
understanding of the mechanisms involved. 








Biochemistry 


A METHOD FOR DETERMINATION OF THE PARTITION OF ADENINE-ClL 
NUCLEOTIDES IN COMPLEX REACTION SYSTEMS, R. W. Von Korff, 
Depts. of Physiological Chemistry and Pediatrics, Univ. of 
Minnesota, Minneapolis, 

A procedure employing paper electrophoresis followed by use 
of a recording scanner has been developed to quantitate ATP, 
ADP, and AMP in a sample contsining 0.05 pmoles adenine-Clh nu- 
cleotide (1 pc/pmole), Electrophoresis is conducted with acit- 
rate buffer, pH 5.2, M/15 (Schaefer, 1959) at 4° and 450V for 
5 hours in a "sandwich" type cell, It is advantageous to in- 
fuse heptane between the glass plates and to add suitable dyes 
to the sample to ensure uniform sample application and to ob- 
serve migration rates, Because of the separations effected by 
tne electrophoresis, salts and carbohydrates in the amounts 
usually employed do not interfere, At a scanning rate of 6"/nr, 
a complete assay on |, samples can be obtained in 15 hours, The 
number of operations is minimal, The percent of activity pre- 
sent in each nucleotide is determined from the weight of paper 
under each peak, The concentrationof each nucleotide can then 
be calculated from the total nucleotide concentration, The ab- 
solute amount of sample is not critical and moderate losses,if 
uniformly distributed between the nucleotides, do not alterthe 
results, Application of the procedure to sequential changesin 
single reactions and in enzyme systems, coupled through the 
adenine nucleotides, will be presented, 


Biochemistry 


ESTROGEN DEPENDENT NICOTINAMIDE-ADENINE DINUCLEOTIDE TRANSHY- 
DROGENASE. D.D. Hagerman, C.A.Villee, and F.M, Wellington.* 
Dept. Biol. Chem., Harvard Med. School, Boston, Mass. 

A combination of procedures which includes fractional ammo- 
nium sulfate precipitation, heat denaturation, and adsorption 
onto and elution from calcium phosphate gel gives a 150- to 
200-fold purification of the human term placenta soluble estro- 
gen-dependent transhydrogenase, which has already been shown 
to be an entity distinct from the placental estradiol dehydro- 
genases. Filter paper curtain continuous flow electrophoresis 
gives a further two- to three-fold purification, and the over- 
all yield of enzyme activity is about 10% of that of the origi- 
nal tissue extract. The apparent Michaelis constants of the 
purified enzyme from a typical preparation were 2.8 x 10-4 M 
for NAD (DPN) at optimal NADPH (TPNH) concentration and 3.3 x 
10°5 M for NADPH at saturation with NAD. Estrone is added to 
stabilize the enzyme during the purification procedure, and 
this steroid can be removed from the purified enzyme by pro- 
longed dialysis. The enzymatic activity of the resulting 
product is dependent upon the concentration of estrogen in the 
coupled assay system, demonstrating the estrogen-dependent 
nature of the purified enzyme. The most highly purified prepa- 
rations obtained thus far appear to contain a tightly-bound 
flavin coenzyme, possibly FMN. Thus the placenta transhydro- 
genase has several similarities to the spinach transhydrogenase. 





Biochemistry 


THE TURNOVER OF B-GALACTOSIDASE. Barbara E. Wright 
and G. McNeill*. Natl. Inst. of Health, Bethesda, Md. 
The purpose of this investigation was to compare 
the rate of synthesis and degradation of B-galacto- 
sidase under conditions in which different amounts 
of enzyme are induced. E. coli ML30 is optimally in- 
duced at a concentration of 10-3 M melibiose or 
galactose; in the latter case, the specific enzyme 
activity of the cell extract is 1/39 that of meli- 
biose-induced cells. During logarithmic growth in 
a lactate-minimal medium, (gen. time 2.5 hrs at 
23°C) a fully induced culture was exposed to tri- 
tiated leucine (3000 mc/mM) for 30 seconds. The 
enzyme was purified (2-fold higher than previously 
reported) and its specific radioactivity compared 
to that of the original extract and other fractions 
obtained during purification. Melibiose-induced 
enzyge was one half and galactose-induced enzyme 
twice the specific radioactivity of the average 
cellular protein. These results suggest that 
B-galactosidase, when melibiose-induced, is more 
stable than the average cellular proteins, and that 
alterations in its turnover may be involved in the 
mechanism of its induction. 








Biochemistry 


PRODUCTION OF SINGLE CARBONS FROM GLYCINE. Elaine B. Newman*™ 
and Boris Magasanik. Dept. of Bacteriology, Harvard Medical 
School, Boston, Mass. 

A mtant of E. coli strain K-12 requires serine, glycine, 
or formate. Cells pregrown on serine and a purine base show 
a lag of about 4 hours upon transfer to a glycine medium; they 
grow without lag slowly on formate and rapidly on formate and 
glycine. A similar lag is observed when cells grown on serine 
and formate are transferred to a glycine medium. Cells pre- 
grown on serine alone, or on serine with a purine base and 
glycine, grow on glycine without lag. It can be calculated 
that cells cultivated on serine and a purine base have a rich 
pool of single carbons; these appear to repress the formation 
of an enzyme system required for the production of single 
carbons from glycine. This concept is supported py experi- 
ments measuring the incorporation of glycine-2-cl into ser‘ne 
and purines. Furthermore, in accordance with the known inhi- 
bition by glycine of the conversion of serine to glycine, 
cells growing on serine and glycine derive the single carbons 
for purine biosynthesis from glycine. 


Biochemistry 


ENZYMATIC STEPS IN TRYPTOPHAN PYROLLASE ACTIVATION. 
H. C. Pitot* and Y. S. Cho*. McArdle Memorial Laboratory, 
Univ. of Wisconsin, Madison, Wis. 

Previous studies (Simkin, J. L. Biochem. J., 70:305, 
1958) have Indicated, an energy-dependent enzymatic requirement 
in the release of C - labeled protein from microsomes into 
the soluble form. Similar studies were made with tryptophan 
pyrrolase using rat liver microsomes and the fraction of 
soluble supernatant from rat liver not precipitated at pH 5.2. 
With this system, the appearance of tryptophan pyrol lase 
activity was found to depend on the presence of ATP, 3-phos- 
phoglyceric acid, Mn , and tryptophan. Ribonuclease (107) 
had no effect on the system but PCMB 10 ~M or heating of 
either fraction inhibited the activity 80-100%. Fractionation 
of the whole liver supernatant by precipitation at pH 5.6 gave 
@ precipitate possessing some tryptophan pyrollase activity, 
but which was markedly stimulated by the addition of hemin 
(2.5X10 “y) and a fraction of the liver supernatant precipi- 
tated between pH 5.2 and 5.6. ‘Heating of the pH 5.2-5.6 
fraction at 100° destroyed its stimulatory ability, but 
neither PCMB nor the absence of an ATP-generating system af- 
fected this stimulation. Thus, the activation of tryptophan 
pyrollase occurs in two steps: the first is an energy- 
requiring release from a particle-bound form; the second is 
the enzymatic combination of the apoenzyme with hemin. 





Biochemistry 


EFFECT OF STEROIDS ON GLUCOSE OXIDATION AND TPNH GENERATION BY 
ADRENAL HOMOGENATES. Ethel A. Tsutsui*, Paul Reich* and Paul 
A. Marks. Columbia Univ., Col. of Phys. & Surgs., New York. 

Dehydroisoandrosterone(DIA) and related steroids specifi- 
cally inhibit glucose-6-phosphate dehydrogenase(G6PD) activity 
of mamm2iian tissues (Marks and Banks, Proc.Natl.Acad.Sci., 
46:447, 1960). DIA (1x1074M) has now been found to inhibit by 
25% the rate of C1402 formation by rat adrenal homogenates 
incubated with excess TPN, ATP and glucose-1-cl - When the 
rate of cl4o5 formation is increased by adding hexokinase or 
substituting glucose-6-phosphate-1-Cl4 (G6P-1-cl4) for glu- 
cose-1-Cl4 and ATP, the inhibitory effect of DIA is 75%. DIA 
inhibition of G6P oxidation is reversed by adding yeast G6PD. 
On the other hand, the rate of oxidation of G6P-1-Cl4 by homo- 
genates incubated with rate-limiting concentrations of TPN is 
stimulated 2-fold by DIA. In the latter studies TPNH accumu- 
lation measured spectrophotometrically is inhibited 40% by 
DIA. Thus when TPN is not rate-limiting, DIA has a net effect 
of decreasing the rate of glucose or G6P oxidation by homo- 
genates by inhibiting G6PD activity. When TPN is rate-limit- 
ing, DIA or its metabolic products stimulate this oxidation, 
presumably by enhancing the rate of reoxidation of TPNH. DIA, 
by inhibiting G6PD or enhancing TPNH reoxidation, could con- 
tribute in regulating glucose oxidation and TPNH generation 
and, in turn, reductive synthetic reactions. 
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Biochemistry 
FACTORS AFFECTING INDUCTION OF GLUCOSE-6-PHOSPHATE DEHYDROGEN. 
ASE. Tetsuo Ono* and Van R. Potter. McArdle Memorial Lab 
U.Wisconsin, Madison, Wisconsin. 

Remarkable Increases in glucose-6-phosphate dehydrogenase 
of rat liver in animals fed a high carbohydrate diet occur jn 
animals that are fasted 48 hours prior to the administration 
of the diet, confirming work by Tepperman and Tepperman. With 
optimum protein/carbohydrate ratio the increase reaches 20- 
fold within 48 hours after refeeding 30% casein, and nearlyas 
great with casein at 20 to 60%. Both protein and carbohydrate 
are required, since 2% protein or 0% carbohydrate give no in- 
crease. Since the adaptive response did not occur in a rat 
hepatoma(Morris 5123)more information was sought regarding the 
factors that are necessary for the response. Adrenalectomized 
rats failed to show the response, and thus far have failed to 
respond when cortisone-injected. Attempts to distinguish be- 
tween formation of enzyme-forming system, function of enzyme- 
forming system, and activation of preformed enzyme were 
carried out. Whole body X-ray irradiation with 375 or 750 
roentgens or injections with puromycin (50,100, or 150 mg/kg) 
prior to refeeding gave delayed response curves that were pro- 
portional to dosage. All livers were also assayed for thymine 
reductase, which Is apparently not synthesized during the re- 
feeding period in either the control or experimental groups. 
Neither X-ray nor puromycin affected preexisting enzyme. 





Biochemistry 
THYROID HORMONES AND a-GLYCEROPHOSPHATE OXIDATION. Ya.Pin 


Lee* and H A. Lardy. Inst. for Enzyme Research, Univ, 
of Wis., Madison = 


Thyroid hormone enhances the ability of rats’ liver ani 
kidney mitochondria to oxidize a-glycerophosphate far mor 
than other substrates (J. Biol. Chem. 234, 3051, 1959). This 
enhancement appears to involve synthesis of new active protein 
for it is prevented by feeding ethionine. Direct assay for 
a-glycerophosphate dehydrogenase with phenazine methosulfate 
and tetrazolium established a correlation between changes in 
oxygen consumption and changes in the cytochrome-linked de 
hydrogenase activity when thyroid hormone status was varied, 
Hypophysectomy or thyroidectomy resulted in a decrease of 
this dehydrogenase to about 10%, of the original activity 
within 2 weeks in liver, kidney, and heart mitochondria. 
Growth hormone or hydrocortisone had no effect on the amount 
of this enzyme in the operated rats, but a single injectia 
of thyroxine was followed, within 12 hours, by an increase 
which progressed to a maximum within one week. Feeding norml 
rats thyroid substance enhances the concentration of this 
enzyme 10 to 20 fold in liver and kidney; less in heart, 
uterus, skeletal muscle, diaphragm, and adipose tissue and not 
at all in brain, lung, spleen, testis, and ovary. The latter 
group of organs do not increase their oxygen consumption 
following the administration of thyroid hormones. 


Biochemistry 


SEPARATION OF FEEDBACK INHIBITION FROM ACTIVITY OF 
ASPARTATE TRANSCARBAMYLASE (ATCase). John C. Gerhart* and 
Arthur B. Pardee. Biochem. Dept. and Virus Lab., Univ. of 
Calif., Berkeley, Calif. 

ATCase catalyzes the first reaction in the biosynthesis 
of pyrimidines by E. coli. Its activity is controlled by 
feedback inhibition (J. Biol. Chem., 221, 757 (1956)). 
5'Cytidylic acid (5'CMP) acts as a feedback inhibitor of the 
purified enzyme. It competes with aspartate, one of the 
substrates, and so binds at or near the active site. ‘the 
enzyme is stimlated 50% by 10-4 M p-hydroxymercuribenzoate 
(PHMB), but it then can no longer be inhibited by 5'CMP. 
PHMB mst affect a region required for binding 5'CMP so that 
the latter cannot combine with ATCase and overlap the active 
site. Storing ATCase in 0.1 M KCl also destroys the feed- 
back inhibition. 5'CMP is structurally so different from 
aspartate that it is hard to imagine how both could be bound 
at the same site. Perhaps an inhibition site was developed 
apart from the active site in the evolution of this feedback 
control. 
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i71 ENZYMES 


Biochemistry 


CONTROL OF TRYPTOPHAN BIOSYNTHESIS IN ESCHERICHIA COLI. 
yartin Freundlich and Herman C. Lichstein. Univ. of Minnesota, 
lis : 

sac of tryptophan biosynthesis in E. coli has been 
inspected by studying the tryptophanase and tryptophan synthe- 
tase systems. Tryptophanase requires an inducer (normally 
tryptophan ) and is repressed by glucose, whereas synthetase is 
stimulated by glucose and repressed by tryptophan. Both 
gnaymes were produced during the exponential period of growth. 
During this time glucose increased the rate of protein synthe- 
sis and growth. Other factors, such as rate of aeration and 
addition of organic nitrogen, which stimulated growth, pro- 
duced cells with increased synthetase and diminished trypto- 

e activity. Numerous carbohydrates and their degrada- 
tive products uniformly suppressed tryptophanase and stimu- 
lated synthetase. Conversely, compounds that served to induce 
tryptophanase generally repressed synthetase. Two derivatives 
of tryptophan were found to be potent SEMA ore of synthetase. 
Growth and synthetase were inhibited by 1X10~? M 5-hydroxy 
tryptophan. Growth inhibition was overcome by small amounts 
of L-tryptophan or indole. Synthetase activity of intact 
cells and cell extracts was inhibited by tryptamine, and this 
inhibition was not alleviated by high levels of indole. The 
possible physiological role of these compounds in the control 
of tryptophan biosynthesis will be presented. 








Biochemistry 


THE MECHANISM OF FEEDBACK INHIBITION IN HISTIDINE BIOSYNTHESIS. 
Robert G. Martin*, Bruce N. Ames and Barbara J. Garry*. Natl. 
Inst. of Arthritis and Metabolic Diseases, Natl. Insts. of 
fealth, U.S. Public Health Service, Bethesda, Maryland. 
Evidence will be presented which indicates that the first 
step in the biosynthesis of histidine in S. typhimurium is: 
PREP + ATP = PP + N-1-(5'-phosphoribosyl)-ATP. When various 
mtant strains of S. typhimurium are grown under conditions of 
histidine starvation [Proc. Natl. Acad. Sci., 45, 1453 (1959)] 
the enzyme which carries out this reaction, phosphoribosyl-ATP 
pyrophosphorylase, is present at a level about 30 times that 
obtained when wild-type cells are grown on minimal media. The 
enzyme obtained under these conditions has been considerably 
parities. This pyrophosphorylase ogtyns is inhibited 50% by 
3X 10°? M histidine while even 10°” M histidine has no effect 
upon the action of the four subsequent histidine biosynthetic 
enzymes that have been studied. Thus, histidine, the end 
product of a biosynthetic pathway specifically inhibits the 
first enzyme of that pathway. This general phenomenon has 
been called "feedback inhibition" [J. Biol. Chem., 233, 415 
(1958)]. The kinetics of this inhibition will be discussed 
and a mechanism of action proposed. 


Biochemistry 


REPRESSION OF GLUTAMINASE I IN THE RAT RETINA BY ADMINISTRATION 
OF SODIUM-L-GLUTAMATE. Jerome K. Freedman* and Albert M.Potts. 
University of Chicago, Chicago, e 

It is known that administration of high doses of Na-l-glu- 
tamate to newborn mice causes loss of the inner retinal layers 
and disappearance of the b-wave of the electroretinogram. It 
Ws postulated by one of us that this effect might be explained 
& repression of enzyme. formation by a normal metabolite. We 
have found an identical effect in newborn rats and have studied 
the concentration of a number of glutamate metabolizing enzymes 
in pooled retinal homogenates of treated and untreated animals. 

I was found to be reduced to neglibible levels in 

treated animals as compared to normal controls. Glutaminase IJ, 
Glutamosynthetase, and Transferase were unaffected. (Supported 
y Grant B-2523 from USPHS National Institute of Neurological 
Diseases and Blindness.) 
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Biochemistry 
RELATION OF PYRIDOXINE TO THE BASAL AND ADAPTIVE LEVELS OF 
TYROSINE-G-KETOGLUTARATE TRANSAMINASE (TKT) IN RAT LIVER. 


F, Rosen, Re Je Milholland* and D. Solomon*. Roswell Park 
Memorial Institute, Buffalo, N. Y. 

Endogenous TKT activity in the liver of normal or Bg- 
deficient (Bé-def.) rats is 50 - 75% of that measured when 
Bé.PO, is added to the assay system; basal values for 
aspartate- or alanine-d-ketoglutarate transaminase are not 
changed by addition of cofactor. While Bg depletion for 2 
to 10 weeks decreased the TKT activity in liver to 50% of the 
basal value, the apoenzyme level was unaffected. Treatment 
of Bg-def. rats (4 to 8 weeks) with a single I.P. injection 
of cortisol (50 mg/Kg) resulted in a 6-fold rise in hepatic 
TKT activity, measured in a system lacking added cofactor. 
Similar results were obtained when food was withheld from 
Bo-def. rats for,48 hours. The activity of TKT only doubled 
in liver of Bg-def. animals treated with 600 of tyro- 
sine. In contrast, cortisol treatment produced only a 50% 
rise in the level of alanine transaminase in liver of animals 
depleted of Bg for 6 weeks, compared to a 6-fold increase in 
activity of this enzyme observed when pyridoxal was given 
with cortisol. The fact that cortisol and fasting can stim- 
late marked increases in hepatic TKT activity in Bg-def, rats, 
assayed in a system lacking added Bo PObs suggests that the 
induced enz may differ from normal TRT with respect, to its 
cofactor requirement. 


Biochemistry 


DIETARY CONTROL OF KIDNEY TRANSAMIDINASE. John F. Van Pilsum. 
Univ. of Minnesota Med. Sch., Minneapolis 14, Minn. 

Transamidinase activities, in vitro, of kidneys from rats 
fed a complete diet are higher than those from rats fed the 
same diet supplemented with creatine (Walker, J. Biol. Chem. 
235, 2357, 1960 and Fitch, et.al., ibid., p.2362). Since 
transamidination is the first step in creatine synthesis both 
authors reported this alteration of activity to be an example 
of the control of enzyme synthesis, in vivo, by the levels of 
the products of the enzymic reactions. A possible mechanism 
for the creatine induced depression of transamidinase levels 
might be the masking by creatine of the site at which an amino 
acid becomes incorporated into the transamidinase molecule. 
Attempts were made to prevent the transamidinase depression 
by incorporating into the creatine containing diets various 
amino acids that have structural similarities to creatine. 
Arginine, methionine, and histidine were without effect. 
Glycine, however, did reverse, in degrees depending on the 
amounts of glycine added, the effect of the creatine on the 
transamidinase. It is believed, therefore, that creatine 
competes with glycine for attachment on the site of synthesis 
of transamidinase. 


Biochemistry 


HORMONAL EFFECTS ON MITOCHONDRIA FROM RAT VENTRAL PROSTATE. 
Jean C, Edelman* and Herbert Brendler*. New York University 
Med. Sch. New York, N.Y. 

Various mitochondrial enzymes (Succinoxidase, cytochrome 
oxidase, fumarase, aconitase, malic dehydregenase) have been 
shown to decrease in rat ventral prostate after androgen de- 
pletion, i.e. castration. Evidence will be presented that 
these effects are not primary or direct effects of hormonal 
depletion on enzymes in a target organ but rather are second- 
ary to a decrease in the number of mitochondria per cell. 
Direct counting techniques as well as enzymatic methods were 
used to evaluate the number of mitochondria. The number of 
cells was estimated by DNA determination. Crude homogenates 
of ventral prostate from castrate rats showed sa decreased 
activity in enzymes such as succinoxidase on a protein basis 
or a DNA basis when compared to similar homogenates from in- 
tact rats. However, washed mitochondria isolated from these 
homogenates showed similar enzyme activities. These results 
are interpreted to mean a decrease in the number of mito- 
chondria per cell after androgen depletion, rather than a de- 
crease of enzyme per mitochondrion. This interpretation is 
supported by direct counting of mitochondria. (Supported 
by NIH Grant # A-3567) 











Biochemistry 
ADAPTIVE CHARACTERISTICS OF UREA CYCLE ENZYMES IN THE RAT. 
Robert T. Schimke.* Natl. Insts. of Health, Bethesda, Mi. 
Assays of carbamyl phosphate synthetase, ornithine trans- 
carbamylase (I), arginine synthetase, argininosuccinate 
cleavage enzyme, and arginase (II) were performed on livers of 
rats growing at similar rates on diets varying in protein con- 
tent from 15 to 60%. Total enzyme contents were all found to 
vary directly with dietary intake of protein. Following 
to a high protein diet, there is a rise of all enzyme 
activities within the first 48 hrs., with complete adaptation 
within 8 days. Change from a high to a low protein diet 
results in slow decrease of enzyme concentrations without 
change in total enzyme contents. Four enzymes not related to 
nitrogen metabolism showed no similar pattern of changes. 
Characterization of enzyme activities from high and low 
protein groups revealed no differences in pH optima, Km values, 
or intracellular distribution. Sucrose gradient analyses of 
purified I and II from the two groups establishes the simi- 
larities of molecular weights and turn-over numbers. Arginine 
and ornithine do not stabilize I and II during isolation. It 
is therefore concluded that differences in enzyme activities 
are associated with differences in the content of specific 
enzyme protein, and that such change most likely occurs by 
net synthesis, rather than by stabilization of pre-existing 
enzyme protein. 


Biochemistry 


EVIDENCE FOR THE NON-EQUILIBRATION OF TRIOSE-PHOSPHATES IN 
THE SYNTHESIS OF LIVER GLYOOGEN. I. A, Rose, R. Kellermeyer, 
R. Stjernholm, and H. G. Wood. Departments of Biochemistry, 
Yale University and Western Reserve University. 

When glycerol-Cl is given to a fasted rat about 30-L0% 
more isotope is found in C-123 compared to C-l;56 of the 
glucose units of liver glycogen. Although triose-P isomerase 
is considered a very active enzyme, its failure to equilibrate 
dihydroxyacetone-P derived from glycerol with glyceraldehyde-P 
from endogenous sources may explain this finding. Deuterated 
dihydroxyacetone-P reacts half as fast as normal substrate in 
the isomerase reaction. If isomerase is responsible for the 
asymmetric labeling with normal glycerol-C+4, greater asymme- 
try should be found with glycerol-Clh containing D in proper 
position, Glycerol-1D,2C1h and -1D,3C1L as well as the cor=- 

ng non-deuterated forms were prepared enzymatically, 
The deuterated glycerols introduced greater than 70% more 
setioostiriiy into C-123 than 0-56. When glycerol-1D,2clh 
plus -1H,3C14 were given together the ratio C-2/C-5 was 
greater than C-1/C-6. When glycerol-1D,3Clh plus -1H,2clh 
were given, the ratio C-1/C-6 was greater than C=2/C-5, 
These results are consistent with the conclusion that the 
failure of triose-P isomerase to equilibrate the isotope 
between the triose-P pools is responsible for asymmetric 
labeling of liver glycogen from glycerol, 


Biochemistry 


EFFECTS OF GLUCOSE ON GLYCOGEN METABOLISM IN HELA CELLS. 
J. B. Alpers* and Ray Wu. Public Health Res. Inst. N.Y.C. 





HeLa cells store glycogen according to the level of 
glucose in the growth medium, Supplementing the medium at 
mid-week with 4.5 mM glucose produces cells with up to 
100 wmoles (glucose equivalents) of glycogen per 100 mg. cell 
protein. Cells grown in a medium supplemented at mid-week with 
1.8 mM glucose store only 1/20 as much glycogen. Homogenates 
of the cells with high glycogen show phosphorylase activity 
up to ten times higher than the low glycogen cells, and 
glycogen synthetase activity up to three times higher. The 
response of intracellular UDPG roughly parallels that of 
glycogen. When cells with elevated levels of glycogen and 
enzymes of the glycogen path are transferred to a medium 
devoid of glucose, phosphorylase activity and glycogen rapidly 
decline. When cells with low levels of glycogen and enzymes of 
the glycogen path are transferred to a growth or salt medium 
with high glucose, rapid increase of glycogen content and 
activities of phosphorylase and glycogen synthetase is 
observed. These enzyme changes are largely independent of an 
added nitrogen source. The possibilities of enzyme induction 
versus enzyme stabilization by substrates will be discussed. 





Biochemistry 

REGULATION OF HEPATIC FATTY ACID OXIDATION., Joseph A. Ontko*, 
Div. of Chemistry, Univ. of Tenn. Medical Units, j ENZ 
Factors controlling the oxidation of fatty acids in rat (a 


liver preparations have been investigated. Male, 2-month-old peu 
Wistar albino rats fed ad libitum were used. In 10% rat live 
homogenates incubated at 37°C in Krebs-Ringer phosphate 
ketogenesis from endogenous fatty acids was relatively rapid 
for 30-45 minutes after which the formation of ketone bodies § 22 
almost ceased. In liver slices incubated in Krebs-Ringer 00g 
phosphate buffer, ketogenesis was one-third to one-fourth ag io 
fast as ketogenesis by an equivalent amount of liver 
Under these experimental conditions, a 10- fold dilution of - 
the tissue resulted in a 3- to 4- fold increase in the initia] os 
rate of conversion of fatty acids to ketone bodies. After 1% @ 
minutes of incubation, liver slices produced approximately 
the same quantity of ketone bodies as the homogenate. Cel. 
lular organization therefore appears to be an important 
factor in regulating the rate of fatty acid oxidation. In 
this case the activity of an enzyme system in intact cells 
appears to be less than the activity in disrupted cells. 
Glycogen levels were measured in these experiments concomi- 
tantly with ketone bodies. The glycogen concentration 
decreased rather uniformly during the incubation period but 
no correlation between glycogen level and the rate of 
ketogenesis was apparent. 


Biochemistry 


CONTROL OF CARBOHYDRATE METABOLISM DURING PHAGOCYTOSIS, A 
M. L. Karnovsky, W. Evans*and R. Reibstein.*Harvard a 
Medical School, Boston, Massachusetts. 

A cyanide insensitive oxidase for reduced pyridine nucleo- fe 
tides has been found to be associated with the granules of wo 
guinea pig polymorphonuclear leucocytes(PMN) [Fed. Proc. 19 vit 
42 (1960)]. Guinea-pig PMN also contain a TPNH-linked lactic § - 
dehydrogenase, In rabbit PMN, phagocytosis was shown by Pi 
Hirsch and Cohn [J. Exp. Med. 112 1005 (1960)] to cause degra vib 
ulation and release of lytic enzymes. The relevance of the 
oxidase and dehydrogenase mentioned and of the degranulation anu 
phenomenon to the stimulation of respiration and of the direct 
oxidative pathway for glucose-6-phosphate during phagocytosis at | 
has been investigated. Guinea-pig PMN contain no demonstrable 





transhydrogenase, Observations on the metabolism of medium pi 
glucose-1-c -6-phosphate at rest and during phagocytosis have tae 
been made. The effect of phagocytosis on the pool-size and an 
specific activity of some intracellular constituents, partic ine 
larly L-a-glycerophosphate will be reported. The relation of p 

these observations to the stimulation of incorporation of je 
labeled building blocks into lipid, previously reported [J. as 
Biol. Chem. 235 2264 (1960)] is under study, Mimicking of 4 


some of the effects of phagocytosis by purified endotoxin has wot 
been noted in these cells-for example increased lactate pro- that 





duction, oxygen uptake and C-1/c-6 ratios. wys 
Pharmacology 

EFFECT OF SEROTONIN AND OF CYCLIC 3-5 AMP ON PHOSPHOFRUCTO- GRAL 

KINASE FROM THE LIVER FLUKE FASCIOLA HEPATICA, Tag E, Mansout, § 1, 

Nancy A, LeRouge* and Joan M, Mansour*, Dept. of Pharmacology, § om, 
Louisiana State University, Medical School, New Orleans, lay 

Serotonin stimulates glycolysis in the liver fluke, This host 


effect was attributed, in part, to an increase in the activity "toy 
of phosphofructokinase (Mansour and Menard, Fed. Proce, 19,5 ff iit 
1960). Serotonin, cyclic 3,5-AMP (synthesized chemically or by J 4g, 


fluke particles) and Ca** increase phosphofructokinase anin 
activity in fluke homogenates. The activating effect of these Our 
agents on the enzyme is dependant on the presence of a dose 
particulate fraction, ATP and Mg**, When the fluke homogenates § in ( 
are incubated for 20 minutes at 30°C with ATP and Mg** a depr 
soluble fraction (105,000 x g.) is isolated which is still sus 
activated by the cyclic nucleotide but not by serotonin. Both § live 
phosphofructokinase and the activating system are precipitated § tro] 
from the soluble fraction with ammonium sulfate (40% satura- §f sugg 
tion). The enzyme in this precipitate is still activated by of t 
the cyclic nucleotide provided ATP and Mg** are present. Since § The 
the production of cyclic 3-5 AMP is increased by serotonin vari 
(Mansour, et.al., JeB.C., 235, 466, 1960) the increase of that 
phosphofructokinase activity by this hormone is possibly due Spon 
to the effect of the nucleotide on an activating system. No. 


(Supported by N.I.H. Grant E-1386) 
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Pharmacology 


pNZYME INHIBITION AND RENAL EFFECT IN THE CARBONIC ANHYDRASE 
(CA) SYSTEM. Thomas H. Maren. Dept. of Pharmacology and Thera- 
peutics, Univ. of Florida College of Medicine, Gainesville. 
Renal HCO3~ excretion following CA inhibition was calcu- 
lated as fractional inhibition (i) of kidney cortex enzyme (E). 
yolar conc. E (1 x 1075) and K; of inhibitors were obtained 
in vitro (J. Pharmacol. 130: 389); Ky at 37° from rates of 
00) with minimal pH change and low substrate, approaching 
in vivo conditions. Acetazolamide (A), chlorothiazide (C) and 
sulfanilamide (S) were injected i.v. into dogs. "Max" doses 
are lowest which consistently-elicit maximal renal effect; 
"gin" doses elicit about 20% HCO,” output of max. Drug conc. 














1) was determined other do nd lied llows: 
Drug Dose 30' HCO3z~ Plasma Kidney Ky i from kidn. 
mg/kg __ output I wM/kg at 15'  Mxl07__(I)_ and © 
A 0.3 Min to 0 1.6 5 0.64 0.50 
1.0 Min 6.0 16 0.990 
2.0 Min to Max 12 32 0.997 
5.0 Max 35 80 0.999 
C 10 Max 46 400 10 0.9975 __ 
$ 20 0 140 140 57 0.96 
100 Min 700 700 0.9920 





Characteristics of data depend on distribution of drug and 
relations between (E) and Ky. Maximal renal effects in all 
cases however, occurred only when renal (Egree)< 0.3% (E). 


Pharmacology 


ANEW CLASS OF INHIBITORS OF MONOAMINE OXIDASE (MAO). H. Y. 
Neltzer.* Dept. of Pharmacol., Yale Med. Sch.,’New Haven, Ct. 
Pyridine Aldoxime Dodecyliodide (PAD), and various other 

Nralky! quaternary nitrogen compounds irreversibly inhibit 

WAQ of rat, rabbit, guinea pig and mouse brain and liver in 
vitro. Jn vitro, PAD is more potent than phenylisopropy! 
hydrazine as an inhibitor of rat brain and liver MAO. In vivo, 
however, there is little evidence that PAD acts as a MAO in- 
hibitor (MAOIL), another effect predominating: PAD lowers 
serotonin (HT) levels in rat brains 15% 4 hours after one i.p. 
dose of 25 mg/kg and 40% after 15 mg/kg/day i.p. for seven 
days. Pyridine dodecyliodide, on the other hand, does raise 

HT levels in rat brains. PAD does not inhibit rat kidney 5-hy- 
droxytryptophan decarboxy!ase in vitro. It does release HT 

from mast cells in vitro. PAD has no effect on norepinephrine 
levels in rat brain. Because PAD is a known reactivator of 
acetylcholinesterase (ChE) inhibited by a variety of organo- 
phosporous compounds, as well as an inhibitor of ChE, other 
comounds influencing acetylcholine (ACh) metabolism and other 
MOl were tested in vitro for reciprocal activity, with some 
positive correlations. These findings are of interest in terms 
of the theories of action of MAO!, the synthesis of improved 
MAOl, The selective release of brain amines, and indicate 

that some compounds can directly influence in a variety of 
ways, both ACh and HT metabolism and storage. 





Pathology 

GRADED DEPRESSION OF LIVER CATALASE ACTIVITY IN MICE. Edwin 
1, Nishimura, Sidney Rosenheim*, and Larry Klein.* Northwest- 
em University Medical School, Chicago, Illinois 

Depression of liver catalase activity in tumor-bearing 
hosts has been attributed,in the past, to the action of 
"toxohormone", ostensibly a metabolic product of neoplasm. 
Although several investigators have identified toxohormone, 
data suggesting that the enzyme effect is not specific for 
animals bearing malignant tumors have been amply documented. 
Our data show that granulomatous lesion produced by graded 
doses of subcutaneous inoeulation of chemically inert talc 
inC strain and Strong A mice will result in dose-related 
depression of catalase activity in the liver. Injections of 
suspensions containing 0.12 to 1.0 Gm. of tale caused the 
liver catalase values to fall from 0.915 unit , in the con- 
trol, to 0.787 and 0.507 in a dose-related fashion. The data 
suggest’ that the depression of liver catalase is a reflection 
of the host's response to a sustained injury from any cause. 
the etiologic factors responsible for the injury may be 
varied and need not be neoplastic in nature. It is possible 
that an intermediate agent similar to toxohormone may be re- 
sponsible for the effect on the liver. Supported by Grant 
fo, CY-4.281(C2) National Institutes of Health, USPHS. 
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Biochemistry 


DIPHOSPHOPYRIDINE NUCLEOTIDE BIOSYNTHESIS BY ESCHERICHIA 
Zohn .* Virus Laboratory, University of California, 
Berkeley, California. 

Synthesis of DPN in mammalian tissue and yeast (Preiss and 
Handler, J. Biol. Chem. 233, 488 (1958)) proceeds by the 
following sequence of reactions: nicotinic acid (NA) + PRPP-A, 
nicotinic acid mononucleotide (NaMN) + PP43 NaMN + ATP 
nicotinic acid adenine dinucleotide (NAD) + PPy3; NAD + ATP + 
glutamine DPN + glutamic acid + AMP + PPy. Fractionated 
extracts of E. coli (approximately 50 x purified) contain 
enzymes which catalyze these reactions. Enzyme A, which 
requires NA, PRPP, ATP, Mg’, GSH, F~, and buffer, pH 8.5 for 
maximal activity, catalyzes formation of 0.8 mmoles NaMN/mg 
dry wt/hr. Enzyme B, which requires NaMN, ATP, Mg++, and 
buffer, pH 7.5 for maximal activity, catalyzes formation of 
15 mmoles NAD/mg dry wt/hr. Enzyme C, which requires NAD, 
ATP, (NH,)2S0,, Mg++, Kt, and buffer, pH 8.5 for maximal 
activity, catalyzes formation of 200 les DPN/mg dry wt/hr. 
Km values for NA, NaMN, and NAD are 2x10-°, 3x107>, and 2x107> M 
respectively. Nicotinamide deamidase in E. coli produces 
200 mumoles NA/mg dry wt/hr. &. coli grown on minimal media 
supplemented with NA-Cl4 produced 1 mmole labeled DPN/mg dry 
by DPN biosynthesis in this organism is therefore 
considered to proceed from NA via nicotinic acid nucleotide 
intermediates. 


Biochemistry 


THYMUS GLAND DIHYDROFOLIC ACID REDUCTASE. Ravindra Nath* and 
David M. Greenberg. Univ. of California School of Med., 
San Francisco. 

Thyms gland contains a dihydrofolic acid reductase that 
utilizes DPNH in preference to TPNH. The reduction of di- 
hydrofolic acid with the former is about twice as rapid as 
with the latter at pH 7.5. No reduction of folic acid could 
be promoted by the enzyme. 6,7-Dimethyldihydropterin can 
serve as a substrate as effectively as dihydrofolic acid. 
The rate of oxidation of DPNH was proportional to the enzyme 
concentration. The activity of the dihydrofolic acid 
reductase with DPNH has its maximum at pH 7.5; with TPNH the 
optimum activity at pH 6.0. (Aided by research grants from 
the American Cancer Society and the National Science 
Foundation. 


Biochemistry 


INHIBITION OF N-METHYLATION BY 6-MERCAPTOPURINE. Edward 
Bresnick* and George H. Hitchings. Wellcome Research Labs., 
Tuckahoe, N.Y. 

In confirmation of Kaplan et al (J. Biol. Chem. 219, 287 
(1956)), 6-mercaptopurine (6-MP) was found to reduce the peak — 
but prolong the duration of the synthesis of DPN which occurs 
in mouse liver in response to nicotinamide (NA) injection. 
The effects of 6-MP on DPN synthesis may be a resultant of 
two actions. The synthesis of DPN by mouse liver slices in 
vitro is inhibited by 6-MP. However, 6-MP markedly reduces 
the amount of N-methylnicotinamide (NMeN) which is excreted, 
suggesting an inhibition of this route of elimination of MA. 
The methylation of NA was investigated in vitro employing a 
supernatant fraction of mouse liver (20,000 x g) reduced 
glutathione, MgClo, ATP, 3-phosphoglycerate and NA. The 
methylating enzyme activity of mouse liver was unaffected by 
treatment of the mice with 6-MP. However, the methylation of 
NA in vitro was markedly inhibited by 6-MP. This inhibition 
took place in the presence of S-adenosylmethionine and was not 
overcome by further additions of this substance or NA. Thio- 
guanine, 2,6-diaminopurine and 6-(1'-methyl-4' -nitro-5' - 
imidazolyl)thiopurine also inhibited. 








Biochemistry 


A NEW INTERMEDIATE IN TRIGONELLINE METABOLISM. J-G. Joshi*, 
and Philip Handler, Dept. of Biochem., Duke U., Durham, N.C. 
Torula cremoris can utilize trigonelline (N-methyl nico- 
tinmic acid) as a source of nicotinic acid for DPN biosynthesis 
and growth, but the mechanism of this conversion is unknown. 
The organism was grown for two hours with either methyl-C** or 
carboxyl-C2* trigonelline. Paper chromatograms of hot alcohol 
extracts of saline washed cells were run in n-butanol~acetic 
acid-water (250:60;250, upper phase) solvent mixture. Both 
labelled forms of trigonelline yielded a radioactive material 
with an Re of 0.65. This material.was not trigonelline, DPN, 
nicotinic acid or its nucleotide derivative. The unknown 
showed an absorption maximm at 260 m, moved as a single com 
ponent in three different solvents and in electrophoresis mi- 
grated rapidly towards cathode in 0.28 M acetate, pH 3.0 and 
much more slowly at pH 7 in tris-acetate. Hydrolysis in 
0.5 N HCl for 2 min st 100° resulted in liberation of free 
trigonelline. After treatment of the unkmown with HNOs the 
original reak at 260 mi disappeared and a new peak at 250 m 
appeared. When a solution of hydrolyzed unknown was treated 
with HNOs, neutralized and treated with milk xanthine oxidase, 
the peak at 250 m disappeared with concomitant appearance of 
a peak at 290-295 mi indicating the presence of adenine in the 
unknown intermediate. The simplest structure reconcilable 
with these properties is trigonelline adenylate. 





Biochemistry 


THE INVESTIGATION OF A CONDENSATION PRODUCT OF GLY- 
OXYLATE WITH TRITIATED DPN. Gladys Krakow” and Birgit 
Vennesland. Dept. of Biochem., Univ. of Chicago, Chicago, Ill. 

e adaptive growth of E. coli on glycolate has been shown to result 
in the formation of a carboligase which causes a condensation of two 
moles of glyoxylate for every mole of CO, liberated (Biochem. et Bio- 
phys. Acta, 21:593, 1956). The reaction product has been shown to 
oxidize DPNH rapidly in the presence of extracts from the adapted 
bacterial cells. DPNH labelled with tritium in the beta position of the 
reduced nicotinamide ring has been employed in the reduction. The 
tritium was removed from the nicotinamide ring and did not appear in 
the water. The implications of these findings will be discussed. 
(Supported by a grant from the U.S. Public Health Service.) 


Biochemistry 


PYRIDOXAMINE-KETOACID TRANSAMINASES, AND SOME NEW PROPERTIES 
OF GLUTAMIC-OXALOACETIC TRANSAMINASE. Hiroshi Wada* and 
Esmond E. Snell. 

Enzymes catalyzing the reversible transamination of pyridox- 
amine with oxaloacetate have been purified about 100-fold from 
E. coli and from rabbit liver. ‘The pH optimum is 8.5; phos- 
phate ion is required for activity. None of eleven Q- and 6- 
keto acids tried was active in place of oxaloacetate. ‘The 
reaction is not inhibited by phenylhydrazine, but is inhibited 
strongly by either pyridoxamine phosphate (PMP) or pyridoxal 
phosphate (PLP). 

These properties suggested a relationship to amino acid 
transaminases. Although highly purified glutamic-oxaloacetic 
transaminase (GOT, Jenkins and Sizer, J. Biol. Chem., 234, 51 
(1959)) does not catalyze transamination between pyridoxamine 
and either oxaloacetate or Q-ketoglutarate, the corresponding 
apoenzyme does catalyze these reactions reversibly. ‘This cat- 
alytic action of apoGOT is prevented by addition of PMP, PLP, 
or large amounts of inorganic phosphate. Pyridoxamine and 
pyridoxal thus serve as diffusible analogues of PMP and PLP, 
respectively; their reactions in this system constitute a new 
demonstration of the two half reactions of transamination. 
Although apoGOT differs from the pyridoxamine-oxaloacetate 
transaminase of E. coli and of rabbit liver, the latter may be 
the apoenzyme of a yet unidentified transaminase. 





Dept. of Biochemistry, U. of Calif. Berkeley. 





164-171 


Biochemistry 
IN VITRO BIOSYNTHESIS OF COENZYME Q. Philip H, Gold*, G, 
Hossein Dialameh* and Robert E. Olson. Dept. of Biochem, and 
Nutr., Univ. of Pittsburgh, Pittsburgh, Pa. 

It has been previously shown that coenzyme Q can be syn- 
thesized in vivo from acetate-1-Cl4 in the rat (Dialameh and 
Olson, Fed. Proc. 18:214, 1959) and that the principal hom. 
logue present in this species is coenzyme Qg- It has now 
been possible to obtain the biosynthesis of coenzyme Qo in 
rat liver slices. Slices of liver were incubated with 0,1 
mM mevalonate-2-C14 (0.5 pc/mole) in a bicarbonate buffer 
at 37° C. for three hours in a Dubnoff shaker. The gas 
phase was 95% O09, 5% C09. After incubation, the tissue s]j- 
ces were pooled to yield 5-6 grams, saponified with methan- 
olic KOH in the presence of pyrogallol and the non-saponifi- 
able fraction extracted with petroleum ether. The coenzyme 
Q was purified by alumina and reverse phase paper chroma- 
tography (Olson and Dialameh, Biochem. and Biophys. Res. Com, 
2:198, 1960) to constant specific radioactivity. The re- 
crystallized diacetate of the isolated dihydrocoenzyme 
remained unchanged in specific activity and represented an 
incorporation of about 0.03% of the initial radioactivity, 
This positive finding is in contrast to the recent negative 
report of Phillips (Canad. J. Biochem. and Physiol. 38:1105, 
1960). 


Pharmacology 
COMPARATIVE BIOCHEMISTRY OF CELL WALL PEPTIDE SYNTHESIS IN 
BACTERIA. J.L. Strominger, E. Ito* and R.H. Threnn*, Dept, 
of Pharm. Wash. U. Sch. of Med. St. Louis. 

Enzymes catalyzing synthesis of cell wall peptide as uri- 
dine nucleotide precursor (Ito and Strominger, J.B.C. 235, PG, 
PC7 (1960)) occur in 10 bacterial species investigated. This 
report will be focused on the addition of either (L)lysine or 
(meso)diaminopimelic acid (DAP) to the uridine nucleotide, UDP 
GNAc-lactyl-(L)ala-(D)glu. Several bacteria which contain (1) 
lysine in the cell wall peptide have an enzyme which catalyzes 
the ATP-Mn*t dependent addition of (L)lysine to the uridine m 
cleotide (e.g. S. aureus and S. fecalis). Several other orgs 
nisms which contain DAP in the cell wall peptide (e.g. E. coli 
and C. xerosis) have an enzyme which catalyzes ATP-Mn‘* depen- 
dent addition of DAP (but not of lysine) to the uridine nucle 
tide. In this case the specificity of peptide sequence is de 
termined by enzymatic specificity. The DAP-adding enzyme fros 
Cc. xerosis has been purified about 50-fold and properties stu- 
died. Net synthesis of UDP-GNAc-lactyl-ala-glu-DAP has been 
accomplished. ADP and Pi are the other reaction products. 
Synthesis of the dipeptide (D)ala-(D)ala and specificity of 
addition of this dipeptide, either to UDP-GNAc-ala-glu-lys (ob 
tained from S. aureus inhibited by the antibiotic, oxamycin) 
or to UDP-GNAc-ala-glu-DAP, have also been investigated and 
will be reported. (Supp. by USPHS and NSF grants). 





Nutrition 


DIETARY PROTEIN, RIBOFLAVIN, PYRIDOXINE AND 
THIAMINE AND RAT ERYTHRCCYTE TRANSKETOLASE, 
Myron Brin. State University of New York, Syracuse, N.Y. 

Rat erythrocyte transketolase was rapidly depressed in 
thiamine deficiency before growth was affected (Jour. Biol. 
Chem. 230, 319, 1958). The specificity of the effect for 
thiamine was supported by the partial repletion of the de- 
ficient apotransketolase in vitro with thiamine pyrophosphate, 
or the complete repletion of activity in vivo by the adminis- 
tration of thiamine. It was of interest to determine the 
effects on erythrocyte transketolase of other nutritional 
variables. Individual groups of rats were fed diets with 5 
to 25 percent casein or which were deficient in thiamine, 
pyridoxine, or riboflavin, for a period of two weeks. Trans 
ketolase was assayed on hemolysates as described (Jour. 
Nutr. 71, 273, 1960). Transketolase was depressed 65 
percent in thiamine deficiency but unaffected by pyridoxine 
or riboflavin deficiency. It was not significantly altered 
(formation of hexose) by varying the protein. These data 
support the specificity for thiamine deficiency, of the trans- 
ketolase assay (Supported by grants from NIH, and Williams 
Waterman Fund). 
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Nutrition 
BIOSYNTHESIS OF SELENOCOENZYME A IN THE RAT. K, W, Lam*, 


Riegl* and Robert E, Olson. Dept. of Biochem. and 
Nutr., Univ. of Pittsburgh, Pittsburgh, Pa. 

It has been previously shown that hepatic coenzyme A lev- 
els decline in rats fed a necrogenic diet low in selenium, 
cystine and Q-tocopherol (Olson and Dinning, Ann. N.Y. Acad. 

. 57:889,1954) and that the rate of incorporation of $35 
cystine into coenzyme A is low under these conditions (Olson 
et.al. Fed. Proc. 14:447,1955). The discovery (Yang et.al. Fed. 
Proc. 18:553,1959) that dietary selenium in amounts of 0.05 
ppn stimulates coenzyme A biosynthesis from s35-cystine and 
elevates depressed levels in livers from rats on the necro- 
genic diet led to the current investigation. Coenzyme A bio- 
synthesis in vitro was studied in deficient and control ani- 
nals by the method of Hoaglund and Novelli (J.Biol.Chem. 207: 
767,1955). The rates of formation of coenzyme A in animals 
fed the basal diet, the basal plus G-tocopherol and the basal 
plus Se were 71¢5, 149218, and 124t5 units/gram liver/hour. 
Evidence for the incorporation of Se into coenzyme A was ob- 
tained by injecting Na,Se750, into normal rats (0.1lmc/300 gm 
body weight). Coenzyme A was isolated chromatographically 
and found to be radioactive. The specific activities found 
in liver cystine and Co A were comparable. Although a path- 
way of direct incorporation into coenzyme A is not proved, a 
metabolic relationship between Se and Co A seems likely. 
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Biochemistry 
MECHANISM OF GLUTAMATE ACTIVATION INGLUTAMINE 
SYNTHESIS AND y-GLUTAMYL TRANSFER Alton Meister, 


P.R. Krishnaswamy*, Vaira Pamiljans*,and Georgia Dumville* 
Dept. Bic hem., Tufts University School of Medicine, Boston 





Glutamine synthesis enzyme reacts with L or D-glutamate, 
Mgtt , and ATP (NH3 absent) to form an activated glutamate 
complex that cyclizes on mild heating to pyrrolidone car- 
boxylate, or with NH3 gives L or D-glutamine. Such activa- 
tion is associated with binding of glutamate to the enzyme 
and with cleavage of ATP to ADP and P;, The enzyme, now 
3000-fold purified from sheep brain and homogeneous on 
electrophoresis and ultracentrifugation (MW 420,000; sed. 
const. 14.8 S), does not catalyze ADP-ATP or P,-ATP ex- 
changes, Ultracentrifugation studies showed that the P; and 
ADP formed in the activation reaction are also bound to the 
glutamate-enzyme complex, In studies of reversal of syn- 
thesis, ADP was required for birding of glutamine to the 
enzyme. An integrated scheme consistent with the available 
data has been formulated to explain the reversible synthesis 
of glutamine, the y-glutamyltransfer reaction, arsenolysis, 
and the formation of pyrrolidone carboxylate. 


Biochemistry 


ELECTROPHORETIC DEMONSTRATION OF SPECIPIC ENZYME-SUBSTRATE 
COMPLEX BETWEEN PEPSIN AND SERUM ALBUMIN. John R. Cann* and 
Jack A. Klapper, Jr.* Dept. Biophysics, Univ. Colorado Med. 
Sch., Denver, Colo. 

Moving boundary electrophoresis has demonstrated complex 
formation between pepsin and bovine serum albumin during the 
enzymatic hydrolysis of the latter at pH 5.55. A single type 
of complex, the M-complex, predominates at low and moderate 
ratios of pepsin to albumin. Increasing the ratio favors 
formation of two otlier complexes, the m- and n-complexes, 
Yhich have greater mobilities than the M-complex and which 
predominate over the latter at sufficiently high ratio. Sev- 
eral independent lines of evidence indicate that the M-complex 
is the Michaelis-Menten complex and that the higher order m- 
and n-complexes are also specific: (a) parallelism between 
the effect of ionic strength on the Michaelis constant and on 
complex formation; (b) inhibition of complex formation by the 
Peptic digest of bovine serum albumin; (c) inhibition by the 
low molecular weight substrate, carbobenzoxy-a-L-glutamyl- 
I-tyrosine; and (4) lack of detectable complex formation 

m pepsin and ovalbumin which is not hydrolyzed at a 
Significant rate under the conditions of our experiments. 


Wii 





Biochemistry 


THE PREVALENCE AND SIGNIFICANCE OF THE PRODUCT INHIBITION OF 
ENZYMES. C.F. Walter* and Earl Frieden, Department of 
Chemistry, Florida State University, Tallehassee, Florida. 

The biological significance of product inhibition (P.I.) 
including several examples of feedback P.I. has been reviewed. 
A role in biological rhythm and control was suggested. The 
quantitative importance of P.I., including the use of the cor- 
rected rate equations, was considered in connection with 
several selected examples. 35 examples of enzymes subject to 
P.I. were examined. While competitive P.I. was often found, 
inhibition which resulted in a decrease in the apparent Vm 
was observed in many cases where two or more products were 
formed. Analysis of the rate equations derived from unordered 
sequences of product formation from enzyme-product complexes 
suggests that this P.I. (apparently not competitive) may be 
explicable on the basis of a competitive mechanism. Three 
general mechanisms in which only a competition of product for 
the active site was assumed were analyzed for the three com- 
monly encountered general types of chemical reactions. In all 
three of these cases the resultant inhibition appeared to be 
not competitive, i.e., a decrease in the apparent Vm was pre- 
dicted. Of four mechanisms from the literature to explain 
P.I. which was not competitive, two were special cases of the 
above general mechanisms. (Supported by U.S.P.H. Grant 
C-2375 


Biochemistry 


MECHANISM OF RHODANESE ACTION I. Tokumasa Nakamoto”. 
Dept. of Biochem., Univ. of Chicago, Chicago, Ill. 

The mechanism of the group transfer reaction catalyzed by rhodanese 
(SSO, + CN” =* SCN” + SO3) has been studied by radioisotopic 
tracer techniques. Crystalline beef liver rhodanese was incubated 
briefly in a solution containing S$ $03 and then precipitated with 
(NH4)2SO,. After repeated washing and recrystallization, the rho- 
danese was found to contain approximately one equivalent of labeled 
sulfur. When this preparation was subjected to zone electrophoresis 
at pH 8.6, a procedure which separates rhodanese and free SSO., es- 
sentially all of the radioactivity was aggciated with the enzyme. The 
S°° was removed from the enzyme as S~“CN' by treatment with CN , 
the second substrate. Inactivation of rhodanese either by heat dena- 
turation or treatment with SO, also caused loss of S°~ from the enzyme. 
These results demonstrate the existence of a stable enzyme-sulfur or 
enzyme-thiosulfate intermediate. The distinction between these two 
possible forms of the enzyme-substrate intermediate is being sought in 
studies utilizing SS°°O, 





50}. (Supported by a grant from the National 
Science Foundation.) 


Biochemistry 


FURTHER STUDIES ON RIBITOL DEHYDROGENASE. Herbert J. Fromm 
and Dennis R. Nelson.* Dept. of Biochem., Sch. of Med., 
Univ. of N. Dak., Grand Forks, N. Dak. 

Previous studies on ribitol dehydrogenase had limited the 
mechanism to two possibilities, i.e., (1) either a compulsory 
order of enzyme substrate binding involving ternary complexes, 
or (2) a random sequence of substrate addition to the enzyme 
(Nordlie, R.C., and Fromm, H.J., J. Biol. Chem., 234, 2523, 
1959). A choice between the two pathways was sought using 
the approach of product inhibition (Alberty, R.A., J. Am. 
Chem. Soc., 80, 1777, 1958). Preliminary kinetic studies for 
the forward reaction (ribitol oxidation) tend to eliminate 
(2)3 however, the data appear compatible with the "Theorell- 
Chance" mechanism which had previously been reported to be at 
variance with the Haldane Equation. If it is assumed that 
D-ribulose competes with ribitol for E-DPN , a rate equation 
can be derived which tends to support mechanism (1). 











Biochemistry 


TRITIUM RATE EFFECT IN AN ENZYMIC HYDROXYLATION. Brian J. B. 
Wood” and Lloyd L. Ingraham, Department of Biochemistry and 
Biophysics, University of California, Davis, California. 

The electrophillic substitution of hydrogen ion in tol- 
uene by NOs* has been shown to be as fast with tritium as 
with hydrogen, although a tritium-carbon bond should be more 
difficult to break than a hydrogen-carbon bond. This result 
has been explained by a mechanism in which the carbon-tritium 
bond is not broken in the rate determining step. 

The mechanism of hydroxylation of phenols to catechols 
by the enzyme tyrosinase is being studied. This reaction 
could be an electrophillic aromatic substitution reaction 
analogus to the nitration of toluene. We wish, therefore, 
to see if an isotopic rate effect occurred for this reaction. 
We have found that there is a small but definite isotopic 
rate effect with tritium which shows the mechanism must not 
be the same as the nitration of toluene. Mechanistic impli- 
cations of these results will be discussed. (Supported by 
A.C.S. Grant No. P-218.) 











Biochemistry 


STUDIES ON ATP-CREATINE TRANSPHOSPHORYLASE. THE EFFECTS OF 
Mg++, ANIONS AND pH ON THE REVERSE REACTION. Taiichi Nihei* 
and Lafayette Noda. Department of Biochemistry, Dartmouth 
Medical School, Hanover, N. H. 

We have previously reported [J.Biol.Chem.,235, 2830 (1960)] 
for the enzyme catalyzed reaction: ATP + creatine gq ADP + 
creatine phosphate, that the true substrate in the forward 
direction is MgATP~2, that inorganic anions are competitive 
inhibitors of MgATP-@, and thet Km, for MgATP"2 and creatine 
are very likely the dissociation constants of the enzyme 
substrate complex. 

Studies of the reverse reaction show that MgapP~ isa 
substrate and that inorganic anions are competitive inhibi- 
tors of creatine phosphate :” The equilibrium constant which 
is dependent on pH and [Mg**] can be derived from the K, and 
Vmax values and at pH 7.4, 8.0, and 8.9 and [Mg**] = 0.01 M 
were calculated to be 0.009, 0.064, 0.19 compared to the ex- 
perimentally found values 0.01, 0.040, and 0.24 [J.Biol.Chem., 
210, 83 (1954)). 

The good agreement lends support to the belief that Mg- 
ATP-2 and MgADP-1 are the true substrates and that K,'s for 
these substrates are enzyme-substrate complex dissociation 
constants. 

Inosine and cytidine nucleotides have the same V,,,, as 
adenine nucleotides, but have much higher K, values. 


Biochemistry 


MICROBIAL TRANSSULFURATION AND THE MECHANISMS OF 
SOME ENZYMATIC ELIMINATION REACTIONS. Martin Flavin 
and Clarence Slaughter.* Enzyme Section, National 
Heart Institute, Bethesda, Md. 

Prompted in part by failure to detect in cell- 
free Neurospora extracts the long-postulated reac- 
tion: homoserine + cysteine cystathionine; in 
part by genetic indications that 2, rather than 4, 
enzymes may mediate reversible microbial transsul- 
furation, we have isolated the 2 cystathionine 
cleavage enzymes from Neurospora. An enzyme purified 
350 fold from mutant H98 decomposes cystathionine 
quantitatively to a-ketobutyrate + cysteine (in 
presence of SH trap). Pyridoxal-P, but not Mgtt, is 
required. The enzyme slowly forms ketoacid from DI- 
homoserine; not from Dl-serine. It appears also to 
rapidly catalyze a novel reaction: L-cystine-> SH + 
ketoacid (e.g. possibly 2 pyruvate + S + 8). 
I-cysteine is not attacked and partially inhibits 
the cystine reaction. Initial study of mechanisms 
will be oriented toward closer identification of the 
point of divergence in: homoserine# a-ketobutyrate, 
phosphchomoserine > threonine. 
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Biochemistry 
THE SHAPE OF THE SURFACE OF THE GLUTAMIC DEHYDROGENASE-DPy 
COMPLEX. Harvey F. Fisher* and Lois L. McGregor.* Edsel 3, 
Ford Inst. for Med. Research, Henry Ford Hospital, Detroit, 
Substrate specificity studies on L-glutamic dehydrogenase 
have been carried out for over 70 amino acids and related 
compounds. Attempts to explain the experimental results of 
this work led to application of the template theory. A plas. 
ter mold was prepared from a suitably oriented model of the 
L-glutamate molecule. It was found that compounds whose molec. 
ular models accurately fit this template serve as substrates 
for the enzyme; or, in a few cases, as competitive inhibitors 
for the reaction. No compound whose model did not properly 
fit the template serves either as a substrate or as a competi. 
tive inhibitor for the reaction. Substitution at the B-carbon 
atoms, (whose hydrogen atoms are not in contact with the ten. 
plate),caused only minor effects on substrate activity; while 
only molecules which provide a precise fit of the Y-hydrogen 
atoms, (which are in contact with the template), act as sub« 
strates with rates as high, under proper conditions, as L- 
glutamate itself. The template also provides a straight- 
forward explanation of a variety of previously unrelatable 
phenomena. The ability to predict experimental events is 
strong evidence that the template does in fact represent the 
limiting surface of the enzyme-DPN complex. (Supported in 
part by grant RG-5638 from National Institutes of Health.) 


Biochemistry 

PROMOTION OF CHYMOTRYPTIC ACTIVITY BY INDOLE. Robert J. 
Foster.” Washington State University, Pullman, Washington, 

It has been shown that indole accelerates the solvolysis 
of acyl-chymotrypsin produced by the reaction between nitro- 
phenyl esters and chymotrypsin. However, 3-substituted 
indoles do not exhibit this phenomenon. The objective of 
this study has been to determine whether indole itself was 
unique by investigating indoles substituted at other than 
the 3 position. Substitution at the 1,2 or 5 positions does 
not abolish. the promoting effect of indole on the solvolysis 
of acyl chymotrypsins the way 3 substitution does. The 
promoting effect of indoles on these solvolyses can be viewed 
as either a modification of the catalytic properties of the 
enzyme by changes in structure due to enzyme-indole binding, 
as in Koshlandts induced fit theory, or by attack of the acyl- 
chymotrypsin by the free 3-position of the indoles. The fact 
that a free 3 position is apparently necessary for the effect 
lends support to the latter but this could also be explained 
as a steric factor. In favor of the induced fit analogy is 
the fact that a given indole concentration which doubles 
the rate of hydrolysis of acetyl-chymotrypsin will also 
double the rate of methanolysis of acetyl-chymotrypsin even 
in cases where the methanolysis rate is four times the 
hydrolysis rate. (Supported in part by Public Health 
Research Grant A-2299). 


Biochemistry 


MECHANISM OF FORMATION OF ISOPENTENYLPYRO- 
PHOSPHATE, M. Lindberg*, Ching Yuan* and K. Bloch, 
Harvard University, Cambridge, Mass. 

A partially purified enzyme from yeast catalyses the 
formation of isopentenylpyrophosphate (IPP ) and CO) 
from mevalonic acid pyrophosphate (MVA-PP ) by a de- 
carboxylative elimination, ATP is required by the reaction 
and cleaved into ADP and P;, Our previous suggestion 
that the role of ATP is to phosphorylate the tertiary OH 
group of MVA-PP has been tested with the aid of 8 
3-018. MVA was synthesized and converted to 3-018. MVA-PP 
by MVA-kinase and P-MVA kinase. After enzymatic de- 
carboxylation of the pyrophosphate in the presence of ATP, 
o!8 was found in P; showing that the tertiary OH group of 
MVA-PP had been transferred to the terminal P of ATP. 
This result is consistent with a phosphorylation of the 
tertiary OH group by ATP and elimination of phosphate 
anion by C-O cleavage during the "decarboxylase" reaction. 
The conversion of MVA-PP to IPP is irreversible and 
not effected by avidin or hydroxylamine, The 'decarboxyl- 
ase" does not catalyse an exchange between ADP and ATP. 
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Biochemistry 


MECHANISM OF RHODANESE ACTION II. John R. Green” and John 
Westley. Dept. of Biochem., Univ. of Chicago, Chicago, Ill. 
The calfur transferase rhodanese catalyzes the reaction: SSO + 
(N == SCN’ + SO3. All of these ions, which may be distinguished 
polarographically using a dropping Hg electrode, give characteristic 
anodic diffusion currents. In contrast, crystalline beef liver rhodanese 
is characterized by a single, well defined cathodic current. It has thus 
been possible to determine qualitatively and quantitatively all com- 

nts of reaction mixtures containing equivalent concentrations of 
thodanese and substrates or products. Reaction mixtures contained 
initially 0.5 mg of crystalline rhodanese and 10-100 mymoles of the ap- 
propriate ions in 0.1 ml of phosphate-borate buffer, pH 8.7, at 25°, 
Rhodanese treated with CN™ produced SCN™ with equivalent disappear- 
once of CN”. Similarly rhodanese treated with SO, produced SSO3 
with equivalent disappearance of SO,. Disappearance of the cathodic 
curent of the active enzyme occurred in both of these reactions and 
also when the enzyme was allowed to denature at 25°. In contrast, 
when rhodanese was treated with $SO3, no change occurred in either 
the cathodic current of the enzyme or the anodic current of SSO3 . The 
data demonstrate that crystalline beef liver rhodanese contains activated 
substrate sulfur. These results are consistent with a double displacement 
mechanism. (Supported by a grant fromthe National Science Foundation.) 





Biochemistry 


ON THE KINETICS AND EQUILIBRIA OF POLYMERIZATION CATALYZED BY 
PHOSPHORYLASE, 


lewis B. Barnett” and Leenard Peller’, Department ef 
chemistry, University ef Wisconsin, Madison, Wisconsin, 


A number of enzyme systems bring about the reversible 
formation of high polymeric materials, e.g. carbohydrates 
and polynucleotides, using phosphate esters as monomeric 
sources. The equilibrium state of the polymers corresponds 
toa most probable melecular weight distributien even if a 
primer is required to initiate growth. An approximate 
kinetic treatment of the polymerization process is presented 
by means of the steady state assumption for enzyme-substrate 
intermediates, and under the conditions that there is present 
aprimer of sufficient size that the kinetic parameters, 
which characterize the reaction, are independent of chain 
length, The treatment reveals a steady increase in poly- 
dispersity from a narrow Poisson type distribution toward 
abreader most probable distribution at equilibrium, 


Biochemistry 


SOME INTERACTIONS OF ENZYMES, STEROIDS,,AND PYRIDINE NUCLEO- 
MDES, C.A. Villee, J.M. Loring*, and J.M. Spencer*, Dept. 
Biol. Chem., Harvard Medical School, Boston. 

Under conditions in which the concentration of DPN is rate 
limiting, the addition of 10-6 M corticosterone increases the 
tate of DPN reduction by crystalline beef liver glutamic dehy- 
drogenase (Engel and Scott, Rec. Prog. Hormone Res. 16, 79, 
1960). The observations of Tsou et al (Scientia Sinica 7, 748 
1958) that beef liver glutamic dehydrogenase prepared by the 
mthod of Strecker may be contaminated by an alkaline pyridine 
wcleotide transhydrogenase led us to examine the crystalline 
enzyme for transhydrogenase activity. The enzyme(Nut.Bioch.Co) 
has no transhydrogenase activity either in the presence or ab- 
sence of steroid. We were able to confirm Engel and Scott's 
observation that the addition of 10-6 to 10-8 M corticosterone 
increases the rate of DPN reduction by the glutamic dehydrogen- 
se. The study has been extended to other enzymes, steroids 
and to the pyridine nucleotide analogs. Progesterone (10-6 m) 
is an even more effective stimulator of glutamic dehydrogenase 
than is corticosterone, with either DPN or the thionicot inamide 
malog of DPN as hydrogen acceptor. In contrast neither pig 
heart malic dehydrogenase nor rabbit muscle lactic dehydro- 
nase are stimulated by the addition of corticosterone or 
Ptogesterone. The possible relation of these observations to 
the Physiologic role of the steroids remains to be clarified. 
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Biochemistry 
GLUTATHIONE REDUCTASE OF RAT LIVER. 
Charles E. Mize* and Robert G. Langdon. Johns Hop= 
kins University, Baltimore, Maryland. 

Glutathione reductase from rat liver has now been 
purified 25,000 fold and certain properties of the 
enzyme have been examined. The molecular weight as 
determined by centrifugation is approximately 
100,000; however, diffusion measurements suggest a 
value near 20,000. The enzyme has broad pH and ionic 
strength optima, and exhibits no product inhibition. 
However, the activity is inhibited by a high(2.5 x 
1o~4 M) TPNH concentration. The enzyme is inhibited 
78% when incubated with approximately stoichiometric 
quantities of the phenylalanyl chain of insulin; ac=- 
tivity can be partially restored by incubation with 
GSH. Arsenite inhibition of the enzyme can be com= 
pletely prevented by inclusion of GSSG in the prein= 
cubation mixture. The possible relationship of these 
results to the mechanism of action of the enzyme 
will be discussed. (Supported by Grant # H-1731(C6), 
National Institutes of Health.) 


Biochemistry 


IONIC STRENGTH EFFECTS ON KINETICS OFOC-CHYMOTRYPSIN CATA- 
LYZED HYDROLYSIS OF HIPPURIC FSTERS. James L. Miles*, 
Diana A. Robinson* and William J. Canady*, Dept of Biochem- 
istry, W.Va. Univ. Med.Center, Morgantown, W.Va. 

It has been found that the kinetics of the hydrolysis 
of methyl, ethyl, propyl and iso-propyl hippurates by@- 
chymotrypsin follow Michaelis-Menten behavior under the 
conditions used. Studies were made in media ranging from 
approximately 1073 to 3 molal in KCl at pH 7.0 in the pres- 
ence of x 1074 molar tris-HCl buffer. Using the scheme 

1 2 Z ky 

E+P Ks 
Ets = i —> E+ et 
it has been found that K increases in a linear manner (up to 
2 molal KCl) with ionic strength. This increase is approx- 
imately 300% in going from the lowest ionic strength to 2 
molal at 25°C. The apparent values for kj showed only a 
slight rise amounting to 10-15%; hence it is suggested that 
the variation of K with ionic strength is actually a varia- 
tion of ky Kk, with ionic strength. Some possible re- 
or 

rl 6 
lationships of enzyme activity to substrate solubility will 
be considered. (Supported by N.S.F. Grant #NSF-G 7587.) 





Biochemistry 


ENZYMATIC SYNTHESIS OF ORNITHURIC ACID. F. L. Marshall* and 
Q. J. Koeppe*. Department of Biochemistry, University of 
Missouri, Columbia, Missouri. 

Reports by McGilvery and Cohen ( J. Biol. Chem. 183, 179, 
1950) and Schachter et al. (Am. J. Physiol. 182, 537, 1955) 
indicate that chicken kidney extracts are capable of catalyz- 
ing the benzoylation of ornithine. To further investigate 
the mechanism of this reaction, an enzyme system has been 
prepared from chicken kidney which will catalyze the incor- 
poration of C-14 benzoic acid into ornithuric acid in the 
presence of A-benzoyl-L-ornithine, ATP, and Mg. Very 
little incorporation occurred in the absence of ATP. No 
Coenzyme A requirement could be demonstrated with crude 
dialyzed kidney preparations. The possible role of Coenzyme A 
in this reaction is being investigated using more purified 
systems. Fractionation studies indicate that two enzyme 
fractions are required for the catalysis of the overall 
reaction. One of the fractions will catalyze a benzoic acid- 
dependent exchange of P-32 between inorganic pyrophosphate 
and ATP. The specificity and other properties of this 
exchange have been further investigated. (Supported by 
U.S. Public Health Service Grant RG-5475) 








Biochemistry 
PROGRESS IN RACK MECHANISMS FOR HEME-PROTEINS 
Rufus Lumry, Hiroyuki Matsumiya* and Eric Moore*. 
niv. oO innesota, Minneapolis, Minn. 

The bonding situation in coenzymes chelated to proteins 
represents a compromise between the demands of the pro- 
tein conformation and those due to the electronic proper- 
ties of the coenzyme. This arrangement, called a rack, 
allows the protein conformation to exert partial control 
over the electronic situation and reactions of the coen- 
zyme. Conversely the protein conformation may be influ- 
enced by the electronic state of the coenzyme. For hemo- 
globin, myoglobin or cytochrome c protein control of the 
heme-iron to imidazole-nitrogen bond provides a consis- 
tent qualitative picture of observations on nuclear mag- 
netic relaxation, spectra, optical rotation, oxidation-re- 
duction potential and binding reactions at heme iron. 
Certain refinements in these models including estimates 
of the precision in conformation geometry and effects of 
protein vibrations will be discussed in the light of exist- 
ing data on hemoglobin and myoglobin. New data on 
these proteins leading toward a quantitative theory will be 
presented. 





Biochemistry 


DETERMINATION OF THE RATE OF ENZYMATIC HYDROLYSIS OF 6-AMINO 
PENICILLANIC ACID. Harry G. Steinman, Natl. Insts. of Health, 
Bethesda, Md. 

The rate of hydrolysis of benzylpenicillin and other acyl 
derivatives of 6-aminopenicillanic acid (6-APA) by penicillin- 
ase is readily determined by the manometric procedure of Henry 
and Housewright. This analysis is based on the liberation of 
CO, from a NaHCO; buffer system by the penicilloic acid formed 
in the enzymatic reaction. The method fails, however, to give 
an accurate measure of the rate of destruction of 6-APA. It 
has been found that the pK of the free amino group, which in 
6-APA is of the order of 5.0, rises in the penicilloic acid de- 
rivative to about 8.0. Hence, in a buffer system of pH 7.4, 
carbonic acid cannot function as an indicator of the formation 
of a new acidic radical. The true rate of enzymatic hydroly- 
sis of 6-APA can be determined by means of the conventional 
iodimetric procedure since the penicilloic acid derivative 
takes up Ij in a fashion analogous to benzylpenicilloic acid. 
The rate of hydrolysis of 6-APA by the penicillinase of Bacil- 
lus cereus was about 10% that of benzylpenicillin. The rela- 
tive rate was somewhat lower when catalyzed by the penicillin- 
ase of Staphylococcus aureus. The rates of hydrolysis were 
also compared relative to those of 2,6-dimethoxyphenylpenicil- 
lin, a penicillin remarkably resistant to penicillinase, which 
was hydrolyzed at a rate less than 1% that of benzylpenicillin. 


Biochemistry 


THIOOXIDASE. G. D. Aurbach* and William B. Jakoby. Natl. 
Insts. of Health, Bethesda, Md. 

Thiooxidase, found in crude preparations of Piricularia 
oryzae by Neufeld et al. [J. Biol. Chem., 232, 1093 (1958)], 
catalyzed the oxidation of compounds bearing -SH on ethylenic 
or aromatic carbons to the corresponding disulfides. In the 
present study this enzyme was purified 200-fold, activity 
being determined spectrophotometrically with thiophenol as 
substrate. Since catechol oxidase (measured colorimetrically 
by reaction of the product, o-quinone, with ethylenediamine) 
persisted throughout fractionation, elution from DEAE-cellu- 
lose, and sedimentation in the ultracentrifuge, thiooxidase 
and catecholase seemed to be functions common to the same 
enzyme. The K, for thigphenol was 4.1 X 1074 M at pH 6.3 and 
for catechol, 9.2 X 107% M at pH 5.5. Lags were observed in 
both catecholase and thiooxidase reactions; with thiooxidase 
the lag was elimi: ated by prior incubation with small amounts 
of substrate. This effect was duplicated by pre-incubation 
with stoichiometrically similar quantities of diphenyldisul- 
fide, product of the reaction, and suggested an analogy to 
the tyrosinase reactions similarly affected by a reaction 
product. However, adding diphenyldisulfide to thiooxidase 
did not affect the catecholase activity. 
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Biochemistry 
PROTECTION OF ALDOLASE FROM PROTEOLYTIC DIGESTION BY DIPHOS. 
PHATES. Alan H. Mehler and T. Viswanatha. Natl. Insts, of 
Health, Bethesda, Md. 

The relatively efficient reaction of fully ionized fruc. 
tose-1,6-diphosphate (HDP) with aldolase suggests that the 
substrate is bound electrostatically at two points. HDP is 
able to protect aldolase almost completely against digestio, 
by trypsin, which completely inactivates the unprotected 
enzyme. Similar protection is given by sedoheptulose-1,7. 
diphosphate (which has a K, similar to HDP) and by the 
hexitol-1,6-diphosphates formed by reduction of HDP (which 
are competitive inhibitors of aldolase). Fructose-1-phos- 
phate (F-1-P) gives only slight protection even at high con 
centration. Chymotrypsin also inactivates aldolase com- 
pletely, but in the presence of HDP about 5% of the activity 
persists and the ability to split F-1-P is unchanged. The 
change is effectively that produced by carboxypeptidase 
(Drechsler et al., J. Biol. Chem. 234, 2627, 1959). Sub- 
tilisin also produces a similar change in the absence of 
substrate. On the basis of these findings, a partial model 
of the enzyme will be presented. 


Biochemistry 


TENTATIVE EVIDENCE OF PARTIAL ACTIVITY OF INACTIVE TRANS- 
KETOLASE. Ralph C. Corley and James L. Rhoades*. 
Department of Chemistry, Purdue University, Lafayette, Ind. 

Transketolase prepared from yeast by the method of Srere 
et al has been assayed by a method using hydroxypyruvate 
(lithium) as a co=substrate with Deglyceraldehyde. A fractim 
active by this assay and an inactive fraction separated fron 
it using a column of DEAE cellulose has been exposed to D- 
xylulose labeled with tritium on carbon no. 1. The proteins 
precipitated with ethanol (cf. Datta and Racker) were washed 
three times with ethanol and twice with trichloracetic acid, 
The wash solutions were chromatographed on paper and the 
radioactivity in the regions containing xylulose and glycol- 
aldehyde was determined by liquid scintillation counting. 
Both fractions apparently combined with D-xylulose and with 
both glycolaldehyde appeared in about equal small amounts. It 
is tentatively suggested that the fraction inactive by the 

te assay, while retaining the ability to combim 

with the ketose donor, may have lost by denaturation the 
structure necessary to bring the recipient aldehyde into the 
necessary relation to the "active glycolaldehyde" to be 
transferred. 


Biochemistry 


THE ENZYME-SUBSTRATE COMPLEX OF MYOSIN AND ADENOSINETRIPHOS- 
PHATE AS A FUNCTION OF TIME. Luddo Nanni and Wilfried F.i. 
M. Mommaerts. University of ornia, Los Angeles, Calif. 

By measuring the ATP concentration (S) with the luciferin 
method (Nanninga, L.B. and Mommaerts, W.F.H.M., Proc. Nat'l 
Acad. Sci. 46:1155, 1960) the ATP hydrolysis on addition of 
myosin was followed at different temperatures. In this trans- 
ient system the concentration of the enzyme-substrate complex 
(p) and that of the product as a function of time (t) can be 
evaluated from the S-t curve. It is found that for equivalent 
ATP and myosin concentrations the p maximum is rather sharp 
and the decline rapid while the higher the excess of ATP over 
myosin the more the steady state is extended, in agreement 
with the actomyosin-ATP response (Monmaerts, W.F.H.M., Jour: 
Gen. Physiol. 39:821, 1956), and the results for peroxidase 
(Chance, B., J. Biol. Chem. 151:553, 1943). In that case 
the maximum level of p approaches the steady state level cal- 
culated for the binary enzyme system in which ATP is held at 
@ constant level by means of creatine ghosghete and transphos- 
phorylase. The differential equation 9P/at=k,(S)-p)(E-p)-ky, 
which is valid for the case where ATP is rephosphorylated i 
@ binary enzyme system (in which p approaches a constant 
level) was integrated for p as a function of t. 
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Biochemistry 


ON THE ACTIVE SITE OF MUSCLE AND YEAST PHOSPHO- 
GLUCOMUTASE, Sidney Harshman and Victor A, Najjar. 
vanderbilt Univ. Sch. of Med., Nashville, Tennessee. 

Both enzymes have the same mechanism of action in- 
yolving a reversible transfer of phosphate between the en- 

e and substrate. On this basis, glucoce 6- p32 was used 
for sipatting: The following findings have been obtained for 
both enzymes: Trypsin digestion yields p32 labelled soluble 
peptides. The active phosphate is not hydrolyzable by 5 per 
cent trichloroacetic acid. It was isolated as phosphoserine 
from labelled peptides following hydrolysis with 2 N HCl, at 
100° for two hours. Treatment of the labelled enzyme with 
2N HCI at 100° for two hours followed by chromatography 
on Dowex 50 results in six distinct labelled bands, three of 
which are small peptides, containing 20 per cent of the radio- 
activity. These were purified by paper chromatography in 
putanol-acetic-water versus pyridine-water, followed by 
electrophoresis at pH 2.1, 0. 75M formic acid. The amino 
acid composition of these peptides will be presented. 





Biochemistry 


ATP-ASE ACTIVITY OF CRYSTALLINE YEAST HEXOKI- 
NASE, A. Kaji, “K, A, Trayser, and S. P. Colowick. 
Microbiol,, Vanderbilt Med. Sch., Nashville, and The Johns 
Hopkins Univ., Baltimore. 

Crystalline hexokinase prepared by the procedure of 
Darrow and Colowick has a weak ATP-ase activity which 
parallels the hexokinase activity through six crystallizations. 
The known hexokinase inhibitors, N-acetyl glucosamine, 
N-(m-NO2-benzoyl)-D-glucosamine, N-(p-NO, -benzoyl)- 
D-glucosamine and sorbose-1-phosphate inhibit the ATP-ase 
activity of the hexokinase. Parallel inactivation of the hexo- 
kinase activity and the ATPase by various amounts of AgNO, 
isobserved. The hexokinase is separated into several frac- 
tions of equal specific activity by column chromatography on 
DEAE-cellulose. The ratio of ATPase/hexokinase is the 
same (ca. 6 x 1076) in all of the fractions. The Ky, value of 
ATP for ATPase activity is 5 x 1073M as compared to K,, = 
10°*M for hexokinase activity. Furthermore, studies on 
nucleotide specificity show distinctly different patterns for 
the hexokinase and ATPase activity. These facts indicate 
that the phosphate acceptor influences markedly the nucleo- 
tide-protein interaction. 





Biochemistry 


STUWIES ON L-AMINO ACID OXIDASE WITH PHENAZINE METHOSULFATE 
AND PYOCYANINE Abraham Marcus and John Feeley*. Dept. of 
Agriculture, AMS, Beltsville, Maryland. 

When pyocyanine is added to the L-amino acid oxidase 
system, there is a marked inhibition of oxygen uptake. The 
inhibition varies with the substrate. Maximal inhibition 
occurs with leucine and methionine while little or no 
inhibition occurs when glutamine or asparagine is oxidized. 
If the substrate concentration is lowered, the inhibition is 
relieved. In addition, if phenazine methosulfate is present, 
or if oxygen is substituted for air, the inhibition is 
teduced. These results suggest that the inhibition by 
byocyanine is not involved at the substrate level but rather 
that it inhibits the reoxidation of the reduced flavin enzyme. 
A theory will be presented integrating these studies with 
those previously reported on the substrate inhibition of L- 
amino acid oxidase (Marcus, A. and Feeley, J. Biochim. 
Biophys. Acta., in press). 








Pharmacology 
THE INFLUENCE OF CHEMICAL STRUCTURE ON THE ENZYMATIC HYDRO- 
LYSIS OF $/-AMINOBUTYRYLCHOLINE TERIVATIVES. F.F. Foldes and 
Ux. Foldes* Dept. of Anesthesia, Mercy Hospital and Section 
» Dept. of Surgery, University of Pittsburgh 
School of Medicine, regrets: Pennsylvania, 
wire of a ol o into butyrylcholine decreases 
the average hydrolysis rate by plasma cholinesterase (PChE) 
from 219° to’ 5. W/m) plassa/30 min. Investigation of the 
interaction of 13 * tae derivatives with the 


general structure of H3ii(CH,),-00-0-CHy-i(CH;), with human 
PChE and red cell cholinesterase (RChE) revealed that increas- 
ing n from 3 to 6 increased the rate by PChE from 
5. to 6.9, 66.9 and 103.7, respectively. In contrast, 
gradual replacement of the H atoms of the H3ii group by CH; 


radicals caused a progressive decrease of the hydrolysis rate 
by PChE. Hone of the compounds vere hydrolysed by RChE. The 


inhibitory effect of the (Cy) 98 substituted derivatives was 
the greatest on both PChE arid RChE. Some of the compounds had 
significant neuromuscular blocking activity in cat and man. 

ae a by Health Research &Services Foundation, Pitteburgh 
Grant A-59 


Immunology 


SPECIFIC INTERACTIONS BETWEEN PROTEINS. eee M, Shirven, * 
eo L. rman* and Herbert Jehle.* cs ° rge 
versity, Washington 6, D.C. 


Tt is a well discussed fact (L. Pauling, D.H. Campbell,and 
D. Pressman, Physiol. Rev. 23, 203, 1943, and Stoll Fest- 
schrift p.579, Basel) that complementary molecular structures, 
by virtue of charge complementarity, hydrogen bond complement- 
arity, or van der Waals stabilisation, may give rise to 
specifies interaction. Another, more general, mechanism for 
specific interaction consists in the interlocking of two 
identical sets of protein side chains, as exibited e.g. in the 
interaction of an identical pair of alpha helixes lying 
parallel to each other with their larger ovrzornenerts side 
chains interlocking in a sip like fashion. This latter effect 
comes about through the little noticed but very important 
property of London-van der Waals charge fluctuation forces, 
to the effect that identical molecules, in 
aromatic acid side chains and larger amino acid side 
chains, tend to associate as nearest neighbors. 
pasos by a grant from the Res. Corp. and N.C.I. 

NIH grant C 1,989 C.) 
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PREPARATION, CRYSTALLIZATION AND CHARACTERIZA- 
TION OF AN ESTERO-PROTEOLYTIC ENZYME FROM 
PORCINE PANCREAS, John C. Hartnett* and Erland C. 
Gjessing. College of Medicine, Univ. of Vt., Burlington, Vt. 

In a previous report ( Gjessing, E, C. etal., J. Biol. 
Chem, 234: 1098, 1959 ) evidence has been presented that 
there is a proesterase in porcine pancreas which when 
activated will hydrolyse esters of hydroxybenzoic acid. We 
have purified the active enzyme by fractionation of an extract 
from pancreas homogenate on DEAE cellulose anion 
exchanger. A crystalline enzyme was prepared from the 
eluted active fraction by two methods. Electrophoretic 
analysis ( starch-gel ) has shown the enzyme to have a low 
isoelectric point and a mobility greater than that of 
chymotrypsin B,. The specific activity of this enzyme is 
different from that of alpha chymotrypsin and chymotrypsin B 
using the substrates o-(-n- pentoyloxy- ) benzoic acid and 
ATEE, The enzyme demonstrated proteolytic activity using 
several proteins as substrates. The proteolytic activity is 
less than that of alpha chymotrypsin. (Supported by a grant 
from the USPHS No. A-2024-C.) 











Biochemistry 


THE PAPAIN CATALYSED SYNTHESIS OF AN AMIDE BOND. Donald M. 
- Dept. of Biechemistry, State University of 
New York at N.Y.C., Brooklyn 3, New York. 

The papain catalysed synthesis of an emide bond between a 
suitable acyl-Ol-emine acid and a suitable aromatic amine is 
a@ well established phenomenon. The work reported is 
cencerned with s comparison of yields of the papain catalysed 
aynthesis of anilides from hippuric acid and each of the 
fellewing srematic amines: aniline, e-, m, p-flucreaniline, 
@, m, p-chlereaniline, e-, m, p-bromoaniline, e-, m, 
Priedeaniline and e-, m-, p-mwethylaniline. The syntheses 
teek place at pH 4, 5, and 6, @.1 M citrate buffer at 37° fer 
4@ heurs. é -Mercapteprepienic acid was used as activater. 
The papain used was a papain latex (Wallerstein) extract. 

The results ebtained showed that en aqueeus filtered extract 
ef crude papain ceuld synthesise anilides ef all the amines 
listed except fer e-chlereaniline, o-bremeaniline and e-iede- 
aniline at the three pH values indicated. It is ef interest 
te point out that altheugh the methyl greup has a larger van 
der Weal redius than either the chlere er breme greup, it was 
still possible to ebtain anilide synthesis with e-teluidine 
and the yield ef teluidide increased as pH increased. 

( Supperted by a grant frem the Public Health Service, 4-3627 ) 


Biochemistry 


SUBSTRATE REQUIREMENTS OF TRANSGLUTAMINASE. A. Neidle*+ and G, 
Acs.* New York State Psychiatric Institute and Columbia Uni= 
versity, New York, N. Y. 

The ability of proteins or large peptides to serve as sub- 
strates for transglutaminase varies from complete replacement 
of the glutamine amide groups by primary amines (glucagon, the 
isolated A and B chains of insulin) to negligible reactivity 
(bovine serum albumin, y-globulin). This marked substrate 
specificity might be better defined if small substrates of 
known structure were available for study, We now wish to re- 
port such a series of compounds, the simplest being protected 
dipeptides in which glutamine occupies the N-terminal position 
(eeGe, carbobenzoxy L-glutaminyl-l-valine ethyl ester). Di- 
peptides without the protecting groups are inactive, L-gluta- 
mine cannot be replaced by the D-isomer nor by asparagine, 

The replacement of L-valine by tyrosine, leucine, alanine, 
glycine, D-valine or proline results in a progressive decrease 
in activity. Lengthening the peptide chain by inserting addi- 
tional amino acid residues between the dipeptide and the block- 
ing groups decreases activity compared to the parent compound, 
but the larger peptides retain substrate activity upon removal 
of the protecting groups, These tetra- and penta-peptides, 
however, are considerably less reactive than the corresponding 
carbobenzaxy=peptide-esters,. 


Biochemistry 


4 -HYDROXYCINNAMIC DECARBOXYLASE: THE METABOLIC FORMATION OF 
HYDROXYSTYRENES. Bernard J. Finkle* and Robert E. Lundin*. 
Western Regional Research Lab., USDA, Albany, Calif. 


Decarboxylation of p-coumaric acid and related compounds 
by whole cells of a yet unidentified bacterial strain has 
been observed. The product is a hydroxystyrene. The 
reaction, measured manometrically under nitrogen, is 
specific for phenylacrylic (cinnamic) acids possessing a 
p-hydroxy group, e.g., p-coumaric, caffeic, ferulic acids. 
Decarboxylation does not occur with the p-methoxylated acids 
or the following hydroxyphenyl (HP) acids: p-HP-propionic, 
p-HP-pyruvic, p-HP-lactic, p-HP-acetic, tyrosine. p-Hydroxy- 
benzoic acid is decarboxylated only after an induction 
period. 7-Hydroxycoumarin, maleic and fumaric acids are not 
attacked. The reaction proceeds anaerobically (or aerobi- 
cally with loss of activity) at an optimum pH of about 5.6 
in 0.05 M phosphate. The ether extractable hydroxystyrenes, 
purified on a paper colum, are unstable in air and are 
easily polymerized and/or vaporized during concentration 
procedures. They are deep-blue fluorescent on paper under 
ultraviolet light and have characteristic odors and 
absorption curves (peak: 258 mi). The styrene group has 
been identified definitively by its nuclear magnetic 
resonance spectrum. 
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Biochemistry 

A PROTEOLYTIC ENZYME INHIBITOR FROM SHEEP SERUM. Charles J, 
Martin™. Univ. of Pittsburgh, Pittsburgh, Pa. 

Sheep serum has been shown to contain an inhibitor of Pro. 
teinase A but not of the A, ~esterase present in rat skin ex. 
tracts although both enzymes are inhibited by various trypsin, 
inhibitor preparations (Martin and Axelrod, Biochim. Bi e 
Acta, 26, 490 (1957)). A purification of this inhibitor ae 
now been achieved by ammonium sulfate and acid precipitation 
and chromatography on an IRC-50 resin at pH 6.0. Ultracen- 
trifugal analysis and boundry electrophoresis at three dif. 
ferent pH values showed a single, symmetrical peak. The pri- 
mary test enzyme was a purified Proteinase A preparation 
(Martin and Axelrod, Biochim. Biophys. Acta, 27, 532 (1958)) 
and its stoichiometric interaction with the inhibitor has beg 
studied using both synthetic compounds and casein as sub- 
strates. Chymotrypsin, trypsin, and human plasmin, but not 
bovine thrombin, was also inhibited by the inhibitor prepa- 
ration. With casein as the substrate, 1.0 mg trypsin was in. 
hibited by 1.3 mg inhibitor. The inhibition of chymotrypsin 
was also stoichiometric but required 10 mg to inhibit 1.0 m 
of the enzyme. (Supported by a grant from Division of 
General Medical Sciences, USPHS.) 








Biochemistry 


COMPONENTS OF THE NITROGEN FIXATION ENZYME SYSTEM 
IN CLOSTRIDIUM PASTEURIANUM. Leonard E. Mortenson,# 
Central Res. Dept., E. I. du Pont de Nemours and 
Co., Inc., Wilmington, Delaware. 

Two essential components of the nitrogen-fixing 
enzyme system of C. pasteurianum have been obtained, 
Neither component alone fixed nitrogen but full 
activity was obtained when the two were combined. 
One component, the hydrogen-donating system (HD), 
was obtained by heating crude extracts briefly at 
60°C. under Hp. The other component, the 
nitrogen-activating system (NA), was obtained by 
treating the original extract with (Ca)3(PO,)2 gel. 
Sodium pyruvate was employed as substrate for HD. 
Hydrogenase and the pyruvate metabolizing enzymes 
of the crude preparation are wholly present in HD 
but not in NA. Furthermore, nonfixing extracts 
from cells grown on NH,* lacked the component 
represented by NA but contained normal HD. Purifi- 
cation of these components is underway. 


Biochemistry 


STABILIZING EFFECT OF PROTEIN ON PANCREAS DEOXYRIBONUCLEASE. 
Robert N. Feinstein. Div. of Biol. and Med. Res., Argonne 
Natl. Lab., Argonne, I11. 

If a pancreas homogenate is incubated at 37° C, the neutral 
deoxyribonuclease (DNAse I) activity first increases, then 
fairly rapidly disappears. The rate of disappearance is very 
much greater than that of a solution of crystalline DNAse I 
of comparable activity. The decrease in activity is therefore 
not merely a matter of inherent instability of the enzyme but 
is presently attributed to proteolytic activity in the pan- 
creas. If the pancreatic proteinases are kept saturated with 
substrate by the addition of ovalbumin or other protein, no 
DNAse degradation is observed for long periods. If pancreas 
homogenates are incubated with albumin, considerable increases 
in DNAse I activity are observed. This increase is believed 
due to the proteolytic destruction of DNAse inhibitor. At 
present, it is considered that DNAse inhibitor is most sensi- 
tive t degradation by pancreatic proteinase, albumin is some 
what less sensitive, and the pancreatic DNAse itself is less 
sensitive than the albumin. It may thus be possible to esti- 
mate the true DNAse I activity of pancreas, and perhaps of 
other tissues, by means of preliminary aging in the presence 
of excess albumin. (Work performed under the auspices of the 
U. S. Atomic Energy Commission) 
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Biochemistry 


STUDIES ON THE ARYLSULFATASE OF ASPERGILLUS ORYZAE. Joseph 
p, Cherayil* and Harold Van Kley.* Dept. of Bioch Biochemistry, 
§t. Louis Univ. Sch. of Med., St. Louis, Mo. 
illus oryzae grown on moist wheat bran derives at 

jest part of the sulfur needed for growth through the action 
of the enzyme arylsulfatase (phenolsulfatase). Conditions 
wich prevent optimum activity of the enzyme but permit good 

are optimum for production of the enzyme. If water 
alone is added to wheat bran, a 3 to 5 fold variation in the 
yield of enzyme is noted; the greatest amount of enzyme and 
the highest specific activity are produced with the least 
qount of water. Addition of solutions of compounds such as 
(Wl) HPO, or urea to wheat bran increases the enzyme yield 
several fold; (NH4)2S04 or other sulfur-containing compounds 
decrease arylsulfatase production markedly without diminution 
of growth, probably because growth is no longer dependent on 
this enzyme. Phosphate, tungstate and molybdate are inhibitors 
in the enzymatic assay; if urea and one of these inhibitors 
are present during growth of the mold, an enhanced production 
of arylsulfatase and a higher specific activity than that ob- 
tained with urea alone are observed. The yield of arylsulfa- 
tase produced in the presence of urea and Na2WO4 compared to 
that with (NH4)2S04 is greater by 500 to 1000 fold. The 
enzyme obtained from these extracts of improved initial 
specific activity has been further purified 200 fold. 


Biochemistry 


STUDIES ON AN INTRACELLULAR CARBOXYPEPTIDASE (CATHEPSIN IV). 
LM, Greenbaum* and R. Sherman*, Dept. of Pharmacology 
State Univ. of N.Y, Downstate Med. Center, Brooklyn, N.Y. 

A study of the products released during trypsinogen activa- 
tion by partially purified beef spleen Cathepsin B has led 
to the finding of a carboxypeptidase present in the cathepsin 
8 preparations. This enzyme has now been identified as the 
intracellular carboxypeptidase, cathepsin IV, first found 
in kidney and spleen extracts by Fruton and Bergmann, De- 
tailed studies with more highly purified enzyme have con- 
firmed these authors' findings that this enzyme in the 
presence of cysteine hydrolyzes cbz-glycyl-1l-phenylalanine 
but not cbz-glycyl-phenylalanineamide. In the absence of 
cysteine or in the pr of iod tic acid no activity 
is observed, Current studies also show the enzyme to have 
a pH optima of 4.0 and to hydrolyze in the presence of 
cysteine, hippurylphenylalanine, cbz-glycyl-tryptophane, cbz- 
mthionyl-glycine, cbz-glutamyl-tyrosine. Hippuric acid is 
not attacked. Indoleacetic, indolepropionic and indole- 
butyric acids inhibit the enzyme. (This project is supported 
by U.S.P.H.S. Grant A-1552.) 





Biochemistry 


INHIBITOR STUDIES ON SERINE-PYRUVATE TRANSAMINASE, Kenneth C. 
leibman.* Dept. of Pharmacology and Therapeutics, Univ. of 
Florida College of Medicine, Gainesville, Florida 
Serine-pyruvate (alanine-hydroxypyruvate) transaminase is 
competitively inhibited by isoserine (Fed. Proc. 19: 9, 1960). 
This result was obtained when pyruvate concentration was held 
constant and serine was considered as substrate. At constant 
serine concentration, isoserine is a noncompetitive inhibitor 
of transamination of pyruvate. In the reverse reaction (trans- 
amination of alanine with hydroxypyruvate) isoserine acts as a 
competitive inhibitor vs. alanine and a noncompetitive inhibi- 
tor vs. hydroxypyruvate. Isotope exchange between amino and 


keto acids was demonstrated when estine-t-0"* was incubated 
with enzyme, pyridoxal phosphate and unlabeled hydroxypyruvate, 


or alanine-2-c!* with enzyme, pyridoxal phosphate and unla- 
beled pyruvate. The results indicate that the amino acids re- 
at at different sites on the enzyme protein than do the re- 
spective keto acids of identical carbon skeleton. Both keto 
acids are autoinhibitory at high concentrations; such an 

effect has not been demonstrated with the amino acids. A 
Mathematical treatment of these cases of autoinhibition has 
been developed. Inhibitor studies with other 2- and 3-carbon 
acids, alcohols and amines have been carried out. 





Biochemistry 


MUCOPOLYSACCHARIDE DEPOLYMERIZATION STUDIED WITH 
RADIOACTIVE CYANIDE. Leslie Robert* and Richard J. 
Winzler. Univ. of I11Inois Coll. of Medicine, Dept. 
of Biochemistry, Chicago, I1l. 

The cyanohydrin reaction employing radioactive 
cyanide has been applied to hyaluronic acid and chon- 
droitin sulfate in order to gain information on the 
number of reducing end groups of native mucopolysac- 
charide and to detect increases in the number of re- 
ducing end groups during enzymatic depolymerization. 
Acetylglucosamine and hyaluronate hexaccharide reac- 
ted with radioactive cyanide at pH 9 according to a 
reversible second order reaction. A calculated ex- 
cess of labeled cyanide was used to drive the reac- 
tion to completion in a few hours at 22°C. Depend- 
ing on the conditions 1 to 4 moles of C ~ were 
taken up per average chain of different chondroitin 
sulfate preparations whose number average molecular 
weights were determined through osmotic pressure 
measurements. The increase of C**N~ uptake by hyal- 
uronate after incubation with hyaluronidase or with 
human or guinea pig serum as compared to the label- 
ing obtained in control incubation mixtures, could 
be used as a measure of the extent of hyaluronate 
degradation by the enzyme or by serum factors. 


Biochemistry 


PHOSPHOENOLPYRUVIC CARBOXYTRANS PHOSPHORYLASE. 
Patrick M. L. Siu,* Rune Stjernholm and Harland G. Wood. 
Dept. of Biochem., Western Reserve University, Cleveland, O. 

A new primary reaction of CO, assimilation has been dis- 
covered in Propionibacterium. The reaction occurs as follows: 

P-pyruvate +CO, + Pj = oxaloacetate + P-P 
P-pyruvate and CO. are converted to oxaloacetate and Pj is re- 
quired. Pyiuphosphatase stimulates the formation of oxaloace- 
tate. Parer chromatography showed the presence of a phosphate- 
containing spot which migrated the same as authentic pyrophos - 
phate. Further evidence for the formation of P-P was obtained 
by the isolation of radioactive UTP from a reaction mixture con- 
taining P-pyruvate, P#2 P-pyruvic carboxytransphosphorylase, 
UDPG and UDPG-pyrophosphorylase. The reaction is reversible, 
i.e. , P-pyruvate and Pj are formed from oxaloacetate and P-P. 
It thus resembles P-pyruvic carboxykinase in which GDP and 
GTP replace Pj and P-P respectively. It differs from P-pyruvic 
carboxylase which is irreversible. {P -pyruvate + CO, —oxalo- 
acetate + Pj). Either Mn ++ or Mg** is required and pyruvate 
cannot replace P-pyruvate. Excess P-P inhibits the formation 
of oxaloacetate from P-pyruvate and CO. Avidin does not in- 
hibit the reaction. Thus this fixation reaction can account for 
the fermentation of glucose with the formation of succinate by 
extracts of Propionibacterium in the presence of avidin. 











Biochemistry 


CO, FIXATION BY PROPIONYL CARBOXYLASE AND METHYL- 
MALONYL OXALOACETIC TRANSCARBOXYLASE. Rune Stjernholm 
and Harland G. Wood, Biochem. Dept. , Western Reserve Univ 
Cleveland, Ohio. 

Propionyl carboxylase catalyzes reaction | and the transcar- 
boxylase, reaction 2. The latter reaction does not involve free 
CO, or require ATP or Mg** If reactions 1 and 2 couple there 
should be conversion 3 pyruvate to oxaloacetate by fixation of 
CO2, reaction 3, and the propionyl CoA (PrCoA) should act 
catalytically since it is regenerated. 





PrCoA + CO, +ATP = methylmalonyl CoA + ADP + Pj (1) 
methylmalonyl CoA + pyruvate = PrCoA + oxaloacetate (2) 
CO, + ATP + pyruvate = ADP + Pj + oxaloacetate (3) 


With purified transcarboxylase from propionibacteria and pro- 
pionyl carboxylase of pig heart (gift om S. Ochoa), there is a 
rapid formation of oxaloacetate if 10-5 M PrCoA is present but 
none if it is omitted. There is no fixation of CO, with these 
two biotin containing enzymes when free biotin is substituted 
for PrCoA as a CO; carrier. This coupled reaction is an example 
of how transcarboxylase may promote synthesis by shuttling car- 
boxyls from one reaction sequence to another. The combined 
action of these two enzymes simulates the action of the pyruvic 
carboxylase isolated from liver mitochondria by Utter and Keech, 
J. Biol. Chem. 235, PC 17 (1960). 








Biochemistry 


Action of nonspecific phosphomonoesterases on phos- 
phoric esters without functional substituent groups. 
Gerhard Schmidt and Guenther Bartsch*. Boston Dis- 
pensary and Department of Biochem., Tufts Universi- 
ty School of Medicine, Boston, Massachusetts. 
Effects of various structural features (position 
of P-group, chain length, gyclic structure and un- 
saturation) of synthetic model substrates on the ca- 
talytic action of highly purified acid prostatic and 
alkaline intestinal phosphatase were studied. Sub- 
strates compared included the series of terminal un- 
branched alkyl phosphates from methyl to hexadecyl 
phosphate, hexyl-1,-2 and-3 phosphates, cyclohexyl-, 
phenyl, the two naphthyl and allyl phosphates. Com- 
parison was based on V max. values, at const. enz.c. 
Profound differences between the behavior of both 
enzymes were found: With. prostatic phosphatase, Vmax 
values showed strong, progressive increases from 
Cj to C8 ester whereas cyclic structure and unsatu- 
ration were of negligible influence. With alkaline 
intestinal phosphatase, no systematic effect of chain 
length was observed, but its action was strongly 
stimulated by cyclic structure and by unsaturation. 
Studies on mtual substrate inhibition suggest enzy- 


eat binding as main reason of the differen- 
Ss. 





Biochemistry 


THE ENZYMATIC N-METHYLATION OF PHENYLETHANOLAMINE 
DERIVATIVES. Julius Axelrod. Laboratory of 
Clinical Science, NIMH, Bethesda, Maryland. 

The enzyme that converts norepinephrine to epi- 
nephrine was also found to N-methylate a number of 
phenylethanolamine congeners such as phenylethanol- 
amine, p-hydroxyphenylethanolamine (octopamine), 
normetanephrine, norephedrine and p-hydroxy- 
norephedrine. The phenylethylamine derivatives, 
phenylethylamine, tyramine, dopamine and amphet- 
amine were not N-methylated. The enzyme requires 
S-adenosylmethionine but not Mg or glutathione. 
It is highly localized in the adrenal gland of a 
number of mammalian species and to a small extent 
in the heart. The enzyme also N-methylates 
metanephrine and epinephrine to the corresponding 
tertiary amines. N-methylepinephrine was also 
found to occur normally in the adrenal gland of 
several mammalian species. 


Biochemistry 


CHEMICAL STUDIES OF TOXEMIA OF PREGNANCY. 
M. X. Sullivan. Georgetown University, Washington, D.C. 
Attention was directed to asymmetrical dimethylguanidine 
which Zeller (Helv. Chim. Acta 2 880, 1645, 1938) had found 
an inhibitor of the diamine oxidase. A test was devised of 
high specificity for asymmetrical dimethylguanidine. Applied 
directly to urine of toxemia patients, little evidence of the 
presence of the dimethylguanidine was obtained. Then crea- 
tine was found to be the inhibitor. On adding the dimethyl- 
guanidine to the urine of non-pregnant women and to that of 
patients, acidifying and refluxing for 4 hours, more of the 
guanidine was found in the toxemia of pregnancy urine than 
in the normal urine. By decarboxylation of creatine asym- 
metrical dimethylguanidine would be formed and this would 
check the diamine oxidases. In the steam distillate of the 
alkalinized urine, we obtained evidence of spermine and 
derivative. Our conclusion is that the toxemia of pregnancy 
is due to the inhibition of diamine oxidases by asymmetrical 
dimethylguanidine and thaf the guanidine and spermine are 
causing the phenomena classified as toxemia of pregnancy. 
(Supported by a grant from National Heart Institute. ) 
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Biochemistry 

ACTION OF PURIFIED LIVER EXTRACTS ON A HYALURONATE 
TRISACCHARIDE, Bernard Weissmann and Jerald 
Tornheim.* Univ. of Illinois, Coll. Med., Chicago, 

iver and testis extracts catalyze hydrolysis of 
oligosaccharides derived from hyaluronate, liberat. 
ing acetylglucosamine; identity or non-identity of 
the oligosaccharase with the widely distributed 
B-N-acetylglucosaminidase remains unestablished 
(Linker, Meyer and Weissmann, J. Biol. Chem. 213 
237, 1955). Using as test substrates phenyl B-N- 
acetylglucosaminide (glycosidase) and a hyaluronate 
trisaccharide (oligosaccharase), a correlative s 
has been initiated. A preparation purified some 
200-fold from beef liver (22 mg. phenol liberated/ 
hr./mg.) has a glycosidase activity 51 times greate 
than its oligosaccharase activity (molar ratio); for 
a cruder preparation (1.1 mg./hr./mg.), this ratio 
is 42. For the purer preparation, the pH optimum 
of either activity is about 4.2. The phenyl 
glycoside (Ky 3.3 mM) is inhibited competitively by 
acetamide (Ky 6.7 mM) and by the trisaccharide 
(Ky 9.3 mM). The trisaccharide (Ky about 29 mM) ig 
also inhibited competitively by acetamide (Ky about 
12 mM). The work is being continued. (Supported by 
U.S.P.H.S. Grant A-2479). 


Biochemistry 


ALKALINE PROTEINASE OF ASPERGILLUS ORYZAE. George Kalnitsky 
and Leonard Friedman,* Biochemistry Dept., U. of Iowa, Iowa 
City, lowa. 

Crude proteinase was purified by dialysis, acetone 
precipitation and batchwise treatment with ecteola-cellulose, 
The resultant light amber material had a nitrogen content of 
12.1% (vs 1.3% for the crude material), is stable at pH values 
of 5-8 at room temperature and shows a typical protein absorp- 
tion spectrum in the ultraviolet. The enzyme exhibits a 
broad pH optimum between 7.5 and 10.4, with casein as sub- 
strate. Activity is proportional to time and amount of en- 
zyme. The enzyme is inhibited by 6.6 x 1072M concentrations 
of Mn*+, mgt*, cot++, znt+, Cut+ and Hgt+; in increasing order 
of inhibition. Versene (0.03M) and PCMB (2 x 107 3m) strongly 
inhibit the enzyme. The enzyme is not stimulated be reducing 
agents (NajS03, NaCN, BAL, cysteine, GSH). Proteolytic ac- 
tivity is completely inhibited by 0.01M DFP and by 24-hours' 
exposure to 8 M urea or 2M LiBr. A 72-fold purification in 
activity/protein ratio compared to the crude enzyme was ob- 
tained by further treatment with (NH,) SO, and fractionation 
with Sephadex G-75. The resulting material gave one peak in 
the ultracentrifuge and one active spot on paper electropho- 
resis, 


Pharmacology 


THE IN VIVO AND IN VITRO ANTICHOLINESTERASE EFFECT OF PHOSPHD- 
LINE IODIDE IN MAN. YV.M. Foldes® F.F. Foldes, E.K. Z 

Dept. of Anesthesia, Mercy Hospital and Section on Anes 
ology, Dept. of Surgery, University of Pittsburgh School of 
Medicine, Pittsburgh, Pennsylvania. 

Phospholine iodide is a potent, relatively irreversible 
cholinesterase inhibitor, used for the treatment of glaucoma 
and now under investigation for the management of myasthenia 
gravis. Its in vitro Ico values for human plespe, red cell, 
brain and muscle ChE are 1.0 x 10-9M, 1.5 x 10-OM, 7.9.x 10-™ 
and 1.8 x 10-°M respectively. In 12 myasthenics, 70 to 100 
per cent inhibition of plasma and red cell ChE could be 
achieved in vivo by the administration of a 18 to 22 mg total 
dose of phospholine over | days. This inhibition could be 
maintained on daily “oses of 1 to 8 mg. On discontinuation 
of its administration, ChE activity returned to control in 
about 90 days. Of the 12 myasthenics, in 6 better therapeutic 
effect was obtained with phospholine than with any other anti- 
ChE. In 3 others, combinations of small daily doses (0.25 to 
0.5 mg) of phospholine with a reduced dose of pyridostigmine 
gave better results than their previously used medication. 
In the others, phospholine had to be discontinued because of 
uncontrollable cholinergic symptoms. 
ya by Health Research & Services Foundation, Pittsburgh 
Grant A-59. 
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Pathology 


HISTOCHEMICAL STUDIES ON HYDROLYTIC ENZYME ACTIVITY OF MUSCLE. 
yarvey Goldman* and David G. Freiman. Beth Israel Hosp. and 
jarvard Med. School, Boston, Mass.. 

Histochemical study of human and canine muscle reveals 
parked variation in enzyme activity of smooth muscle both 
yithin and between the species. Although adenosinetriphospha- 
tase (ATPase) appears ubiquitous, wide variation in polyphos- 
patase (PPase), 5'-nucleotidase (AMPase) and cholinesterase 
activities is noted in the smooth muscle coats of various 
portions of the gastrointestinal and genitourinary tracts, and 
in the media of the blood vessels. Cardiac and skeletal muscle 
also contain abundant ATPase, but PPase and AMPase are not 
demonstrable, and esterase activity is predominantly that of 
aliesterase rather than cholinesterase. The histochemical 
demonstration of ATPase has proved to be a valuable means of 
identifying muscle in tissue sections and in delineating 
anatomic muscle patterns. At the same time, the variable PPase 
and AMPase activities in smooth muscle permit visualization of 
anatomic patterns not otherwise apparent and provide striking 
evidence of the heterogeneity of smooth muscle. Demonstration 
of these enzymes also offers a histochemical method of dis- 
tinguishing human leiomyomas from other mesenchymal tumors. 
(This work was supported by grant C-2936, USPHS). 





Pathology 
SEPARATION OF LIPASES FROM THE TISSUES OF THE RAT 
Baskys, B.* Klein, E., Lever, W.F.* and Stone,Nancy* 
Boston Dispensary, Tufts Univ. School of Med. Boston, 
Mass. 

A modification of the method for the separation 
of heparin-induced lipase from human plasma(Baskys 
et al Fed. Proc. 17, 11 1958) was developed for the 
separation of lipases from tissues of the fasting 
rat (heart, lung, kidney, adipose tissue, and pan- 
creas). One gram of tissue was homogenized in 10 cc 
of veronal buffer (pH 8.1). Homogenates were mixed 
with an equal volume of ether at -5°C. On centrifug- 
ation each mixture separated into an aqueous layer, 
anether layer, a semisolid layer between them, and 
afibrous precipitate. The semisolid layer was wash- 
ed with a mixture of ethanol and acetate buffer. The 
precipitates obtained from pancreas and adipose 
tissue were lyophilized as such; those of kidney, 
lung, and heart were extracted with 0.5 M trisodium 
citrate and the residues were lyophilized. The lev- 
els of lipolytic activities per mg of these lyophil- 
ized preparations were approximately five times high- 
er than the activities per mg of preparations ob- 
tained by drying the corresponding, starting mater- 
jal with acetone. 
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Physiology 


ACTION OF BRITISH ANTI LEWISITE ON HEPATIC SUCCINOXIDASE 
AND OTHER SULFHYDRYL—DEPENDENT ENZYME SYSTEMS, Stanley 
lakshy* and Leon L. Gershbein*, Illinois Institute of 
Technology, Chicego, Illinois. 

It is known that British Anti Lewisite (BAL) is an inhi- 
bitor of succinoxidase, a typical sul fhydryl—dependent 
tazyme (Biochem, J. 41: 78, 1950), The present investiga- 
tion concerns the inhibition of succinoxidase attending in- 
traperitoneal administration of BAL to rats and rabbits. 
Inzyme activity was assayed by the Warburg technique in 
liver homogenates with exogenous succinate as the substrate. 
A significant diminution in hepatic succinoxidase was ob- 
served following the injection of BAL at a dose level of 
160 mg/kg, whereas 250 mg/kg was required to elicit the 
same effect in adult females. Similarly, a depression was 
tlso noted in male rabbits injected with 200 mg/kg. Addi- 
tional studies with various sulfhydryl-—dependent enzymes 
tevealed that BAL exerted no effect on xanthine oxidase, 
isocitric dehydrogenase and glutamic dehydrogenase which 
tequire FAD, TPN and DPN respectively. Furthermore, cyto- 
chrome oxidase and diaphorase activities were not affected, 
thereas DPNH cytochrome c reductase activity was inhibited. 
this date confirms the postulate that the mechanism of in- 
hibition involves a combination with Slater's factor, re- 
wlting in the disruption of the normal flow of electrons. 


wetiaAs 





Physiology 


THE INHIBITION OF MITOCHONDRIAL MONOAMINE OXIDASE (MAO) 
BY PHENANTROLINE (PTL) AND PHENYLCYCLOPROPYLAMINE (PCP). 
Libero Barbato* and Leo G. Abood, Univ. of Ill., Chicage. 

The effect of PTL and PCP has been investigated by us 
on a mitochondrial MAO (solubilized with Triton x 100 and 
purified 20 fold) which could be considered free from 
endogenous activators and inhibitors. We have already 
reported that PTL inhibits MAO at a 3 x 10 © Molar concer 
tration. The Lineweaver-Burke treatment does not give a 
definite answer about the type of inhibition but the pH 
activity curve of the inhibited enzyme differs from that 
of the enzyme alone. The inhibition of the enzyme by PCP 
can be ogetly followed at room temperature by incubating 
with 107 M PCP and measuring the residual activity at 
various times, and is prevented by the presence of sub- 
strate. The Lineweaver-Burke plot indicates a competitie 
type of inhibition, whereas the pH activity curve with 
the inhibitor is not parallel to that of the enzyme alone 
The inhibition is neither affected by KCN, nor is oxygen 
dependent, as in the case when iproniazide is the inhibi- 
tor. It can be concluded that PTL is a non-competitive 
inhibitor, whereas the inhibition of PCP is an irrever- 
sible, commetitive, and at low concentrations, non-instar 
taneous reaction with the enzyme. 


Biochemistry 


THE EFFECT OF OXYGEN TENSION ON MONOAMINE OXIDASE 
(MAO). William J, Novick. Duke Univ. Med. Center, 
Durham, N. C. 

The increase of oxygen tension results in increase rates of 
amine oxidation by MAO. This phenomenon was investigated 
in the rat, guinea pig and mouse using various amines as sub- 
strate and MAO from liver, heart and brain. The response to 
oxygen tension varies in respect to species, tissue and sub- 
strate. The guinea pig has a relatively low response while 
the mouse is high. It is possible to obtain different relative 
rates between substrates if the activity is measured in air or 
100% O. The apparent Ky,'s of amines change in response to 
alterations in oxygen tension. The magnitude of the change 
is similar to the magnitude of rate change. The affinity for 
O2 is low. O2 Km's were estimated to be in the range of 150- 
350% O2 for several substrates. 


Biochemistry 


HOG INTESTINE DIAMINE OXIDASE. futaka Sobavashs and Tsuneo 
Okuyama.* Worcester Foundation for Experimental Biology, 
Shrewsbury, Mass. 

A study was undertaken to determine the co-factor require- 
ment, if any, for diamine oxidase. FAD and pyridoxal phos- 
phate have been postulated as possible co-factors by other 
workers in the field. Diamine oxidase activity was extracted 
and concentrated from fresh hog intestines. The intestines 
were minced, extracted with 0.1 M phosphate buffer at 59°C, 
The extract was then centrifuged and the clarified solution 
subjected to ammonium sulfate fractionation. The fraction 
precipitating between 0.10 to 0.55 of ammonium sulfate satu- 
ration was purified on a DEAE cellulose column. The activity 
of the best fraction was 220 u1/hr/mg protein which was a 
100-fold increase over the original heat extracted enzyme. A 
micro hod for estimating diamine oxidase was developed 
using C14-cadaverine. The method involves the extraction of 
the radioactive end product into toluene and counting in a 
liquid scintillation spectrometer. (Supported by USPHS 
Grant E-1135 and USAEC Contract AT(30-1)-2085.) 








Biochemistry 


METABOLISM OF N,N-DIMETHYLTRYPTAMINE-N-OXIDE BY MONOAMINE 
OXIDASE. T.E. Smith*, J.F. Renson*, H. Weissbach*, and 
S. Udenfriend. Natl. Heart Inst., Bethesda, Md. 

Recent studies in this laboratory have shown that N,N- 
dimethyltryptamine-N-oxide (DTNO) is a weak substrate of 
monoamine oxidase (MAO). Soluble extracts of guinea pig 
liver mitochondria, which readily oxidize tryptamine and 
its N-methyl derivatives also metabolize DINO. This reaction 
is inhibited by a variety of MAO inhibitors. The product of 
the DINO reaction appears to be indole-3-acetaldehyde since 
indole-3-acetic acid is formed if aldehyde dehydrogenase 
and DPN are included in the incubation mixture. The assay 
of indole-3-acetic acid, formed by this coupled reaction, 
is a convenient measure of DINO metabolism. Unlike the 
oxidation of other substrates, as catalyzed by MAO, the 
metabolism of DINO proceeds best when the oxygen tension 
is reduced. The possibility that DNTO may be an 
intermediate in the oxidation of dimethyltryptamine by 
MAO is under investigation. 


Biochemistry 


RESOLUTION OF PYRUVATE AND X-KETOGLUTARATE DEHYDROGENATION 
COMPLEXES. Lester J. Reed and Masahiko Koike.* Clayton 
Foundation Biochemical Institute and Dept. of Chemistry, 
University of Texas, Austin. 

The CoA- and DPN-linked pyruvate and a-ketoglutarate dehy- 
drogenation systems of Escherichia coli (Crookes) have been 
isolated as multienzyme units (PDC and KGDC) with molecular 
weights of 4.8 and 2.4 million, respectively. PDC has been 
resolved by treatment with urea (Massey, Biochim. et Biophys. 
Acta, 38, 447 (1960)) into a flavoprotein (6.3 S) and a large, 
colorless component (44 S) which contains protein-bound Lipoic 
acid and exhibits thiamine pyrophosphate-dependent "carboxyl- 
ase" activity and dihydrolipoic transacetylase activity. The 
two components reassociate when mixed to give a unit resembling 
PDC. KGDC has been separated in a similar manner into a flavo 
protein and a colorless component. The two flavoproteins (di- 
hydrolipoic dehydrogenase) appear to be identical and to be 
linked to the colorless components by hydrogen bonding. The 
colorless component obtained from PDC has been separated into, 
two fractions by treatment with ethanolamine. One fraction 
exhibits "carboxylase".activity and the second fraction con- 
tains the bound lipoic acid and exhibits dihydrolipoic trans- 
acetylase activity. Reassociation of the latter two fractions 
has been demonstrated. 








Biochemistry 


REQUIREMENTS FOR LUMINESCENCE IN A BALANOGLOSSID WORM 
Leon S. Dure™ and Milton J. Cormier’. Department of Chemistry, 
University of Georgia, Athens. 

Luminous extracts have been prepared from a luminous marine 
worm that has tentatively been identified as belonging to the 
family Ptychoderidae. At least three factors are required for 
light emission. They are: (1) an enzyme fraction (luciferase), 
a substrate(luciferin), and (3) Hp0>. Organic peroxides and 
free radical generators will replace H20> in this system. 

When partially purified Luciferase and luciferin are mixed no 
light is observed until Hp02 is added. A flash of light that 
rapidly decays to a low steady state level characterizes the 
reaction. Additions of luciferase to such a decayed system 
brings about additional flashes until luciferin is depleted. 
Balanoglossid luciferase has been separated from luciferin, 
although not by usual techniques, owing to the fact that lu- 
ciferin is an extremely labile compound which, to date, must 
be treated as though it were a protein. Inhibitor studies, 
as well as a study of the properties of the enzyme, suggest 
that luciferase is a peroxidase. Thus, this system is differ- 
ent biochemically from other described bioluminescent systems 
and should be valuable in the determination of small amounts 
of Hp0o(as well as organic peroxides and free radicals) that 
are generated at a pH near neutrality. Supported by grants 
from the A.E.C. and the N.S.F. 
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Biochemistry 
STEROID 41-DEHYDROGENASE. “ Vy Stefanovic,” & 
Kurogawa,* M. Gut* and R, I n. Worcester Foundation 


, 
for Experimental Biology, Shrewsbury, Mass. 

A study of the course of the dehydrogenation of steroid 
structures at C-1,2 by B. sphaericus has been conducted. When 
androstanedione-H3 containing 38% H3 at C-1 and 62% H3 at C-2 
was subjected to fermentation, both the recovered substrate 
and product, 41-androstenedione, contained only about 20% of 
the radioactivity of the original starting material. Since 
dl-structures are not reduced by this organism, the possi- 
bility of the above data arising from an equilibrium between 
the unsaturated and saturated forms of the steroid was pre- 
cluded. These and other results suggested the existence of a 
reaction closely accompanying the dehydrogenation involving an 
enzyme mediated equilibration of the ag it oars at C-1,2 with 
that of the medium. When non-isotopic A4-androstenedione was 
fermented in the presence of H30, the recovered steroid con- 
tained a very high specific activity of H3, 57.5% was ina 
position (C-2) exchangeable under aqueous alkaline reflux, and 
2.5% in a stable position (C-1). Cell-free extracts of B. 
sphaericus have been used in further studies of the reactions 
and of the nature of the coenzyme involved. From a series of 
mumerous cofactors tested, menadione alone was active in 
catalytic quantities. The natural cofactor is probably a 
quinone of similar structure. 


Biochemistry 
THE EFFECTS OF 1,10-PHENANTHROLINE AND OTHER AROMATIC 
COMPOUNDS ON THE STRUCTURE OF CRYSTALLINE BEEF LIVER GLUTAMIC 
DEHYDROGENASE. K. Lemone Yielding* and Gordon M. Tomkins. 
Natl. Insts. of Health, Bethesda, Maryland. 

Crystalline glutamic dehydrogenase (GDH) is reversibly 
dissociated into 4 subunits on dilution (Olson, J. A. and 
Anfinsen, C. B., J.Biol.Chem., 197, 67) or on treatment with 
DPNH (Frieden, C., J.Biol.Chem., 234, 809) or steroid hormones 
(Yielding, K. L., and Tomkins, G. M., Proc.Nat.Acad.Sci., 
46, 1983). 1,10-phenanthroline and thyroxin, known to be 
zinc-binding reagents, also promote splitting of the enzyme 
(Frieden, C., J.Biol.Chem., 234, 815). On this basis, it 
has been thought that zinc is involved in maintaining the 
structure of the tetramer. In view of our findings that 
aromatic steroids can disrupt the enzyme, it seemed reasonable 
that the disaggregation produced by 1,10-phenanthroline 
might be due to the aromatic, rather than the zinc complexing 
properties of this reagent. Phenanthridine, a phenanthroline 
analog with no chelating properties, was found to be even 
more effective in splitting GDH, whereas diethyldithiocarba- 
mate, a non-aromatic zinc complexing agent, did not induce 
dissociation of the protein. It would thus appear that the 
common property shared by GDH-splitting reagents is their 
aromaticity or planarity. 





Biochemistry 


CHARACTERIZATION OF TWO HOMOLOGOUS MONOA“INE OXIDASES. 
S. Sarkar* and E. A. Zeller. Dept. of Biochem., Northwestern 
Univ. Med. School, Chicago, Illinois. 

Previously it was shown that hydrazines and phenyl- 
cvclovropylamines are bound to the active site of monoamine 
oxidase (MO) and thus block this enzyme efficiently. It is, 
therefore, possible to obtain information regarding this 
structure by studying the substrate and inhibitor pattern of 
MO. This concept was applied to the analysis of MO obtained 
from various species, in particular of beef liver and rabbit 
liver mitochondria. Intact and "solubilized" mitochondria 
were incubated with n-alkylamines (C1-C&) and phenyl-n-alkyl- 
amines (C,-C.) as substrates and V. and K, were computed. 
For the determination of pIsg-values tyranine served as sub- 
strate in conjunction with the inhibitors n-alkylhydrazines, 
(Cy-Cg) and some cycloalkylamine derivatives. In these 
experiments rabbit liver MO generally preferred substrates 
and inhibitors with long aliphatic chains, while the beef 
liver enzyme was better equipped to handle short chain 
derivatives. It is suggested to designate these two homologous 
enzymes by MO=L (leporidae) and MO=-B (bovidae). Within the 
same species, as in the rabbit and mouse, significant differ- 
ences between the monoamine oxidases prepared from various 
tissues, occurred. 
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171 ENZYMES—Properties 
Physiology 


FURTHER STUDIES ON THE PROPERTIES OF GASTRICSIN AND 


HUMAN PEPSIN. Kuen-I Tang* and Jordan Tang*. Okla. Med. 
Research Inst. and Dept. of Biochem., Univ. of Okla., Okla. City, 
kia. 
"— identification of terminal amino acids in the two proteolytic 
enzymes has shown that the N-terminal amino acid of gastricsin is 
serine, that of human pepsin valine. The sequence at the C-terminal 
end is Val-Leu-Ala-COOH for both enzymes. Studies of molecular 
weight by the sedimentation velocity method showed that gastricsin has 
a molecular weight of 36,027 with a sedimentation coefficient of 3.53 S, 
while human pepsin has a molecular weight of 34,045 with a sedimenta- 
tion coefficient of 3.33 $. When human pepsin was incubated with 
3.6M urea, it was observed that the pH optimum shifted from 1.7 to 
3.5 in keeping with the findings of Schlamowitz and Peterson on hog 
pepsin (J. Biol. Chem., 234, 3134, 1959). Under similar conditions, 
the pH optimum of gastricsin shifted from 3.0 to 4.1. 


Biochemistry 


HETEROGENEITY OF HUMAN SERUM CHOLINESTERASE AND 
METABUTETHAMINESTERASE AT 23°C. Charles E. Becker.* 
American Dental Association, Chicago, inois. 
Pooled human serum was chromatographed at 23°C on 
a 10 x 1.8 cm column of hydroxylapatite prepared ac- 
cording to Tiselius et al.(Arch. Biochem. Biophys. 
65: 132, 1956). Protein was removed from the column 
by stepwise elution at pH 6.8 with phosphate buffers 
of increasing molarity (Hjerten, Biochim. et Biophys. 
Acta 31: 216, 1959). The eluate fractions were col- 
lected and assayed for cholinesterase and metabu- 
tethaminesterase by modifications of the methods of 
De la Huerga et _al.(Am. J. Clin. Pathol. 22: 1126 
1952) and of Becker (J. Dental Research, in press}, 
respectively. Similar peaks of cholinesterase and of 
netabutethaminesterase activity came off the column 
with 0.04, 0.05, 0.06, and 0.08 M buffers. Two other 
peaks of metabutethaminesterase activity came off 
the column with 0.1 and 0.15 M buffers. These facts 
suggest that human serum cholinesterase and metabu- 
tethaminesterase are heterogeneous. Although the two 
enzymes are quite similar, they are not identical. 
(Supported in part by a grant from the USPHS.) 


Biochemistry 
PROPERTIES OF BRAIN GLUTAMIC DECARBOSYLASE, G. 
Sinorsen and Eugene Roberts. City of Hope Med. Cntr., 
Duarte, Calif, 


y-Aminobutyric acid, which has a unique occurrence in 
the vertebrate central nervous system, is formed from 
leglutamic acid by the action of an l-~glutamic acid decar- 
vorylase (GAD), New studies have been made of the GAD of 
mouse brain using a simple apparatus which allows rapid 
and sensitive measurement of COo liberated from C14. 
labeled substrate. Stabilization of enzyme activity was 
achieved by adding GSH and pyridoxal phosphate during prepa- 
tation of acetone powders, anaerobic storage, and perform 
ing assays in KHCO3 buffer (pH 6.2) under 95% No (pre- 
purified) -5% C02, Lebility in 02, protection by -SH 
compounds, and potent inhibition by p=—hydroxy mercuri- 
benzoate suggest the presence of a sensitive -SH group on 
the enzyme, Detailed study has been made of the action of 
lenitroso-2=naphthol-3,6=digulfonic acid, a highly effect- 
ive competitive inhibitor of GAD, Approximately 60% of 
the activity from acetone powder can be extracted into 
sclution and fractionated with ammonium sulfate. Upon 
centrifugal fractionation in sucrose of subcellular materi- 
8l from homogenates of fresh brain, most of the GAD 
activity was found in the low-speed residue. (Supported by 
nts from the U.S.P.H.S. and the National Association for 
ntal Health, 





Biochemistry 


A COMPARATIVE STUDY OF TWO MALIC DEHYDROGENASES FROM BEEF 
HEART. L. Siegel* and S. mngilard. Albert Einstein College of 
Medicine, Yeshiva University, New York, N.Y. 

The isolation and purification of two malic dehydrogenases 
from beef heart has been reported (Biochem. and Biophys. Re- 
search Commmications 3, 253, 323 (1960)). In addition to the 
reported kinetic differences, the two proteins differ in their 
sedimentation constants, diffusion constants and isoelectric 
points. The "mitochondrial" form contains one tryptophan res- 
idue per molecule, and based on this value a minimm molecular 
weight of 65,000 is calculated which is in accord with the 
value obtained from physical measurements. The "cytoplasmic" 
form contains 8 residues of tryptophan per molecule. Complete 
amino acid analysis of the “mitochondrial” enzyme after per- 
formic acid oxidation indicated the presence of 12 cysteic 
acid residues per mole. This enzyme is rapidly inactivated by 
p-chloromercuribenzoate (PCMB) and spectrophotometric titra- 
tion with this reagent in 0.1M K-PO} pH 6.4 revealed the pre- 
sence of 11 to 12 reacting SH groups. This latter finding, in 
conjunction with the results obtained from the amino acid anal- 
ysis, may indicate the absence of disulfide linkages in the 
“mitochondrial” enzyme. With the "cytoplasmic" enzyme under 
similar conditions of titration with PCMB only 2.5 to 3.0 
residues of reacting SH groups per mole were observed. In 


ddition, the latter retains almost activity even 
fn the presence ot ad $B 7¥oia ph py excess of PCMB. y 


Biochemistry 


THE EFFECT OF SODIUM HYDROSULFITE ON THE HYDROGENASE OF 
SCENEDESMUS . Hartman* and Alvin I. Krasna. Dept of 
Biochemistry, College o icians and Surgeons, Columbia 
Univ., N. Y., N.Y. 

The hydrogenase of Scenedesmus and other photosynthetic 
algae appears only after a long anaerobic incubation in the 
dark (H. Gaffron, Biol. Rev. 19, 1, 1944). It has been found 
that sodium hydrosulfite inhibits this "adaptation" of hydro- 


genase in Scenedesmus obliqus, Rhodospirillum rubrum, Rhodo- 
pseudomonas spheroides, Fuglene gach and ChZeriwononas 
moewsuii. In a study of this tion in Scenedesmus, it 


was found that the inhibition is dependent on the concentre- 
tion of hydrosulfite and on the age of the cells. Young 
cells are not inhibited and the inhibition increases with the 
age of the cells. Aerobic storage of the cells of any age 
increases the inhibition. Hydrosulfite is not inhibitory 
when added to the cells after "adaptation". The "adaptation" 
of hydrogenase does not take place in the presence of light. 
When hydrosulfite is present, however, the “adaptation” takes 
Place in the light and the hydrosulfite is not inhibitory. 
(Supported by a grant from the National Science Foundation. ) 








Biochemistry 
EFFECT OF DENATURATION ON THE CHROMATOGRAPHY OF 


PEPSIN. F.W. Pairent* and M.B. Williamson. Dept. 
of Biochem., Loyola Univ. School of Med., Chicago. 


The inactivation of pepsin in aqueous buffer at 
pH 6.7, and in 8 M urea at pH 5.5, has been studied 
by chromatography on DEAE-cellulose columns. After 
incubating crystalline pepsin for varying periods 
of time, the solution was placed on the column at 
pH 5.5 and chromatographed by gradient elution with 
pH 3.6 acetate buffer containing 0.25M NaCl. The 
concentration of protein in the eluent fractions 
was determined by absorption at 280m, and the 
fractions were then assayed for enzymatic activity 
by the hydrolysis of hemoglobin. The chromatograms 
of untreated pepsin contained only one component 


which was active toward hemoglobin, and in the 
pepsin samples used, this component represented 
from 65 to 85% of the total protien. When pepsin 


was incubated either at pH 6.7 in aqueous buffer, 
or at pH 5.5 in8&M urea, the active protein was 
found to decrease with a corresponding increase 
in several inactive components. All but one of the 
inactive components obtained by denaturation of 
pepsin at pH 6.7 were found to be present in pepsin 
solutions treated with urea. 








Biochemistry 
CARBOXYMETHYLATION OF YEAST ENOLASE. J.M. Brake* and F. Wold.* 
Department of Chemistry, University of Illinois, Urbana. 

Yeast enolase, prepared from the crystalline Hg salt, was 
inactivated with 0.2 M bromoacetate at pH 7 and 30°. Eighty 
per cent inactivation with bromoacetate-2-C'* corresponded to 
the introduction of an average of five carboxymethyl groups pe 
molecule of enzyme. In the presence of the substrate D-gly- 
ceric acid 2-phosphate and Mg the rate of inactivation was 
much reduced. Enolase treated three hours with bromoacetate 
in the presence of the substrate was 69% active, whereas a 
sample treated in the absence of the substrate was only 4% 
active. Amino acid analysis of hydrolyzates of the two samples 
revealed fewer carboxymethyl groups in the 69% active sample. 
Ultracentrifugation showed the 4% active sample to be inhomo- 
geneous and of lower sedimentation coefficient than the sample 
prepared in the presence of the substrate, which was similar 
in its sedimentation characteristics to untreated enolase. 

One interpretation of these observations is that the substrate 
occupies a site on the enzyme (possibly the active site) and 
interferes with bromoacetate attack, whereas carboxymethyla- 
tion of this site leads to alterations in the tertiary struc- 
ture and to inactivation. 





Biochemistry 
STABILIZATION OF a=GLYCEROPHOSPHATE DEHYDROGENASE BY REDUCED 
DPN. Carl E. Shonk*. The Merck Institute for Therapeutic 
Research, Rahway, N. J. 

Purification of a-glycerophosphate dehydrogenase (GPDH) 
from rat liver is often accompanied by poor recovery and 
labilization of the enzyme as indicated by rapid loss of 
activity. Addition of reduced DPN to the enzyme containing 
medium permits full recovery and stabilization of enzymatic 
activity in at least two processes employed in purification. 
a-GPDH is rapidly inactivated at temperatures above 0; but 
in the presence of sufficient DPNH, mixtures containing the 
enzyme can be heated to 56°C without appreciable loss of 
activity, and this thermal treatment can be employed for the 
removal of much unwanted protein. Recently, Porath has show 
that gel filtration is a rapid and effective means of desalt- 
ing proteins. This technique when applied to aqueous solu- 
tions of a-GPDH results in only partial recovery of enzymatic 
activity. In addition, the recovered enzyme is extremely 
labile. Full recovery and stabilization of the enzymatic 
activity can be achieved by the addition of DPNH to the solu- 
tion prior to and following gel filtration. The stability of 
the enzyme is slightly improved in the presence of dihydroxy- 
acetcne phosphate or sodium a-glycerophosphate, but oxidized 
DPN has a somewhat deleterious effect. (Supported by CCNSC, 
NCI, NIH Contract No. SA-l3-ph-1386. ) 


Biochemistry 


CHARACTERISTICS OF CARBAMYL PHOSPHATE SYNTHETASE (CPS) OF 
FROG LIVER. Dorothy M. Skinner* and Mary Ellen Jones. 
Dept. of Biochemistry, Brandeis Univ., Waltham, Mass. 
Mitochondria prepared from frog liver homogenized in 0.25M 
sucrose and held at -20° yield crude extracts(1) which con- 
tain CPS with a specific activity (pM citrulline formed/mg 
protein/30 minutes) of 13. A purified preparation(II), spe- 
cific activity 29, is obtained by passage through a phospho- 
cellulose column at pH 5.7. (Marshall et al., J. Biol. Chem, 
233, 102, 1958). Analytical ultracentrifugation revealed a 
single peak (S=11) in I and II. Purification removed heavier 
and lighter material, flattening the baseline. II disso- 
ciated into less dense inactive material(IIA) sedimenting as 
a second sharp peak (S=6) after standing at 0° in Tris-Mg 
buffer at pH 7.4. By Ouchterlony's method, there were 4, 2 
and 4 antigens, respectively, in I, II, and IIA. Immunoelec- 
trophoresis on agar separated 4 or 5 cationic antigens. 
Electrophoresis on resin revealed, in addition, an anionic 
antigen, accompanied by negligible protein. I lost 30% ac- 
tivity after being frozen and thawed 4 times; II in .02 M Tris 
lost 80% activity after one thawing, but in 0.25 M sucrose or 
glycerol maintained 80 to 100% activity after 5 thawings. 
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Biochemistry 


ORGAN-IDENTIFYING ENZYMOLOGIC PROPERTIES OF ALKALINE PHOSPHA. 
TASE FROM RAT INTESTINE AND LIVER. William H. Fishman, Si 
Green* and Norma I, Inglis”. Tufts Univ. School of Mea. ate 
the New England Center Hospital, Boston, Mass. 

Some 130 compounds have been evaluated, including metals, 
bile acids, amino acids, S-containing compounds, peptides, 
etc. for their ability to affect the activity of alkaline pho. 
phatase of liver, bone, intestine, serum, kidney, and lung to 
hydrolyze P-glycerophosphate in the absence and in the preg- 
ence of Mg**. The similarity of the specific behavior to 
Zn**, DL=phenylalanine, Na taurocholate, 2,2'-dithiobisethyl. 
amine of intestinal and serum alkaline phosphatase along with 
reports from the literature indicate that. the main source of 
serum alkaline phosphatase is of intestinal origin. For liv, 
GSH, cyanide, homocysteine and histidine amongst others were 
found to be specific. To determine whether or not these 
agents could detect the entry of liver alkaline phosphatase 
into the circulation, healthy and rachitic rats were sub- 
jected to bile duct ligation and the serum examined at inter. 
vals after. The results were in accord with those expected 
from the study of tissue extracts, even though in some cases 
(ligated normal rats) the total alkaline phosphatase did not 
increase. In addition, a variety of substrates have been 
tested and substrate preferences for intestine (o-carboxy- 
phenylphosphate) and liver (0-phosphoethanolamine) observed, 





Biochemistry 


MOLECULAR WEIGHT AND ENZYME-SUBSTRATE DISSOCIATION CONSTANTS 
OF PHOSPHOGLYCERATE KINASE. Peter Oesper. Hahnemann 
Medical College, Philadelphia, Pa. 

When substrate quantities of PGA-kinase are introduced 
into equilibrium mixtures of GAP, Py, DPN, DPNH and 1,3-Di- 
PGA formed in the presence of GAP dehydrogenase, the DiPOA 
is bound to the kinase, and the equilibrium is displaced. 
The quantity of DiPGA thus bound can be determined by 
observing the extent to which the equilibrium is displaced; 
since it depends both upon the binding constant and upon 
the molar concentration of the kinase, two experiments 
would theoretically suffice to determine the binding con- 
stant and the enzyme concentration. The molecular weight 
per binding site can also be calculated if the weight of 
enzyme introduced is known. 

The molecular weight determined in this way is 130,000; 
the binding constant is very sensitive to experimental error 
and can not be determined accurately, but the data are con- 
sistent with Bucher's value K,= 0.0018 umol/ml, which was 
determined by kinetic studies of competitive inhibition. 

If 3-PGA is added to the system, it competes with DiPGA for 
the enzyme, and decreases the amount of DiPGA bound. The 
binding constant for PGA can be determined from this effect. 
pad 0.15 umol/ml; Bucher obtained Ky = 0.2 from kinetic 
ata. 


Biochemistry 


A COMPARISON OF THE ESTEROLYTIC ACTIVITY OF 
3-PHOSPHOGLY CERALDEHYDE DEHYDROGENASE FROM 
YEAST AND MUSCLE. Park, J. H., Taylor, E. pe. : 
Meriwether, B. 2..." and Cunningham, L. W., Dept. Physiol 














Vanderbilt Med. Sch., Nashville, Tenn. 

3-phosphoglyceraldehyde dehydrogenase crystallized 
from rabbit muscle and yeast catalyzes the hydrolyds of 
p-nitrophenyl acetate. The turnover number of the yeast 
enzyme is equal to that of chymotrypsin but five times 
slower than the muscle dehydrogenase. The dehydrogenase 
of yeast is about 10% inhibited by 0.01 M phosphate whereas 
the muscle dehydrogenase is 60% inhibited. When DPN is 
added to give a DPN: enzyme ratio of 8:1, the yeast enzyme 
is only slightly inhibited but the muscle enzyme is 75% 
blocked. Both the yeast and the muscle enzyme are 
stimulated by cysteine and inhibited by iodoacetic acid. The 
acetyl enzyme complex formed from p-nitrophenyl acetate 
and the yeast enzyme has an acetyl:enzyme ratio of 2:1 
whereas a ratio of 3:1 was obtained with muscle. The 
esterolytic properties of the enzymes are in part correlated 
with their DPN binding characteristics. 
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Biochemistry 


SALMON ENDOPEPTIDASES FOUND DIFFERENT FROM MAMMALIAN ENZYMES. 
¢, Bradford Croston.* and John E. Halver. Western Fish 
futrition Laboratory, U. S. Fish and Wildlife Service, Cook, 
Washington. 

The endopeptidases in extracts of caeca including digestive 
juices of chinook salmon (Oncorhynchus tshawytscha) were 
separated on DEAE cellulose into four fractions by elution 
with pH 8.8 Tris buffer containing 0.01, °0.02, 0.10, and 0.50 
4 NaCl. The activities were distinguished by hydrolysis of 
TAME or ATEE and compared with mammalian trypsin and chymo- 
trypsin, respectively, mainly by electrophoretic properties 
and the inhibitory effect of soybean trypsin inhibitor. 
Fraction | contained a salmotrypsin slightly different from 
trypsin in mobility and effect of the inhibitor and a salmo- 
chymotrypsin related to a-chymotrypsin, but not stable at pH 
3.2. Fractions 1! and 111 each contained a salmochymotrypsin 
of low isoelectric point different from each other and from 
aechymotrypsin by anomalous inhibition by the inhibitor and by 
atrypsin-inhibitor complex (in these respects related to 
chymotrypsin B). Fraction IV salmotrypsin showed pronounced 
differences from any known natural mammalian trypsin not only 
chromatographically, but in having an isoelectric point around 
4,5. These differences add to known examples of diversifica- 
tion of properties of enzymes catalyzing the same function and 
probably have evolutionary significance. 





Biochemistry 


CARBONIC ANHYDRASE FROM HUMAN ERYTHROCYTES. Egon Rickli’ 
Riological Laboratories, Harvard Univ., Cambridge, Mass. 

By column chromatography on Ca-phosphate two active 
carbonic anhydrase tractions (I, II), of somewhat different 
specific activity, were obtained from the crude enzyme pre- 
pared from the red cell hemolysate. 

The Zn content of both fractions is close to 0.2%. The 
two fractions appear homogeneous above pH .5 in Tiselius 
electrophoresis, in sedimentation (S8q = 3.1 S) and on re- 
chromatography on Ca-nhosphatee Starch gel electrophoresis 
further resolves minor components, including a third active 
fraction. Ultracentrifuge studies below pH |: indicate marked 
alterations, accompanied by loss of enzyme ectivity. (Sun- 
ported by a grant (G-3149) from the Public Health Service and 
agrant (G-9114) from the National Science Foundation.) 


12 FOOD 
Biochemistry 


SOME OBSERVATIONS ON FOOD AND NUTRITION IN 
RUSSIA, F. E. Deatherage. Dept. Agr. Biochem., Ohio 
State Univ., Columbus, O. 

The author was a member of a U.S. mission to study 
food research and educational institutions, and some as- 
pects of food production, processing and distribution in the 
U.S.S.R. Some comparisons of the food and nutrition sit- 
Wations in the U.S.S.R. and the U.S.A. will be made. The 
manner in which Russia appears to be solving some of her 
food problems will be described. 
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173 FOOD—Additives 
Pharmacology 


STUDIES ON THE MECHANISM OF THE DIPHENYLPARAPHENYLENEDIAMINE 
EFFECT IN RATS. Steven Carson* and Bernard L. Oser. Food 
and Drug Research 6, Inc., 2 York City. 
It has been shown that the antioxidant diphenylpara- 
phenylenediamine (DPPD) impairs parturition in pregnant 
rats. When fed at 1.6 per cent of the diet it delays delivery 
to such an extent that the young die in utero. Studies de- 
signed to elucidate the mechanism of this impairment are 
currently being carried out. DPPD appears to have no direct 
or indirect progestational action as demonstrated by the 
experimental attempts to support gestation in DPPD-fed, 
bilaterally ovariectomized rats. This has been confirmed by 
Clauberg assay. The size and weight of fetuses taken at 21 
days by caesarian section from DPPD-fed dams are in excess of 
those found in untreated controls. The effects differ from 
those seen with orally administered medroxyprogesterone. In 
vitro studies demonstrate inhibition of the normal reactivity 
of estrus dominated rat uteri to pitocin, depeadent on con- 
centration and time parameters. Various attempts to induce 
labor in DPPD-fed rats at term have failed. 


Pharmacology 


STUDIES ON EFFECTS OF POTENTIALLY CARCINOGENIC 
SUBSTANCES ON DOGS. Bernard L. Oser, Steven Carson* 
and Stephen S. Sternberg*. Food and Drug Research Lab-_ 
oratories, Inc., Maspeth, New York City. 

Studies of the effects of oral administration of reputedly 
carcinogenic materials to dogs are in progress. The studies 
are intended to investigate whether hepatic damage resulting 
from daily administration of methyl butter yellow or safrol 
is reversible if the insult is removed after 6 or more months 
or whether, in any event, the initial liver lesion progresses 
to a malignant state. 

Clinical enzyme determinations for transaminases (SGO, 
SGP), alkaline phosphatase, lactic dehydrogenase, leucine- 
amino peptidase, bromsulfalein retention, and liver biopsies 
were carried out regularly to assess the degree of hepatic 
damage. At intervals the test compounds were withdrawn 
from selected animals and they were maintained on basal 
diet. No carcinogenic lesions have appeared in liver biopsy 
tissue at more than 1. 5 years nor have clinical determina- 
tions suggested their existence. The only unusual effects 
noted are pigmentation changes in liver cells with both 
compounds. One animal sacrificed after 60 weeks showed 
no adverse liver findings. 





Nutrition 


PEPSIN INHIBITION BY CARRAGEENIN, Oliver W/, Vaughan*, Helen 
Rezabek”, and L, J, Filer, Jr, Ross Labs., Columbus, Ohio, 

It has been reported that carrageenin inhibits the 
proteolytic activity of pepsin, Since carrageenin is used 
as a stabilizer in many food products, the conditions nec- 
essary for pepsin inhibition by carrageenin were studied to 
determine whether the addition of the polysaccharide to 
foods interferes with normal protein digestion, Different 
levels of carrageenin were added to solutions containing 
various concentrations of egg albumin, hemoglobin, casein, 
or soybean protein dissolved in a HCl-citrate buffer, pH 
1.6, Carrageenin at 0.25% level or lower did not affect 
pepsin activity in any of the solutions con 3.5% or 
more protein but there was marked inhibition in all tubes 
containing less than 0,5% protein and 0.1% or more carrage- 
enin, When the level of carrageenin was held below 0,034%, 
there was no inhibition of pepsin activity even at very low 
substrate concentrations, The protein level necessary to 
prevent inhibition by a given concentration of carrageenin 
varied from one protein substrate to another, High concen- 
trations of carrageenin inhibitied pepsin activity at all 
pH values from 1 through 7, but the degree of inhibition 
decreased as the pH was raised above 2, The results of this 
study suggest that carrageenin at the low levels used in 
food preparations does not interfere with normal protein 
digestion, 








175 GASTROINTESTINAL 
Physiology 


FACTORS INFLUENCING GASTRIC BLOOD FLOW IN NORMAL CATTLE. 
Alvin F. Sellers, C. E. Stevens* and R. H. Dunlop* Cornell 
Univ., Ithaca, N.Y. and Univ. of Minn. 

Motor activities of the forestomach compartments appear 
highly dependent on ingesta characteristics for their reflex 
control. To study possible interrelationships between motor 
activities, ingesta characteristics and gastric blood flow, 
chronic preparations involving major stomach arteries were 
attempted. The surgical approach finally adopted allowed 
Placement of electromagnetic flowsensing heads on right 
ruminal, omasal, and celiac arteries. Sight and smell of 
food were accompanied by'increase in flow. Further flow in- 
crease occurred during feeding. This high level was main- 
tained following cessation of feeding. Moderate increase 
(5-20 mm Hg) in intraruminal pressure was not accompanied by 
marked or consistent change in flow. Enclosure of the 
ingesta in a plastic bag was associated with lower flow rates 
than when the ingesta were exposed to the mucosa, Under cer- 
tain of the above conditions, blood flow in the arteries 
studied appeared independent of doth gastric motility and 
heart rate. 


Physiology 


DISTRIBUTION OF 1231 POLYVINYLPYRROLIDONE IN HUMANS AFTER 
ORAL AND INTRAVENOUS ADMINISTRATION. A.B. French, A.I. Ragins 





* HM. Pollard,* B. Dickason*. Gastrointestinal Section, Dept. 
of Internal Medicine, U. of Michigan Medical School. 

After intravenous injection of 1131 labeled polyvinylpyrro- 
lidone (PVP) less than 1.5% of the injected dose appears in 
feces of normals. A variable amount appears in urine and this 
is 35 to 60% dialysable. Radioactivity accumulates in liver 
and spleen to a greater extent than in thyroid, with a bio- 
logical half life similar to the piysical half life of 1131, 
After oral administration of PVP 45 to 63% of administered 
radioactivity was recovered in feces while significant amounts 
were found in urine. Liver and splenic radioactivity were 
lower while thyroid activity was higher than after intravenous 
administration. Essentially all the urinary radioactivity 
was dialysable after oral administration. The nature of the 
dialysable material(s) is under study. Thus, while abnormal 
amounts of PVP appear in the gastrointestinal tract of pati- 
ents with certain diseases, some of this is reabsorbed and 
the amount in feces provides only crude quantitation of losses 
thru the mucosa. PVP is unsuitable as an unabsorbable refer- 
ence compound for intestinal absorption studies. (Supported 
by U.S.P.H.S. C-3312.) 


Physiology 


CELLULAR DYNAMICS IN NORMAL AND "RESECTED" SMALL INTESTINE OF 
THE RAT. M. R. Loran* and T. L. Althausen.* Univ. California 
School of Medicine, San Francisco, Calif. 

In a previous publication (J. Biophys. Biochem. Cytol. 7: 
667, 1960), we reported that the rate of cellular prolifera- 
tion of the epithelial cells of the small intestine was 
markedly increased 2 months after partial resection of the 
ileum. We decided to determine whether the change wes 
limited to an increase in rate during migration of the mature 
cell up the villus after it left the crypt or whether it also 
involved more fundamental processes occurring before the cell 
left the crypt, such as generation and synthesis time. Both 
resected and normal animals were injected with H3-thymidine 
and sacrificed at 4, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14 and 16 hours. The small intestine of each rat was cut 
in sections 3 microns thick which were pre-Feulgened, filmed 
and subjected to autoradiography. The results demonstrated 
that although generation time wes the same for both groups, 
synthesis time was reduced by approximately 45 minutes in the 
resected intestine. Therefore, a critical phase in the devel- 
opment of the epithelial cell, rather than cellular migration 
alone, was found to be affected. (Supported by a grant 
(Physiology A-910) from the National Institutes of Health.) 
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Physiology 
CELL POPULATION KINETICS IN THE COLON. Martin Lipkin 
and Henry Quastler. Department of Medicine, Cornell 
University Medical College, 2nd (Cornell) Medical Division, 
Bellevue Hospital, New York City, and Biology Department, 
Brookhaven National Laboratories, Upton, New York 

Kinetics of epithelial cell proliferation and move- 
ment of cells in mouse colon have been studied following 
injection of 3H thymidine and high resolution microautoradio- 
graphy. Thymidine was administered to C57 Brown mice in 
doses of 0.7 microcuries per gram of ahimal, and sections 
of colon were then removed at frequent intervals. 

The mean duration of the period of synthesis of 
desoxyribonucleic acid has been measured, as well as the 
duration of the mitosis phase. The post-mitotic interval 
has also been measured. The percentage of colonic epi- 
thelial cells which normally enter into the various periods, 
and the rate of movement of the cells have been measured, 
and may be compared to results previously noted in the small 
intestine. 


Pathology 


REGENERATION OF COLON EPITHELIUM: A MORPHOLOGIC HISTO- 
CHEMICAL STUDY. William A Foley* and Lee W. Wattenberg, 
Univ. of Minn. Med. School, Minneapolis. 

A morphologic histochemical investigation of sequential 
changes in monkey colon following artificial ulceration has 
been carried out. The studies indicate that in the 
reparative process, newly formed epithelium, glands at the 
immediate periphery of the defect, and additional glands 
in a segment of mucosa surrounding the ulcer area all have a 
role. The surface of the defect is initially covered by a 
single layer of undifferentiated epithelium from which 
glandular differentiation occurs. The activities of the 
succinic dehydrogenase system and cytochrome oxidase are 
reduced below normal during the early phase of healing, but 
later return to normal. DPNH diaphorase activity is 
decreased in healing but TPNH diaphorase activity is similer 
to normal. The pattern of enzyme activity in wound healing 
differs from that observed in other proliferative lesions 
of the large bowel. Such differences may be related to 
biological properties such as invasiveness and self 
limitation of proliferative processes. (Supported by an 
Institutional Grant of the American Cancer Society ) 





Pathology 


Serum Proteolytic Activity in Acute Hemorrhagic 
Pancreatitis. M. S Rittenbury+, \\. L. Farrison*, 
and A. Mounter®™. “Ned. Col. of Va., Rich., Va. 

Sertal serum samples were taken from adult mon- 
grel dogs following the expsrimental induction of 
hemorrhegic pancreatitis, and various proteolytic 
and inhibitor levels were determined to measure the 
chenges occurring with this disease. Gross proteo- 
lytic activity was measured on a casein substrate. 
TSAME end ATFE were used as specific esterase sub- 
strates and SAA and BTA es amidase substrates. Res- 
pective values are expressei in relation to in vitro 
trypsin or chymotrypsin hydrolysis and are related 
to the percent of survival time. All dogs died 
within 17 hours after inducing pancreatitis. #ster- 
ase levels were not measurable, but inhibitor values 
for trypsin were decreased 17% and unchanged for 
chymotrypsin at 75% survival time. ‘Trypsin amidase 
ectivity increased 55% and the inhibitor 5% by this 
time, while chymotrypsin amidase activity increased 
less than its inhibitor. Thus within the time 
studied following pancrsatitis the net activity of 
the serum "tryptic" enzyme-inhibitor system in- 
creased while the "chymotryptic" system was not 
changed. 
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Pathology 


A TOPOGRAPHIC STUDY OF NONCANCEROUS STOMACHS. 
Sheldon C. Sommers and William E. NMonteith*, Mass. 
fem. Hosp., Boston, Mass. 

To compare the mucosa of stomachs removed 
surgically from cases of peptic ulcer with the 
findings previously reported in 100 resected 
specimens of gastric cancer, a topographic study 
of multiple sections was made from 100 noncancerous 
gastric specimens, Compared to the uninvolved 
mucosa accompanying gastric cancer, stomachs with 
peptic ulcer had relatively less common occurrences 
of epithelial hyperplasia, metaplasia and 
leukocytic infiltrates. Attempts were made to 
correlate secretory activity and gastric cytology 
by mucosal cell counts. 





Pathology 


XYLOSE ABSORPTION AND URINARY EXCRETION IN THYROID DISEASE, 
$A. Broitman,* D.C. Bondy,* L.C. Hoskins,* I, Yachnin,* and 
; gamcheck. Mallory 4 of Path., Boston City Hospital, 

- och. of Med., Boston, Mass. 

Urinary xylose excretion after oral dose of 25 g of d¢ 
xylose was determined in 15 normals, 7 thyrotoxic and 6 myx- 
edematous patients, Thyrojd, discase was diagnosed on the basis 
of results of BMR, PBI, I uptake and clinical evaluation. 
None showed evidence of malabsorption syndrome, Mean 5-hour 
winary excretions of xylose were 7.6 + 1.l g in thyrotoxics; 
5.7 # 1.5 g in normals; and 2.1] + 1.1 g in the myxedema group. 
The value in the latter group is in the range of values noted 
inmalabsorptive states. Following I.V. infusion, percentage 
recovery of xylose from urine (54.2 + 11.5% in thyrotoxicosis, 
38.5 + 8.5% in normals and 18.9 + 9.0% in myxedema) paralleled 
results with oral xylose and indicated that differences in the 
} groups were not due to differences in intestinal absorption, 
Proportional rate constants for the disappearance of xylose 
from blood were 0.0% per min. in the myxedema group, 1.05% 
prmin. in the control group. The findings that the rate of 
disappearance of xylose from the blood of thyrotoxic patients 
(1.03% per min.) was not significantly different from control 
values while urinary xylose recovery was increased suggested 
areduction of xylose metabolism in thyrotoxic patients. 


16 GASTROINTESTINAL—Digestion; Absorption 
Physiology 


ABSORPTION OF GLUCOSE IN VIVO FROM THE*RAT SMALL INTESTINE, 

Harold Schedl*, George Nokes*, and James Clifton*, Dept. of 

+ State Univ. of Iowa College of Medicine, Iowa City, 
a. 

Glucose absorption from buffered isotonic solutions 
was studied by perfusing the entire small intestine of the 
tat (Schanker, J. Pharmacol. & Exp. Therap. 123:81,1958). Ab- 
sorption of glucose was a function of concentration from 10 
to 600 mg. /100 ml. The absorption rate tended to be constant 
ad independent of tration above 600 mg./100 ml. The 
turve relating absorption to concentration had the form of 
a equilateral hyperbola. The Michaelis constant (Kp) was 
45x 10°2M and the maximal velocity (Vmax) was 140 mg./100 
m@. of rat/hr. or 410 mg./rat/hr. In vitro studies (Fisher 
&Parsons, J. Physiol. 119:210,1953) have shown a smaller Ky 
(9x 10-3M), but a lower Vmax, 270 mg./rat/hr. (calculated 
from their data assuming 100 cm. as the average length of 
the rat small intestine). When the perfusate was made hyper- 
tonic with mannitol, there was net flux of water into the 
bowel, and glucose absorption was reduced. 
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Physiology 


ACTIVE TRANSPORT OF AX INQ ACIDS BY HAMSTER INTESTINE. 
E.C.C. Lin”, H. Hagihira™ and T.H. Wilson. Depts. Biological 
Chemistry and Physiology, Harvard Med. School, Boston, Mass. 
Wiseman (J. Physiol., 127:h1),1955) demonstrated transport 
against a concentration gradient of a variety of mono-amino, 
mnono-carboxylic L-amino acids by the small intestine. All 
available evidence (competitive inhibition data) suggests a 
Single carrier for all transported amino acids, Further 
studies on this transport system with the everted sac tech- 
nique showed that a free carboxyl group was essential. Thus, 
L-histidine methyl ester and L-histidinol were not transport- 
ed. Sutstitutions on the & -amino group which prevent 
Schiff base formation blocked transport. Dimethylglycine and 
betaine were inactive; L-proline and sarcosine were rapidly 
transported. The®— hydrogen appears important since replace- 
ment by a methyl group greatly diminished reactivity (e.g. 
«&-aminoisobutyrate ande-methyl-DL-tyrosine). Apparently the 
only essential requirement for the side chain is that it be 
uncharged at pH 7.4. L-glutemate-%-methyl ester, L-citrulline 
and L-methionine were transported while L-glutamate, L-orni- 
thine and methyl-L methionine sulfonium salt were not. It 
might be inferred from these data that the interaction with 
the carrier involves three groups on the %-carbon of the 
transported amino acid; namely, a) the carboxyl group, b) the 
amino group and c) the hydrogen, 





Pharmacology 


THE METABOLISM OF FD&C RED NO. 1. II. The Fate of 2,6-Meta- 
Xylidine in Rats. H. V. Lindstrom*, Di. .f Pharmacology, 
Food and Drug Admin., U. S. Dept. of dealth, Education, and 
Welfare, Washington, D.C. 

In previous work (Fed. Proc, 19:183, 1960) it was shown 
that the 2,4—meta-xylidine fraction of FD&C Red No. 1 was 
metabolized mainly to an aminobenzoic acid type and that no 
amino=phenol was formed. In experiments of a similar kind, 
the 2,6-meta-xylidine fraction of FD&C Red No. 1 was fed by 
stomach tube to Osborne-Mendel rats at 150 mg/kg/day, The 
urine yielded 2-amino-3-methyl benzoic acid to a slight 
degree and the amino-phenol compound 4-hydroxy, 2,6-dimethyl 
aniline to a large degree. This is in direct contrast to 
the results from 2,4=meta-xylidine and demonstrates that the 
relative position of the two methyl groups in xylidine 
determines the metabolic fate. This should be significant in 
relating the toxicities of these xylidines to their 
metabolism, 


Pharmacology 


THE EFFECT OF DOSAGE FORM UPON THE GASTRO- 
INTESTINAL ABSORPTION RATE OF SALICYLATES, 
Gerhard Levy*, R.H.Gumtow*, and J.M.Rutowski*. 








The University of Buffalo, School of Pharmacy, Buffalo 14,N. Y. 

The gastrointestinal absorption of salicylates was studied by 
determining the urinary excretion of salicylate in twelve 
healthy adult subjects after administration of aspirin solution, 
different types of aspirin tablets, choline salicylate solution, 
and sodium salicylate solution. The dose used was 0.65 g of 
aspirin or its equivalent. Gastrointestinal absorption rate of 
aspirin when administered in aqueous solution was signifi- 
cantly greater than after administration in tablet form. There 
was no significant difference in absorption rates between the 
various salicylates given in solution. This did not bear out the 
suggestion of Wolf and Aboody (Fed. Proc. 18, 605, 1959) that 
choline salicylate should be absorbed more rapidly than 
sodium salicylate. It will be shown that a five-fold increase 
in the gastrointestinal absorption rate of choline salicylate 
over aspirin reported by Broh-Kahn (Fed. Proc. 18, 17, 1959) 
was primarily due to the different dosage forms employed. 
The effect of certain variables other than dosage form upon 
the absorption of salicylates will also be diecussed. 








Pharmacology 


EFFECT OF SOLUTE CONCENTRATION ON TERRAMYCIN ABSORPTION. C. 
F. Gerber*, H. F. Hammer* and 0. Klioze*. Medical Research 
Laboratories, Chas. Pfizer & Co., Inc., Groton, Conn. 

When Terramycin solutions were perfused through rat small 
intestine in the presence of varying concentrations of sever- 
al simple substances, it was found that the Terramycin blood 
levels attained were a function of the nature and concentra- 
tion of the adjuvant. Minimal Terramycin blood levels were 
attained at isotonicity but were elevated at hypo- or hyper- 
tonicity, being highest when Terramycin was perfused in dis- 
tilled water. Comparing Terramycin blood levels attained at 
isotonic concentrations for the adjuvants the following series 
was obtained: ethanol>propylene glycol>glycerine>urea>sorbi- 
tol>glucose>sucrose>NaCl. The same series is obtained if 
these compounds are ranked according to permeation constants. 
These data underline the importance of structured water in 
cell membranes. At isotonicity there is no net flux of water 
and absorption is minimum. Where there is a net flux in 
either direction absorption increases. Correlation of in- 
creased absorption with ease of permeation by adjuvant sug- 
gests that disruption of structured cell membrane water per- 
mits more ready permeation by another substance, Terramycin 
in this case. 





Pathology 


STRUCTURAL AND TRANSPORT CHANGES IN MUCOSA OF THE SMALL F. 
BOWEL DURING NIACIN DEFICIENCY IN DOGS. Ralph A. Nelson, 
Charles F. Code and Arnold L. Brown, Jr. Mayo Clinic and 
Mayo Foundation, Rochester, Minnesota. 

In this study histologic changes in the mucous membrane 
of the small bowel were correlated with alterations of the 
transport of water, Na and glucose during niacin deficiency. 
Tests of absorption were done on Thiry-Vella loops of the 
duodenum and ileum in trained unanesthetized dogs before, 
during and after niacin deficiency. Specimens of micosa 
were taken from the loops before and during niacin 
deficiency and examined by light and electron microscopy 
technics. Light microscopy revealed that during deficiency 
clubbing of villi and alterations in surface epithelial 
lining occurred in both the duodenum and ileum. Electron 
microscopy also disclosed dilatation of the endoplasmic 
reticulum and significant reduction in endogenous 
dehydrogenase activity in the duodenum during deficiency. 
Water, Na and glucose transport declined greatly during 
deficiency in both the duodenum and ileum. Under both 
control and deficiency conditions the amount of glucose 
absorbed was related to the amount of Na insorbed. 
(Supported by Public Health Service Grant A-2827.) 


Nutrition 


STEROID ESTER HYDROLYSIS, Erwin Janssen* Harold Sched1* and 
James Clifton* Dept. of Medicine, State Univ. of Iowa, College 
of Medicine, Iowa City, Iowa, 

A preparation for hydrolysis of a variety of steroid es- 
ters, yielding almost quantitative recovery of parent steroid, 
was obtained as follows: an entire rat small intestine homo- 
genized in 25 ml, of M/30 NaCl was centrifuged, and the super- 
natant used, One-half ml, of supernatant was incubated with 
100 mcg. of ester in 0,1 ml, of ethanol for 1 hr, The ster- 
oids were extracted and chromatographed on paper, Compounds 
hydrolyzed: 3B-Acetate: dehydroisoandrosterone; 17B-Acetate 
and propionate: testosterone; 2l-Acetates: allo DHE & DHF, 
Compounds A,B,E,(Kendall), S (Reichstein), 11-desoxycorticos- 
terone, dexamethasone, 9a-fluorocortisol, prednisone, and 
prednisolone, 21-Phenylacetate: 11-desoxycorticosterone, Not 
hydrolyzed: lla-Acetates: 1la@-17a-dihydroxyprogesterone; 1la- 
hydroxyprogesterone; 17a-Acetate: 17a-ethynyl-19-nortestoster- 
one; 17a@-Caproate: 17a-hydroxyprogesterone, Complete hydroly- 
sis with a good yield of free steroid was obtained from 20 mg. 
of cortisol acetate in 5 ml. of ethanol with 25 ml. of super- 
natant, Preliminary results suggest hydrolysis of esters oc- 
curs (1) independently of chain length of the acid, (2) at all 
positions except the 17-tertiary and 1l-positions, and (3) 
rapidly, Cortisone-4-C14 acetate was 97% hydrolyzed in 15 
minutes, 
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177 GASTROINTESTINAL—Digestion; Absorption— 

Carbohydrates Physiology 
ABSORPTION AND ACTIVE TRANSPORT OF SUGAR (D-GLUCOsB) 
IN SEGMENTS OF FISH INTESTINE. X. J. Musacchia. St. Louig 
Univ., St. Louis, Mo. 

Absorption and active transport of D-glucose was found in 
isolated (in vitro) intestinal segments of the catfish, Ameiurus 
nebulosus. Other species of fish were also studied. Everted 
intestinal sacs of upper and lower mid-gut were incubated in 
solutions of sugar (e.g., 5 and 10 mg.% D-glucose) for 20, 30 
or 40 minutes. Absorption and active transport occurred in all 
preparations made from catfish, and sugar moved against a con- 
centration gradient, i.e., increased concentration in serosal fluid 
and concomitant decrease in mucosal fluid. Thus, average S/M 
(serosal/mucosal) ratios after 30 minutes were: D-glucose, 5 mg.$ 
upper segments (15) 8.37 +1.66, lower segments (15) 4.93 +1.69; 
10 mg. %, upper segments (19) 4.74 +0.79, lower segments (21) 
2.80 +0.40. Absorption and active transport was inhibited at 0-2%% 
for 20 minutes and reactivated at fish body temperatures 22-24°¢ 
for 20 minutes. Using 10 mg.% D-glucose, average S/M ratios in 
"whole" intestine preparations (14) were: 1.18 +0.04 at 0-2°C and 
at 22-24°C, 2.64 +0.24, (Supported, in part, by an American 
Cancer Society Institutional Grant IN-63.) 


178 GASTROINTESTINAL—Digestion; Absorption—Fat; 
cholesterol Phy 


METABOLISM OF RTCINOLETC ACID IN RAT AND MAN, W. C, Watson,# 
R, S. Gordon, Jr., and A, Karmen,* Natl, Insts. of Health, 
Bethesda, Md. 

The metabolism of ricinoleic acid (12-OH-oleic acid) 
was studied following the administration of castor oil 
(approximately 90% ricinoleic) to rats and men, The acid 
was quantified in lipid extracts by gas chromatography, 
Absorption in man was also studied by the use of Tit 
labeled castor oil, 

Following administration of 1 ml, castor oil to rats by 
stomach tube, ricinoleic acid was found in thoracic duct 
lymph lipids, After chronic feeding of a diet containing 
20% castor oil to young rats, 9% of the fatty acids of 
epididymal fat pads was found to be ricinoleic, 

T131 castor oil was well absorbed by man if given as a 
tracer dose, but poorly if incorporated into a purgative 
dose, Balance studies with unlabeled oil, given to humans 
in purgative or sub-purgative amounts, showed that some 
ricinoleic acid may either be absorbed or altered in the gut, 





Physiology 

SMALL INTESTINAL RESECTION AND FAT ABSORPTION. 
Frank Gump*, Robert Beals* and Harold G. Barker. Dept. Surg., 
Columbia U. Col. Phys. & Surg., and Presbyterian Hosp. , N.Y. 

Opinions differ on the site of maximum fat absorption in the small 
intestine. Three groups of dogs were prepared so that either the 
proximal, middle or distal 50% of the small intestine was resected, 
The dogs were fed J131 labeled neutral fat and then labeled fatty acid 
before operation and again 2 months post operatively. Blood samp- 
les were tested for radioactivity and 72 hr. stools were similarly 
examined. The dogs tolerated 50% resections very well and the 
post-operative weight curves failed to distinguish between the 3 lev- 
els of intestinal resection. The fecal radioactivity was also similar 
in all three groups of dogs. However, resection of the proximal 50% 
of the small bowel (jejunectomy) caused a marked decrease in the 
plasma radioactivity curves (up to 8 hrs.) when neutral fat was ad- 
ministered but when fatty acid was given the curves were no differ- 
ent than the pre-operative ones. The dogs with middle and distal 
resections had absorption curves that did not differ significantly 
from the pre-operative values with either fat or fatty acid. It is 
concluded that rapid absorption of neutral fat takes place in the je~- 
junum while fatty acid absorption is not as well localized. (Suppor- 
ted by USPHS grant RG 2926-C9). 
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Physiology 


OF NIACIN AND HYODESOXYCHOLIC ACID IN RATS ON THE 
fecAL EXCRETION OF END PRODUCTS OF CHOLESTEROL METABOLISM 
¢.$.Narayana Setty*, Dept. of Clinical Sci., Univ. of 
Tll-, Chicago. 

We have reported that niacin did not have any effect 
on the fecal elimination of the unsaponifiable, unsaponi- 
fiable nondigitonizable, and bile acid fractions in rats. 
§ince the corn oil in the diet may have masked the re- 
gults, the experiment was repeated without corn oil. 

Group I was fed our usual basal diet containing 50 mg 
cholesterol. Group II was fed the same diet plus corn 
oil isocalorically. Group III was fed the Group I diet 
plus 1% niacin. On the first of the last four days 0.2uc 
cholesterol-4-Cl4 was included in the diet of all groups. 
The feces were collected for 96 hours and separated into 
the fractions referred to above. Corn oil decreased the 
excretion of the unsaponifiable fraction but niacin had 
no effect. The corn oil increased the excretion of the 
wusaponifiable nondigitonizable fraction, but niacin did 
not. The corn oil increased the excretion of the bile 
acid fraction; so did niacin. Similar experiments per- 
formed with hyodesoxycholic acid on the basal diet with 
oleic acid and cholesterol increased the excretion of 

the unsaponifiable fraction and decreased the unsaponi- 
fiable nondigitonizable fraction. 


Physiology 


COMPARATIVE ABSORPTION OF SQUALENE AND CHOLESTEROL. 
R. Suzuki*, Dept. Clinical Sci., Univ. of Illinois, 
Chicago. 

Squalene (C30H..) is a long chain unsaturated hydro- 
carbon. In the natural state it is acylic and all its 
double bonds are trans. When the chain is folded and 
fused into all-trans rings, it may be biosynthetically 
converted to lanosterol and the latter to cholesterol. 
Because of differences in chemical structure and solu- 
bility the absorbability of squalene and cholesterol 
have been compared by using the balance method. The 
endogenous fecal elimination of "hydrocarbon" and 
“digitonin precipitable" sterol was determined in 11 
rats fed a sterol free synthetic diet containing 6% 
oleic acid by weight. Then squalene (61 mg) and cho- 
lesterol (50 mg) was added daily for two additional 
dietary periods of seven days each. It was found that 
an average of 43.7% of the squalene and 60.3% of cho- 
lesterol was absorbed, the difference being definitely 
significant. 


Biochemistry 


FATTY ACID ACTIVATION AND GLYCERIDE SYNTHESIS BY SUBCELLULAR 
PARTICLES OF RAT INTESTINAL MUCOSA, John R. Senior* and 
turt J. Isselbacher, Massachusetts General Hospital and 
larvard Medical School, Boston, Massachusetts. 

Long chain fatty acids, labelled with Cl4, are incorporated 
into glycerides during intestinal absorption and undergo the 
primary step of activation to acyl-CoA derivatives catalyzed 
by the microsomal fraction of rat gut mucosal homogenates, as 
thon recently in this laboratory. Problems were encountered 
because of impurity of the particulate fractions and loss of 
(zyme activity. Mixing due to agglutination of the particles 
tedimented from electrolytic solutions, such as 0.154M KCl, and 
slitting of sucrose into fructose and glucose by the active 
intestinal epithelial sucrase, made necessary the search for 
other media. Homogenization and centrifugation in isotonic 
Monitol was found to allow separation of cell particles with 
télatively acceptable purity. Nuclei were assayed by DNA, the 
titochondria by cytochrome oxidase, and microsomes by both RNA 
ind alkaline phosphatase. Fatty acid thiokinase activity, in 
the presence of supplemental CoA, ATP and Mg, was maximal in 
tcrosomes, while the formation of neutral fats, mainly as the 
triglycerides, was enhanced by the addition of mitochondria. 
Marticipation of these cell organelles in the process of free 
fatty acid absorption appears to shed some light on the basic 
Mchanism of intestinal fat transport. 
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Physiology 


ADMIXTURE OF ENDOGENOUS PROTEIN WITH INGESTED 
PROTEIN IN DIGESTIVE TRACTS OF DOGS AND RATS. 
E.S. Nasset and Jin Soon Ju. Univ. of Rochester, 
School of Med. & Dent., Rochester, N.Y. 

Dogs with ptionessontecs were fed test meals 
containing cl4. labeled casein and gut contents 
were aspirated continuously for 10 hours. Test 
meals containing labeled casein were fed by 
stomach tube to rats which were sacrificed at 1,2 
& 4 hours after feeding. All samples were 
analyzed for total N & cl4, Assuming that the 
ratio C**/N for casein remained constant during 
digestion the results of the analyses show: (1) in 
the dogs jejunum the N of ingested protein was 
mixed with more than three times its mass of 
endogenous N, (2) in the rat's small intestine 
the dilution of ingested N with endogenous N was 
6-8 fold. 





Nutrition 


PROTEIN DIGESTIBILITY AS AFFECTED BY DIETARY PROTEIN AND 
CARBOHYDRATE. B, E. Rutherford* and D. C. Cederquist, 
Michigan State University, East Lansing, Mich. 

The apparent digestibility of protein for rats was 
examined by feeding diets containing one of three levels of 
casein: 40%, 20% and 10%. At each level of protein, two 
types of carbohydrate, alphacel or dextrin were also included 
in the diet at levels of 40%, 20% and 10%, The overall 
effect of decreasing the protein content of the diet was to 
decreese significantly the apparent digestibility of the 
protein. However, at any designated dietary protein level, 
the effect of increasing the amount of alphacel or dextrin 
was also to lower the digestibility of the protein. Alphacel 
was more effective in this respect than was dextrin. 
Therefore, the assignment of a single digestibility figure 
te a given protein may be cuestioned, since the apparent 
digestibility of protein is influenced by many dietary 
conditions. 


Nutrition 


EFFECT OF DIET ON BLOOD AMINO ACID CONCENTRATIONS. C. 
Peraino* and A, E, Harper, Dept. of Biochemistry, Univ. of 
Wisconsin, Madison 6, Wisconsin. 

The concent.‘ations of certain free amino acids in the 
portal and systemic blood plasma of rats were determined at 
intervals after feeding various diets, using a modification 
of the paper chromatographic method of Levy (Nature 174: 

126, 1954). When the diet contained 50% of casein the 
concentrations of valine, proline, and leucine-isoleucine in 
the portal plasma increased much more above the fasting 
values than did the glutamic acid concentration, although the 
glutamic acid content ofthe diet was higher. When equal 
weights of isoleucine and glutamic acid were given separately 
the glutamic acid concentration in the portal plasma increased 
about 2-fold, while that of isoleucine increased about 10- 
fold. The alanine concentration in the portal plasma rose 
much more when the diet contained only 6% of fibrin than when 
it contained 50% of casein or gelatin. Substantial increases 
in the concentrations of amino acids in the portal plasma 
were accompanied by similar, but generally smaller, increases 
in their concentrations in the systemic plasma. The 
concentrations of phenylalanine, serine and threonine did not 
deviate appreciably from the fasting values in any of the 
trials. 








181 GASTROINTESTINAL—Digestion; Absorption—Other 
substances Pharmacsiogy 


INTESTINAL ABSORPTION OF L~TYROSINE DERIVATIVES. K.C.Huang. 
Univ. of Louisville, School of Med. Louisville, Ky. 

Studies of the renal excretion of L-tyrosine derivatives 
have shown that L-tyrosine and its monosubstituted deriva- 
tives were reabsorbed and the 3,5-disubstituted derivatives 
were secreted by the renal tubules. The present investigation 
extends the studies to the intestinal absorption of these 
compounds, Everted intestinal sacs of hamster were used. 

They were incubated with glucose-Krebs bicarbonate buffer 
solution for an hour. The glucose concentration ratio was 


used to justify whether the sac was functioning satisfactorily 


or not. Thirteen derivatives of L-tyrosine were studied. 
It was found that L-tyrosine, 3-NH>-, 3-I-, O-methyl- and 
3, 5-dichloro-tyrosine were absor from mucosal to serosal 
side against a concentration gradient, while N-2,3,5-tri- 
iodo-benzoyl-tyrosine and eight of the 3,5, disubstituted 
derivatives of L-tyrosine were not transported across the 
mucosal membrane. These 8 disubstituted compounds were: 
diBr-, di-I-, di-NO2-, N-acetyl-di-I-, O-acetyl-N-acetyl- 
di-I-, O-methyl-di-I-, Necarbethoxyl-di-I, and O-methyl-N- 
acetyl-di-I-tyrosine. These studies lead us to conclude that 
there is a similarity between the renal tubular reabsorption 
and intestinal absorption. However, the intestinal mucosa 
does not secrete as the kidney does. 

(Supported by a grant of U.S.P.H.S. A-2217) 


182 GASTROINTESTINAL—Motility 
Physiology 


A STUDY OF GASTRIC AND DUODENAL MOTILITY WITH THE FIBERSCOPE. 
Basil |. Hirschowitz and John A. Balint * Univ. of Ala. Med. 
Center, Department of Medicine, Birmingham, Alabama. 

The principle of fiber optics has been applied to the 
production of a completely flexible endoscopic instrument. 
Light transmission is sufficient to allow color photography. 
Color cine films have been taken of the pyloric antrum and 
its motility compared to that observed in tne duodenal bulb. 
The observations made on more than 100 patients have clearly 
demonstrated the presence of a sphincter at the apex of the 
duodenal bulb. This sphincter closes completely in normal 
subjects, its closure, however, is never complete in patients 
with chronic duodenal deformity. in patients who have under- 
gone Billroth II type subtotal gastric resection, peristaltic 
waves can be observed arising from the lesser curvature of 
the stomach and moving toward the stoma. in patients with- 
out dumping symptoms, the stoma can be observed to close, 
whereas in patients with dumping symptoms the stoma never 
closes completely. The presence of a sphincteric mechanism 
at the apex of the duodenal bulb has been demonstrated. its 
efficiency is impaired in chronic duodenal deformity. A 
sphincteric mechanism has also Keen shown to exist at the 
gastroenterostomy stoma after subtotal gastrectomy. The 
competency of this sphincter may be important in the etiology 
of the dumping syndrome. 





Physiology 


A METHOD FOR SIMULTANEOUSLY RECORDING ELECTRICAL AND MECHANI- 
CAL ACTIVITY OF THE INTESTINE. Alexander Bortoff.* 
Western Reserve Univ. School of Med., Cleveland 6, Ohio 
Monophasic slow waves and spikes can be recorded from seg- 
ments of cat jejunum in a volume conductor if the recording 
electrode (a saline-filled pipette) exerts a pressure of at 
least 2 gm, on the tissue. The configuration and polarity of 
the slow waves are similar to those recorded intracellularly. 
By attaching the recording electrode to a strain gauge trans- 
ducer, records can be obtained of both pressure exerted by the 
electrode and contractions of the intestine in the region of 





the electrode. The technique is especially suited to the study 


of drug effects on the electrical and mechanical activity of 
intestinal segments, Adrenalin has been found to abolish both 
spike activity and contractions and to increase the membrane 
potential without altering the amplitude of the slow wave. 
Acetylcholine (ACh) and Ba*t have the reverse effect. Circu- 
lar mscle, which normally does not generate slow waves, 
responds to very large concentrations of ACh (103 x larger 
than necessary to excite longitudinal mscle) by a prolonged 


depolarization accompanied by spiking. At lower concentrations 


spiking is induced only if tension is applied to the mscle 
after addition of ACh. This suggests that circular mscle is 
normally activated by the combination of ACh and tension pro- 
duced by longitudinal contractions, 
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Physiology 
PACEMAKER FUNCTION OF THE SMALL INTESTINE. R. Hasselbrack* ang 
J.E. Thomas. Dept. of Physiol., College of Medical Evangelists, 
Loma Linda, California. 

The gradient of rhythmicity was studied on 5 unanesthetizeg 
dogs prepared with duodenal fistulas. Rhythmic contractions 
were recorded from the small intestine by a smail rubber bal]. 
oon passed through the fistula and allowed to move along the 
whole length of small intestine. The frequency of contractions 
was seen to decrease in a stepwise manner as the distance frog 
the pylorus increased. The rate of contraction varied from 1§ 
to 19 per min. in the duodenum to 14 to 15 per min. in the 
ileum. The effects of cold, applied above or below the level 
of the fistula, on the frequency of contractions at various 
levels were studied. The duodenum was locally cooled by apply. 
ing water through a multi-perforated tube or by circulating 
water through a balloon attached to the end of a Miller-Abbott 
tube. During cooling the average frequency of contractions re- 
corded at 50, 100 and 150 cm from the fistula for five dogs 
decreased 3.5, 2.6 and 1.7 beats per minute, respectively. 
Changes in rectal temperature were insignificant. In other ex- 
periments the excised small intestine was cut into 5 cm seg- 
ments and the contractions recorded while in oxygenated Locke's 
solution. In these, contractions varied from 12 to 13 in the 
duodenum to 7 to 8 in the ileum. The results support the hypo- 
thesis that the intact intestine is driven by a pacemaker. 
Supported by NIH grant no A-1445 C3. 


Physiology 


EFFECT OF BILE SALTS ON CANINE GASTRIC MOTOR ACTIVITY. R. 7, 
O'Kell*, H. S. Louckes and J. P. Quigley. Univ. of Tenn. Med, 
Units, Memphis, Tenn. 

Bile salts have been suggested to be the mediator for 
the inhibition of gastric function by fats. Using the in- 
ductograph method of Louckes, Quigley and Kersey (Am. J. 
Physiol., 199: 301, 1960) and well-trained, unanesthesized 
dogs, we recorded the motility of the distal pyloric antrum 
and of the pyloric sphincter in response to I.V. administra- 
tion of dehydrocholic acid (50 or 100 mg/kg) or canine gall 
bladder bile (0.25 or 0.50 cc/kg). The administration of 
these agents, in the above doses, resulted in the motor pat- 
tern associated with nausea and/or vomiting. (Louckes and 
Quigley, Am. J. Physiol., 183: 61, 1955). There is first 
complete inhibition of motor activity which is followed by au 
abrupt increase in the tone of the pyloric spincter area. 
Superimposed on this increased tone are several tetanic con- 
tractions. This is in contradistinction to our observations 
that inhibition of gastric motor activity for several minutes 
is produced by fats in the upper small intestine. Bile salts 
appear to be threshold substances, in that doses less than 
those required to produce nausea and/or vomiting have no 
effect on the motor activity. (Supported by a research grant 
from the USPHS, AL-176).) 





Physiology 


THE EFFECT OF INTRADUODENAL FAT ON PYLORIC ANTRUM AND PYLORIC 
SPHINCTER MOTOR ACTIVITY. H. S. Louckes, J. P. Quigley and 
R. T. O'Kell*. Univ. of Tenn. Med. Units, Memphis, Tenn. 
The motor activity of the pyloric antrum and pyloric 
sphincter of well-trained, unanesthetized dogs was recorded 
by the Inductograph method (Am. J. Physiol., 199:301, 1960). 
Following a 10-15 minute control period 19 ce amounts of 
cream (diluted 1:1 with saline); olive oil emulsion (0.85 ce 
olive oil, 0.85 cc Tween 80; 8.3 cc saline) or oleic acid 
emulsion (0.85 ce oleic acid, 0.85 cc Tween 80, 8.3 cc saline) 
were injected slowly over a 2 minute period into the duodenum 
through a cannula. The rhythmic contractions of the pyloric 
antrum and pyloric sphincter were either completely inhibited 
or the amplitude suppressed within 30-120 seconds following 
onset of fat instillation. The onset of inhibition occurred 
approximately simultaneously in the two regions. The inhibi- 
tion persisted for approximately )-18 minutes and was more 
prolonged following oleic acid than neutral fat. The tone 
was either unchanged or decreased during the period of in- 
hibition. The instillation of saline or Tween 80 into the 
duodenum produced little or no alteration of the sphincter 
or antrum motor activity. (Supported by a USPHS grant- 
No. AL-176).) 
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Physiology 
que EFFECT OF INSULIN INDUCED HYPOGLYCEMIA AND REVERSAL 
OF HYPOGLYCEMIA BY GLUCOSE ON THE MOTOR ACTIVITY OF THE 
FULLY INNERVATED PART OF THE STOMACH AND HEIDENHAIN POUCH 
oF DOGS. Stanley H. Lorber and Harry Shay. Fels Research 
Inst., Phila., Pa. 

Motor activity of the fully innervated stomach and 
feidenhain pouch of 4 trained dogs was studied by a bal- 
loon method in response to intravenous administration of 
insulin. In 11 experiments, motor activity in the stom- 
ach was stimulated and that in the pouch depressed after 
an average latent period of 24 min. The duration of 
effect was longer for the stomach(av. 99 min.) than for 
the pouch(av. 40 min.). In 3 of 6 experiments a second- 
ary increase in motor activity of the stomach occurred 
during the third hour. In 6 additional experiments, 5% 
glucose administered intravenously(4 to 12 ml./min.) at 
the height of the hypoglycemic motor effect, reversed the 
motor effects produced by the hypoglycemia. Motor activ- 
ity in the stomach was depressed by glucose after an aver 
age latent period of 2 min. while stimulation of motor 
activity occurred in the pouch after an average latent 
period of 6 min. If glucose was administered for 30 min. 
and stopped, motor activity in the stomach and pouch 
returned toward basal levels. 


Physiology 


woroR AND RLECTRIC / ACTIVITY OF THE GASTRODUODENAL JUNCTION. 
larley Ce Carlson, * * and Charles F. Code. 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 

The sequence of events at the gastroduodenal junction was 
studied in dogs by simultaneous pressure, cineradiographic 
and electric recordings. The type II wave of the pressure 
recordings was identified as a ring of contraction moving 
in a peristaltic manner into the antrum. It ended in a 
simultaneous contraction of the terminal segment of the 
antrum. As the type II contractions entered the antrum, 
the pyloric canal was open. It closed simultaneously with 
the contraction of the terminal antrum. A burst of duodenal 
motor activity customarily started just before the terminal 
antral contraction. The basic electric rhythm of the antrum 
ws 5 per min. Its rate of conduction was 0.5 cm/sec. in 
the proximal antrum and 2.5 cm./sec. in the terminal antrum, 
where the contraction appeared to be simultaneous. A 
disturbance in the electric recording was associated with 
each type II contraction, and it bore a relatively fixed 
temporal relationship to the basic electric rhythm. 
(Supported by Grant A-2015 from the Public Health Service.) 


Pharmacology 


INVITRO CIRCULAR AND LONGITUDINAL MUSCLE 
ACTIVITY DIFFERENCES IN FROGSTOMACH. Martin W. 
Williams. College of Med., Univ. of Vermont, Burlington, Vt. 
Observations of the spontaneous activity of a new ''L'' 
shaped preparation, taken from the wall of the stomach of Rana 
pipiens so as to retain the integrity of the junctional myenteric 
plexus, indicates differences between the longitudinal and cir- 
cular components. These differences are not only physiologica 
inthat the spontaneous rate of the circular component is 2.02 
times that of the longitudinal component, but extend into the 
pharmacological realm as well, where differences in activity 
patterns after hypoxia, pH changes, epinephrine and other 
drugs may be noted. In general, the activity patterns of the 
circular component are more labile to the effects of. various 
agents than the more stable longitudinal component. Hypoxia 
inmost preparations results in earlier depression or loss of 
activity inthe circular component, with less effect on the longi- 
tudinal component, Similar effects are noted inthe case of epi- 
tephrine as wellas with lowered pH. The use of 95%O2, 5%CO2 
inthe aeration medium results in immediate stoppage of all 
activity in both longitudinal as well as circular components. 
(Supported by National Science Foundation Grant G-7018.) 
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Physiology 
LOCALIZATION OF BILE ACID ABSORPTION FROM THE SMALL INTESTINE 
OF THE GUINEA PIG. Leon Lack” and 1, M, Weiner®. Johns 
Hopkins Univ., Sch. of Medicine, Baltimore 5, Md. 

In previous in vitro studies with the everted gut sac 
technique we have shown that bile acids are actively trans- 
ported from the mucosal to the serosal side. This active 
transport was limited exclusively to the most distal one 
fourth of the small intestine of rats and guinea pigs. The 
present studies were designed to ascertain whether bile acid 
absorption occurred in vivo from comparable segments of the 
small intestine. Taurocholic acid (6 mg) was introduced into 
tied-off segments of the small intestine (in situ) of ether 
anesthetized guinea pigs. Bike was collected from the cannu- 
lated common bile duct for 3 hours and assayed for the cholic 
acid derivative. When the intestinal segment included the 
ileum 50-83% of the taurocholic acid could be recovered in 
the bile. When this region was excluded from the intestinal 
segment, no taurocholate was detected in the bile. These 
findings are in complete agreement with our in yitro findings 
regarding localization of bile acid absorption. Other bile 
acids are under study. 


Biochemistry 


STANDARDIZATION OF THE DETERMINATION OF UROBILINOGEN AS URO- 
BILINOGEN-ALDEHYDE. Richard J. Henry,* S, L. Jacobs* and Sam 
Berkman.* Bio-Science Res. Fdn., Los Angeles, 

veral preparations of urobilin and stercobilin were inves- 
tigated with regard to their value as standards for the deter- 
mination of urobilinogen and urobilin in biologic specimens, 
Products of commercial origin were found to be impure and 
therefore unsuitable for this purpose. Mean absorptivity (A 
per mg per ml at 190 m) for the samples dissolved in 3% HCl 
in methenol was 0,152, calculated for free pigments. Mean ab- 
sorptivities of the chromogens as urobilinogenealdehyde in the 
"semiquantitative" and "quantitative" methods of Watson and 
coworkers were 0,111 and 0.125, respectively (A per mg per ml 
at 562 m). The addition of ascorbic acid to filtrates ob- 
tained from ferrous hydroxide reduction of the pigments ef- 
fectively prevented reoxidation. Spectra of urobilinogen- 
aldehyde, phenolsulfonphthalein, Pontacyl dye mixture and 
phenolphthalein were compared. Phenolsulfonphthalein is re- 
commended as the artificial standard of choice because its 
spectral curve is closest to that of urobilinogen-aldehyde and 
hence results are least influenced by the filter or spectral 
band-width employed. A 0.20 mg per 100 ml solution of phenol- 
sulfonphthalein in 0.05% NaOH was found to be equivalent to 
0.346 mg and 0.307 mg chromogen per 100 ml of solution read in 
the two respective methods. 





Biochemistry 


STUDIES OF MAMMALIAN BILIVERDIN REDUCTASE+ John W. Si on* 
and Leonard Laster.* Nat'l. Inst. of Arthritis and Metabolic 
Diseases, Bethesda, Md. 

Mammalian degradation of heme to bile pigments involves the 
reduction of biliverdin to bilirubin. It is known that com- 
pounds such as ascorbic acid reduce biliverdin non-enzymati- 
cally. In 1936 Lemberg and Wyndam demonstrated that washings 
of guinea pig liver brei catalyze the enzymatic reduction. 

We have now shown that homogenates of guinea pig liver cata- 
lyze the reduction of biliverdin to bilirubin by reduced pyri- 
dine nucleotides. Enzyme activity was assayed by determining 
the rate of decrease of absorption by biliverdin at 670m. 
Reaction rate was linear for at least ten minutes and enzyme 
activity was proportional to protein concentration under the 
conditions of the assay. The enzyme, biliverdin reductase, 
occurs in the soluble fraction of homogenates and is inacti- 
vated by heating at 100 C. for 1 minute. Fourfold purification 
from homogenate supernatant solutions has been achieved, and 
it has been shown that DPNH and not TPNH is required for the 
reduction. The purified preparation is markedly inactivated 
by freezing and thawing. The demonstration of a DPNH-depend- 
ent biliverdin reductase in mammalian liver suggests to us 
that, even though compounds present in the body can reduce 
biliverdin non-enzymatically, during the physiologic formation 
of bile pigments this step is under enzymatic regulation. 








Pathology 


EXPERIMENTAL CHOLANGITIS AS A CAUSE OF INTRAHEPATIC CHOLE- 
STASIS. Stanley Goldfarb*, Edward J. Singer* and Tibor 
Barka*. Dept. Path., Mt. Sinai Hosp., New York, N.Y. 
Inflammatory obstruction of intrahepatic bile ducts by the 
drug alpha-naphthyl-iso-thiocyanate (ANI) reported by Eliakim, 
Elsner and Ungar, appeared a model for the study of the mech- 
anism of intrahepatic cholestasis by comparing structural 
lestons with flow rate and composition of bile. Within 24 
hours of a single large oral dose of ANI, the epithelium of 
septal ducts became necrotic, sloughed and filled the duct 
lumina. This resulted In stoppage of bile flow and rise in 
serum bilirubin. Recovery was marked by compensatory excre- 
tion of bile and biliary substances. With continuous feeding 
of smaller doses of ANI, bile flow gradually dropped and 
serum bilirubin rose. By 2 weeks bile flow ceased. At that 
time the interlobular bile ducts were obstructed by granu- 
lomata. Later, despite continued AN! feeding, the granulo- 
mata regressed and conspicuous hydrocholeresis set in. 
During the hydrocholeretic phases of both acute and chronic 
experiments, the trihydroxy to dihydroxy bile acid ratio was 
reversed. Some cases of human drug induced jaundice may have 
similar pathogenesis. 

(Supported by USPHS Graduate Training Grant 26-115 and NIH 
Grant No. A-3846.) 








Pathology 


BILIARY CHOLESTEROL DEPOSITS IN GROUND SQUIRRELS AND PRAIRIE 
DOGS. D.E. Patton*, K. Plotner*, G.E. Cox*, C.B. Taylor. Evan- 
ston Hosp. Evanston, Ill. & Northwestern U. Med.Sch., Chicago. 
In a preliminary study, ground squirrels (genus Citellus) 
and prairie dogs (genus Cynomys) were maintained on a 50% egg 
yolk/50% monkey ration (Dietrich and Gambrill, Frederick, Md.) 
for 12-15 months. Of 11 ground squirrels, 8 showed grossly 
visible cholesterol deposits in the gallbladder and bile duct; 
of these 8, 3 contained multiple distinct, firm, rounded stones 
of 0.3 to 2 mm diameter which consisted largely (more than 70% 
of cholesterol; 6 of the 8 animals contained moderate to dense 
"sludge"-like accumulations of crystals which microscopically 
and chemically were cholesterol also. Of 17 prairie dogs, 2 
contained definite stones in the gallbladder, and 6 contained 
moderate to dense accumulations of cholesterol crystals in the 
gallbladder and bile duct. About half of the ground squirrels 
and nearly all of the prairie dogs showed marked elevations 
(2-3 to 15-20 fold) of serum total cholesterol. Bile analyses 
are in process. There appears some likelihood of moderate 
serum cholesterol elevation (and possibly even gallstone for- 
mation) in ground squirrels fed a basal low cholesterol diet, 
possibly reflecting metabolic adaption to hibernation. From 
this initial experience we believe that these species may be 
very valuable for experimental studies on gallstone formation. 
(Supported by a grant from Ames Co., Inc. Elkhart, Indiana) 





Pathology 


ON ETIOLOGY OF GALLSTONES, D.M. Nicoloff*, W.O. 
Griffen, Jr.*, S.L. Wangensteen*, K.Imamoglu*, and O.H. 
Wangensteen, Surg. Dept., Univ. of Minn., Minneapolis. 
Experimental incomplete obstruction of the choledochus is 
attended almost regularly by the appearance of gallstones in 
the rabbit gallbladder. If the g.b. is excised, incomplete ob- 
struction leads to formation of stones in the common bile 
duct. Stones form in the absence of infection and reflux of 
pancreatic juice. By administering large doses of estrogen 
and progesterone to rabbits over a period of several months, 
formation of g.s. was noted in a high % of rabbits. Either 
hormone alone or intermittent adminis. fails to elicit g.s. 
production. Delay in g.b. emptying during the last trimester 
of pregnancy is well known. The effect of these gestational 
hormones upon the emptying of the cat's g.b. as well as upon 
man is being assessed. Observations are also underway in 
both dogs and cats to assess the influence of various types of 
gastric operations upon g.b. emptying time and upon g.s. 
formation (vagal and cholecystokinin factors). An atretic 
biliary papilla is frequent in patients with g.s. at surgery and 
at postmortem. (Support - USPHS and D. J. Cowling Fund.) 
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Nutrition 


EFFECT OF BILE ACID SEQUESTRANT ON SERUM LIPIDS, BILE ACIDS 

AND PRURITUS IN BILIARY CIRRHOSIS. Sami A. Hashim*and Theodore 

B. Van Itallie, St. Luke's Hosp. and Inst. Nutrition Sciences, Colum 
a Unive, New York, N.Y. 

An anion exchange resin (MK=135) capable of binding bile acids in 
the gut, thereby preventing their reabsorption, was used in treatment of 
4 patients with primary biliary cirthosis. All patients had hyperlipide- 
mia, bile acid retention and intractable pruritus. Prior to treatment 
serum total cholesterol ranged from 712 to 1478 mg% with greatly re~ 
duced esters. Serum total bile acids ranged from 10,4 to 14.2 mg% 
With resin treatment for | to 14 months, total cholesterol levels de- 
creased in three patients by 43-66%, Serum bile acids decreased in all 
subjects to 1.96.2 mg%. Marked relief of pruritus occurred in every 
patient, improvement paralleling decrease in serum bile acids. Inte» 
ruption of resin treatment in 3 patients was followed by retum of pruritu, 
bile acid retention, and hyperlipidemia, which reversed upon reinstitu- 
tion of treatment. MK=135 apparently acts by interrupting the enter- 
hepatic cycle of bile acids, promoting their fecal excretion. It is cen 
cluded that enteric sequestration of bile acids can be effective in re- 
lieving pruritus and reducing elevated serum levels of bile acids and 
cholesterol associated with primary biliary cirrhosis. 


Nutrition 


HE SEPARATION OF BILE ACID CONJUGALES BY ION EXCHANGE 
CHROMATOGRAPHY. B. A. Gordon,* A. Kuksis,* and J. M. R. 
Beveridge. Queen's Univ., Kingston, Ont., Canada. 

A simple and reliable method for the separation of bile 
acid conjugates in quantities ranging from a few milligrams to 
several grams has been developed utilizing ion exchange resins, 
A sample of bile previously defatted and deproteinized by 
standard methods was freed from pigment and amino acids by 
passage, in 70% ethanol, through a Dowex 50 cation exchange 
colum (H form). ‘the bile acid conjugates were recovered and 
adsorbed from an aqueous 25% ethanol solution on a Dowex-l 
anion exchange column (acetate form). After the colum had 
been washed with aqueous 25% ethanol, the glycine conjugates 
were eluted with 25% ethanol-0.05 N HCl and the taurine 
derivatives with 25% ethanol-0.5 N HCl. The elution of the 
conjugated bile acids was followed qualitatively by paper 
chromatography and quantitatively by a modification of the 
Pettenkoffer reaction. The identity of the bile acids and the 
amino ecids in these conjugates was verified, following 
hydrolysis, by paper chromatography. This method permitted a 
complete resolution of the glycine and taurine conjugates. In 
addition, there was obtained an effective separation of the 
tri- and di-hydroxy cholanic acid derivatives within each 
group. Satisfactory fractionations have been performed on 
gallbladder bile from dog, ox, and man. 


186 GASTROINTESTINAL—Secretions—Gastric 
Physiology 


THE MECHANISM OF ACTION OF RESERPINE ON GASTRIC SECRETION, 
H. Schapiro* and E. R. Woodward. Dept. of Surgery, Univ. of 
Florida College of Med., Gainesville, Fla. 

Intravenous Reserpine has been shown to stimulate gastric 
secretion in dogs (Barrett, J. Pharm. and Exper. Therap. 
113:3, 1955). In an attempt to elucidate this mechanism we 
have performed the following surgical procedures on dogs: 
bilateral vagotomy, bilateral thoraco-lumbar sympathectomy, 
bilateral adrenalectomy, ablation of the gastric antrum, 
pancreas, spleen, small and large bowel, and spinal cord 
transection at Cj-C2 level. In each of the above studies, 
0.05 mg/Kgm of Reserpine, intravenously, caused a gastric 
hypersecretion. Neither Diamox, Atropine, Antreny!, Proban- 
thine or Hexamethonium caused any reduction in the gastric 
secretory response to Reserpine. This gastric hypersecretion, 
however, was abolished after the vertebral and common carotid 
arteries and the vertebral and the external jugular veins 
were ligated. Thus a neurohumoral substance might be impli- 
cated in the effect Reserpine has on gastric secretion. 
(Supported by NIH Grant A=2372) 
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Physiology 


A NEUTRAL PROTEIN-CARBOHYDRATE COMPLEX FROM CANINE GASTRIC 
qucus. Martin I, Horowitz™ and Franklin Hollander. G.I. 
Physiol. Res. Lab., Mount Sinai Hospital, New York, N.Y. 
Fractionation of acetylcholine mucus from Heidenhain 
pouches was undertaken to isolate hexosamine-containing macro- 
molecules with minimal degradation. The jelly was homogenized 
in borate buffer (pH 9.0) and subjected to fractional ethanol- 
ic precipitation. In 4 of 5 pools studied, the major portion 
of the hexosamine appeared in the 50-60% EtOH ppt. Sequential 
treatment of this fraction with carboxymethyl cellulose at pH 
5.3 and diethylaminoethyl cellulose at pH 8.8 consistently 
gave large amounts of unadsorbed protein and hexosamine. A 
complex of circa 70% protein and 30% carbohydrate was obtained 
from this non-adsorbed fraction by pptn. in 60% ethanol (pH 
7.0). The molar ratio of carbohydrate reducing power to hexo- 
samine was 2:1; total nitrogen to hexosamine was 11.6:1. 
Colorimetric assays showed the presence in this complex of 
appreciable amounts of fucose and negligible amounts of sialic 
and hexuronic acids. Both carbohydrate and protein remained 
essentially at the origin during paper electrophoresis (pH 
9,0 borate). Tests for human A and H blood group factors 
revealed 6 weak activity for both. [Grant C-288, N.C.I., 
U.S.P.H.S. J. 





Physiology 
THE HYDROGEN ION CONCENTRATION IN "“PARIETAL SECRETION". Mario 


Altamirano, J. Lawrence Werther” and Franklin Hollander. 6.1. 


Physiol. Res. Lab., Mount Sinai Hospital, New York, N.Y. 

A segment of the greater curvature of dog's stomach, with 
intact circulation, was mounted in a chamber with the mucosa 
upwards, as described elsewhere by M.A. Into this chamber 25 
ml of a test solution was introduced for periods of 30 mins. 
or less, at the end of which it was aspirated completely by 
gentle suction, and the concns. of H* and Cl” were determined. 
Test solutions were H20, NaCl, glucose, or glycine in various 
concns. Each experiment (31 in all) comprised 3 phases: (1) 
resting - no stimulus, (II) conditioned - intramuscular hista- 
mine every half hour, (IIL) free secretion - no test solution, 
same stimulus. The H* concn. of the primary acid secretion, 
conditioned by each test solution, was estimated from data of 
land Il. ‘This acidity was higher than that for free secre- 
tion in the same exp (135-164 meq/L, av. 152). Gastric 
mcosa bathed by these solutions puts out less water per eq. 
of HY than without them. Water output per unit time was pro- 
portional to log H* concn. of gastric contents. [Grants A- 
3945 and A-2290, N.I.H., U.S.P.H.S.; LW-Trainee in Gastro- 
enterology, U.S.P.H.S. Grant 2A-5126]. 


Physiology 


FASTING GASTRIC CONTENT IN UNRESTRAIN@D SPIDER MONKEYS AND 
MACAQUES. F.P.Brooks, F.M.Attinger* and G.Bjotvedt*. Dept. 
Physiol. ,Univ.Pennsylvania, Philadelphia, Penna. 

Gastric content was collected at hourly intervals from 
chronic gastric fistulae in 2 spider monkeys (Ateles) and 
2 macaques (macaca mulatta) for 24 hours. From 9:30 A.M. 
to 4:30 P.M. the mean pH of the spiders was 1.5 and 1.8, 
while that of the macaques was 3.6 and 7.4. During the 
temaining 17 hours, the mean pH of all 4 monkeys varied from 
6.2 to 7.2 with the exception of one of the spiders whose pH 
returned to a mean of 1.9 during the last 5 hours. Chloride 
concentrations in the macaques were 56 and 102 mEq/L. Chloride 
during the day in the spiders was 119 and 140 mEq/L and fell 
to 110 and 96 during the night. Hourly volumes of gastric 
content decreased also. Administration of 0.1 mg/Kg histamine 
base lowered the pH of the macaques to 1.4 and 2.5. All 
animals were fed routinely at 10:00 A.M.. The macaques were 
born in our animal colony and were 4 and 5 months old. The 
Spiders had been in the laboratory 5 months and 3 years. 
These results suggeszt daily variations in gastric content 
of spider monkeys such as previously reported in pouch 
content. (Physiologist 3: 30,1960) High pH values have been 
teported over shorter periods in the macaque. (Supported by 
Grant No.RG5007 C3, National Institutes of Health.) 
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Physiology 
PATHOGENESIS OF MANN-WILLIAMSON ULCER, Rene 
Menguy and Harold Mings *. Univ. of Okla. Med. Center 
and VAH, Okla. City. 

An increase in Heidenhain pouch secretion has been obser- 
ved after a Mann-Williamson (M-W) operation. This hyper- 
secretion has been attributed to loss of duodenal acid inhib- 
ition. To investigate this problem further, Heidenhain pou- 
ches were constructed in 4 dogs and 24 hour collections of 
pouch output were made over a 15 day control period. A 
short duodenal cuff incorporating both pancreatic and biliary 
ducts was then transplanted to the terminal ileum. Follow- 
ing this procedure, all dogs exhibited substantial gastric hy- 
persecretion. The latter disappeared after pancreatic and 
biliary juices were returned to the duodenum. In this prep- 
aration the major portion of the duodenum was left in its 
normal continuity. herefore, gastric hypersecretion char- 
acteristic of the M-W preparation is not due solely to ab- 
sence of duodenal acid inhibition. Loss of intestinal inhibi- 
tory mechanisms dependent upon proper digestion of food 
substances may be responsible. 


Physiology 


STRESS, EPINEPHRINE AND PEPTIC ULCER. A.S. Leon- 
ard*, DM. Nicoloff*, E.T. Peter*, N.H. Stone* and O.H, 
Wangensteen. Surg. Dept., Univ. of Minn., Minneapolis. 
The role of stress in peptic ulcer is well known. During 
stress an increase in circulating epinephrine occurs. A 
catheter was placed in the left gastric artery of dogs and 
brought out subcutaneously. Five groups of observations were 
made. Group I: 1 cc of 1:1000 epinephrine intraarterially 
daily. G.I: 1 cc of saline daily. G.I: 1 cc of 1:1000 epine- 
phrine i.a. + 30 mg histamine in beeswax I,M, daily. G.IV: 
1 cc of saline i.a. + 30 mg histamine in b.w. G.V: 1 cc of 
1:1000 epinephrine subq. + 30 mg histamine in b.w. Dogs sur- 
viving until the 6th day were sacrificed. Group I: 50% ero- 
sions. G.I: No ulceration. G. III: 100% ulceration with per- 
foration in 67%; all had hematemesis. G.IV: 16% small fundic 
erosions. G.V: No gastric ulcers; 67% duodenal ulcers. 
Similar experiments will be reported which substitute alcohol, 
pilocarpine, and caffeine for histamine. High levels of circu- 
lating epinephrine accompanied by active gastric secretion 
potentiate the peptic ulcer diathesis. (Support - USPHS and 
the D. J. Cowling Fund.) 





Physiology 
THE INTESTINAL PHASE OF GASTRIC SECRETION. N.H, 
Stone*, W.O. Griffen, Jr.*, D.M. Nicoloff*, N.S.R. Maluf, 
and O.H. Wangensteen. Surg. Dept., Univ. of Minn., 
Minneapolis 14, Minnesota. 

Local gastric hypothermia abolishes the cephalic and 
antral phases of gastric secretion without depriving the 
small bowel of its innervation or disturbing gastrointestinal 
continuity. In anesthetized dogs an opaque tip catheter was 
passed into the duodenum under fluoroscopy. During a four 
hour period of local gastric hypothermia, the normothermic 
intestine was perfused with saline, milk or peptone at a rate 
of 80 cc/hour. Normothermic Heidenhain or Pavlov pouches 
consistently elicited responses to milk and peptone per- 
fusion. Pouch innervation did not alter the response. Pepsin 
secretion was not stimulated in either pouch. Peptone was a 
much more active stimulant. Studies were carried out also 
on dogs with extracutaneously placed (Biebl) locos of mid 
jejunum. Gastric secretory responses were executed by the 
injection of milk or peptone into such loops. (Support - 
USPHS and the D. J. Cowling Fund.) 











Physiology 


INFLUENCE OF URETHANE ANESTHESIA ON THE EFFECT OF INSULIN 
HYPOGLYCEMIA ON GASTRIC SECRETION IN CHRONIC FISTULA RATS. 
S.P. Bralow*, S.A. Komarov and H. Shay, Fels Research 
Inst., Temple Univ. Med. Center, Phila., Pa. 

Three series, each consisting of 3 experiments of 6 
hrs. duration, on 4 rats were done: I.Basal Secretion; 
II. Effect of Insulin (.04 units per 100 gm. body wt.); 
III. Effect of Insulin on animals under light surgical 
anesthesia with 5% urethane by intracolonic administra- 
tion. Insulin was injected subcutaneously at the end of 
the second hr., the first 2 hrs. serving as additional 
controls. Results of the effect of urethane under basal 
conditions (Series I) were in full agreement with pre- 
viously reported data (Physiologist, Aug.,1960). Insulin 
alone (Series II) produced a significant increase of 
volume and total acid and pepsin output during the first 
2 hrs. after injection; the secretion gradually returned 
to basal levels during the subsequent 2 hrs. These ef- 
fects were inhibited by urethane (Series III); the sec- 
retion remaining at basal levels following insulin in- 
jection. This inhibition could not be explained by the 
degree of insulin hypoglycemia which was similar in ex- 
periments with and without urethane. These data suggest 
a possible influence of the cerebral cortex in the stimu- 
lation of gastric secretion by insulin hypoglycemia. 


Physiology 


THE EFFECT OF FEEDING ON EOSINOPHILE COUNTS IN THE 
GASTRIC MUCOSA. Rhoda Grant, Dept. Clinical Sci., 
Univ. of Illinois, Chicago. 

Stomache of adult male rats (6 sacrificed during 
digestion, and 6 during fasting) were fixed in cold 
absolute alcohol, embedded in paraffin, sectioned at 
7 mu, and stained with pinacyanol erythrosinate. 
Eosinophile counts were made in 60 glands (the unit 
selected) on sections from the corpus and pylorus, 
and divided into cells in the mucosa from the base 
of the glands upwards, and cells below the base of 
the glands in the adjacent muscularis mucosae. In 
the fasted group counts were made in 47 fields 
(2820 glands) in the corpus, and in 46 fieids (2760 
glands) in the pylorus: in the fed group, on 69 
fields (4140 glands) in the corpus, and on 51 fields 
(3060 glands) in the pylorus. The figures were 
analyzed statistically. Of statistical significance 
were (1) the higher counts in the corpus in the fed 
group compared to the fasted. (2) The higher counts 
outside the glands compared to inside the gland area in 


the pylorus in both the fed and fasted groups. During 
digestion eosinophiles increase in the mucosa. 
(Supported by USPHS grant no. A-3979) 

Physiology 


CHEMICALLY DETERMINED UPTAKE OF INTRAVENOUSLY INJECTED 
AMINOGUANIDINE BY VARIOUS ORGANS. C.B. Lawyer® and 

E. Lieber*, Dept. Clinical Sci., Univ. of Ill., and Dept. 
of Chem., Roosevelt College, Chicago. 

It was hypothesized that, like histamine, the uptake 
of intravenously injected aminoguanidine (AG) by the 
various organs might be correlated with their histaminase 
(HDO) concentration. A chemical method was devised for 
the extraction and determination of AG in blood and tis- 
sues. It consists of the direct titration of the amino- 
guanidine in the tissue extract with a standard iodate 
solution, the solution being added until the iodine color 
is discharged and the calculation being made on the basis 
of the assumption that AG is hydrolyzed to hydrazine and 
urea. The AG was given, a sample of blood being taken 
every min. for 10 min. At the end of 10 min. the rats 
and dogs were bled dry and the tissues removed and frozen 
with “dry ice". The tiasues were then thawed and extrac- 
ted. No or only a trace of AG was taken up by the lung 
of the rat and dog. The stomach of the rat but not the 
dog took up AG. The intestine and kidney of both species 
took up AG. Using the HDO activity found by Waton and by 
McHenry, a good correlation between AG uptake and HDO 
activity was found. 
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Physiology 
METHOD FOR PREPARATION OF A "GASTRIN" CONTAINING NO "Ppgp 
HISTAMINE". R. Wojciech* and A.C.Ivy, Dept. Clinical 
Sci., Univ. of Illinois, Chicago. 

Pyloric Imings (Pigs) were removed within 30 min after 
death, frozen with CO., dropped into boiling 0.12N-HC} (5 
vol.) The linings were ground, returned to the acid soly. 
tion, which was then filtered (gauze). The ground residu 
was extracted twice with 2.5 vol. of acid solution. The 
filtrates were combined and filtered (paper) or centri- 
fuged. 28 gm of NaCl was added to 100 ml of filtrate, 
The precipitate was collected, dried by fan (roughly 200 
gm from 50 linings) and "defatted" several times with a 
total of 10 to 15 vol. of 1 to 1 acetone and ether. The 
residue was dried and extracted with 20 vol. of (85 aj 
15% ethanol plus 15 ml 0.12 N-HCl). The ethanol was re- 
moved under reduced pressure at 38° C or less. The re- 
sulting aqueous solution and suspension was boiled placed 
in a sterile Visking casing and dialyzed against slowly 
running distilled HO for 16 hr. The precipitate (422) 
(about 1.5 gm) was Separated from the supernatant (pH 5) 
(A23) by centrifuge. Both fractions (A22, A23) were ac- 
tive in 6 consecutive fresh batches of 50 linings each, 
The yield was 150-300 dog units/50 linings. Bacterial ao- 
tion was avoided. A22 and A2} were free of histamine by 
blood pressure assay. See abstracts of Kato and of Yuses, 


Physiology 


CHROMATOGRAPHY OF CRUDE GASTRIN. iiideo Kato*, Dept. 
Clinical Sci., Univ. Illinois, Chicago. 

Crude gastrin (A23) as described in the abstract of 
Wojciech and Ivy was used. It had seen shown to con- 
tain no free histamine by blood pressure assay and to 
cause gastric secretion when repeatedly injected subcu- 
taneously or intravenously into 2 Heidenhain, 2 total 
pouch and 2 gastrostomy dogs each having been standar- 
dized to histamine. The product should not contain any 
free histamine because it was washed with almost satur- 
ated NaCl, 1 to 1 acetone-ether, and had been dialyzed 
(Visking casing). Paper chromatography using histamine 
as a control revealed that the product contains no 
"free" histamine. Other tests indicated that the 
active principle is either of large molecular size or 
attached to a substance of large molecular size. ry 
substance moving and staining like heparin was found in 
the product. 


Physiology 


CHEMICAL ESTIMATION OF HISTAMINE IN "GASTRIN". M. Yusen*, 
Dept. Clinical Sci., Univ. of Illinois, Chicago. 

"Gastrin", as concentrated by Ivy, Wojciech and Kato, 
was chemically examined for the presence of histamine by 
a new method consisting of a combination of the methods 
of McIntire and of Kantor. An amount of "gastrin" knom 
to be active when given intravenously or subcutaneously 
to several dogs, which had been standardized to a mininal 
secretory dose of histamine, was extracted with perchlo- 
ric acid (Shore). This solution was made alkaline, the 
Schiff base was produced and isolated by adsorption on 4@ 
cotton-acid-succinate column. After acid elution, the 
histamine was reacted with Sanger's reagent (DNFB) in al- 
kaline solution to yield DNP-histamine, the amount of 
which is determined colorimetrically. One secretorially 
active fraction of "gastrin", after being made alkaline 
(approx. pH 12), yielded by this chemical assay an amount 
of "histamine" equivalent to that amount of histamine re 
quired for a supraminimal secretory response. Another 
secretorially active fraction, yielded no evidence of tht 
presence of histamine. The results suggest that 
"gastrin" is histamine or a histamine-like compound loos? 
ly or tightly bound to another substance. 
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Physiology 


COMPARATIVE STUDY OF HISTAMINE AND HISTAMINE METABOLITES ON 
GASTRIC SECRETION. Tf. M. Lin, D., N. Benslay* and F. G. 
Henderson. The Lilly Research Laboratories, Indianapolis, 
Indiana. 

qwo histamine metabolites, N-Methyl- and N-Di-methyl- 
histamine, are found to be more potent than histamine on 
gastric secretion when administered orally, subcutaneously 
or intravenously to denervated pouch dogs. In vitro, N-Methyl 
and N-Dimethyl-histamine are not susceptible to the action of 
histaminase; unlike histamine, their action is not augmented 
by a histaminase inhibitor in vivo. Antihistaminics such as 
"penadryl", "Histadyl" and "Pyronil" block the actions of 
histamine and its metabolites on gut and blood vessels but 
do not block their effect on gastric secretion. Instead, 
the gastric-stimulating effect of histamine metabolites is 
augmented by anti-histaminics. It is hypothesized that 
histamine and the histamine metabolites act on the same re- 
ceptors abd that histamine is physiologically involved in 
"triggering" gastric secretion. 





Biochemistry 


STUDIES ON ACTIVE TRANSPORT BY GASTRIC MUCOSA. J.G.Forte*, 
4,H.Nauss*, M.C.Neville*, and R.E.Davies. Physiol. and Bio- 
chem. Depts., Univ. of Pennsylvania, Phila., Penna, 

Ratios of the net chloride flux (electric current flow 
plus HCl secretion) to the total oxygen consumption in isol- 
ated, short-circuited gastric mucosae of bullfrogs are freq- 
vently above 4, This proves the inadequacy of a simple redox 
pump hypothesis as the sole mechanism for active transport of 
chloride by gastric mucosa (Science, 18 Nov. 1960). 

Ethylenediaminetetraacetic acid (4mM) decreased the elec- 
trical resistance of the mucosa without affecting the short- 
circuit current, Both unidirectional fluxes of Cl-36 increased 
but the net flux remained the same. Anaerobiosis decreased 
the short-circuit current to 0 to 10% of the value obtained 
aerobically. The nutrient to secretory flux of Cl” decreased 
while the secretory to nutrient flux increased, the result- 
ing net flux similarly being 0 to 10% of the aerobic value. 

When NO3Z, Br“, or I” were substituted for Cl”, a short- 
circuit current similar to that found in Ringers solution 
was maintained for several hours. When these anions (or sul- 
fate) completely replaced chloride the mucosa continued to 
secrete acid, although at a somewhat reduced rate. Thus the 
stmach can secrete HBr, HI, HNO, and H2S0, as well as HCl. 
(Supported by grants from NIH cal the Pennsylvania Plan). 


Pharmacology 


PRISCOLINE STIMULATION OF GASTRIC SECRETION. 
Eugene D. Jacobson,** Captain, MC, Physiology Division, 
UArmy Med. Rsch. Lab., Fort Knox, Ky. 

Priscoline exerts histamine-like effects, cholinergic 
ations and adrenergic blockade. It is not clear which of 
these mechanisms accounts for its stimulatory effect on 
gastric secretion. In 5 dogs priscoline doubled the volume of 
gastric secretion in the resting and the hypoglycemic animal. 
larger increases in total acid production were recorded. 
During hypoglycemia, antazoline decreased gastric secretion 
fom levels obtained when priscoline was administered with- 
wtantazoline. Atropine diminished the gastric secretory 
tesponse to priscoline, the inhibition being greater during 
hypoglycemia than in the basal state. Norepinephrine infu- 
tins inhibited the stimulatory effect of priscoline, particu- 
larly during hypoglycemia. Priscoline stimulation of gastric 
ecretion was greater in the basal state but antazoline, atro- 
pine and norepinephrine more effectively opposed the stimu- 
latory action of priscoline in the hypoglycemic animal. It 
pears that priscoline exerts histaminic, parasympatho- 
timetic and adrenergic blocking actions in inducing gastric 
typersecretion. 











Pharmacology 
A METHOD FOR STUDY OF INTRAGASTRIC FOCAL PH. Joseph 
ed 


? , and Jaime Krawiec*. 
Hahnemann Med. Col. & Hosp., Philadelphia, Pennsylvania. 

A method is presented whereby the pH of the gastric 
mucesa at various sites is measured Quasi-simultaneously by 
the use of multiple intragastric electrodes. In various ex- 
periments one to three intragastric electrodes are introduced 
so that the pH of the gastric secretory pool is observed as 
well as changes in the gastric mucosa. The effect of various 
agents including antacids, anticholinergics, and histamine 
have been studied. These results demonstrate that the gastric 
pool can not be utilized as the sole reflection of gastric 
secretion and that various factors are operating, some still 
obseure, in contributing to the focal pH noted in the gastric 
pool. The use of focal pH may in the future add to our 
knowledge of gastric physiology and at present seems to be 
one of the better methods of studying anticholinergic and 
antacid effects. 


Pharmacology 

A STUDY OF THE ANTACID PROPERTIES OF A NEW ANTACID - MONALIUM 
HYDRATE. Jaime Krawiec*, Vincent Desiderio*, and Joseph 
Gambescia%. Hahnemann Med. Col. & Hosp., Philadelphia, Penna. 

This study comprises an evaluation of 40 patients in com- 
paring the antacid properties of a new antacid Hydrated Mag- 
nesium Aluminate with a conventional mixture of Magnesium 
Hydroxide and Aluminum Hydroxide. Monalium Hydrate is a 
chemical combination of Magnesium and Aluminum Hydrate, with 
the empirical formule (Mg(OH))4-((OH)1,A1(OH)(HO)A1(OH)4)- 
2H20. ‘Twenty patients were studied in each group, the groups 
being comparable in the amount of acid requiring neutraliza- 
tion in vivo. Seventy per cent of patients administered 
Hydrated Magnesium Aluminate maintained a gastric pH in vivo 
of 3.5 or greater for 30 minutes or more. Forty per cent of 
patients administered a conventional Magnesium Hydroxide- 
Aluminum Hydroxide mixture maintained an in vivo in the 
stomach on a weight per weight basis. 


Pharmacology 


ACTION OF GLYCOPYRROLATE (AHR-504) ON GASTRIC SECRETION IN 
DOGS. R. S. Alphin*, B. V. Franko* and J. W. Ward*, 
A. H. Robins Biol. Res. Labs., Richmond, Va, 

The effect of B-l-methyl-3-pyrrolidyl a-cyclopentylmandelate 
methobromide (glycopyrrolate) on acid secretion of pouch dogs 
was investigated. Doses of 0.1 mgm/kg, calculated as free 
base, administered orally one hour prior to feeding 200 gm of 
Pard to denervated pouch animals, completely inhibited free 
acid secretion for periods of two to four hours. Larger doses 
prolonged the duration of anacidity. Using 400 gm meals, oral 
doses of 0.5 mgm/kg produced a 60% inhibition in volume and a 
70% inhibition in free acid for five hours after the meal. 
Anacidity following the 400 gm meal was observed for an aver- 
age of two hours at doses of 1.0 mgm/kg. ‘The gastric response 
to 10 units of regular insulin was investigated in animals 
with innervated pouches. Glycopyrrolate, in oral doses of 1.0 
mgm/kg, caused a 72% reduction in volume and a 92% reduction 
in free acid. Complete inhibition of free acid was observed 
in one animal for five hours in 3 of 5 tests. In animals with 
denervated pouches in which gastric secretion was stimulated 
by subcutaneous histamine (30 microgm) at ten minute intervals 
it was found that oral doses of 1.0 mgm/kg would significantly 
reduce the volume response as well as the free acid output. 

It is concluded that glycopyrrolate is a potent anti-gastric 
secretory agent. 
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Pharmacology Pathology 
THE EFFECT OF DRUGS ON GASTRIC ULCERS PRODUCED BY THE ADMINI- Sy Ce & Oe ae u 
o> tits re . Gertrude M. Tyce,* George H. C, Stobie, 
SPMAFION OF POLIO 2- O-M. Norench end D: Au Bosse. | Grade HTaua*Seoraa 6» Sebda* ed Jase te ling | 
The subcutaneous injection of 10 mg./kg. polymyxin B sul- The large amount of 5-hydroxytryptamine (5-HT) in the 
fate in rats starved for 24 hours produced hemorrhagic lesions | sastrointestinal mucosa is thought to function in the t 
in the glandular portion of the stomach. A time-response regulation of gastrointestinal motility. Hypermotility of ts 
curve demonstrated that ulceration was evident as early as 30 the gastrointestinal tract occurs above an intestinal re 
minutes post-injection, while the peak of the effect occurred obstruction and is present also after hepatectomy or in by 
at two hours. At this time over 90% of the rats had gastric intoxicated Eck fistula dogs. 5-HT was determined fluoro- it 
lly in homogenates of pyloric, duodenal, jejunal and 
lesions. The mortality rate with subcutaneous injection was — » al 
less than 5%, as compared to that reported in the literature eal mucosae by the method of Weissbach, Waalkes and ti 
(Franco-Browler, S., Masson, G. M. C., and Corcoran, A. C.: Udentriend (J. Biol. Chem. 230:865, 1958) from these aad f 
’ , 2 Ed 3 0! 
J. Allergy, 30: 1-10, 1959) of 50% when a dose of 2 mg./kg. control dogs. Marked increases in the 5-HT content of the - 
was given intreperitoneally or intramuscularly. Antihiste- pyloric micosa of two to five times normal were found in nine 
tniy Gihatd oeevided of 10 dogs after intestinal obstruction and in seven of 10 Vv 
P protection against polymyxin B-induced 4 € nite : Aabiatne Sik € of 
ulcers. The protective doseso of cyproheptadine, chlorphenir- jogs after hepatectony; te increases were found in ty wi 
ehine maleate and pyrilemine maleate was 0.5, 13.5 and of three Eck fistula dogs. Only slight increases were found ‘i 
27-9 mg./kg., respectively. However, it wes not possible to in duodenal mucosa, and the jejunal and ileal mucosae were 
. . essentially normal. The 5-HT content of the gastrointesting] " 
prevent the ulcers by the use of anticholinergic drugs, since au 
neither atropine sulfate (64 mg./kg.), scopo methiodide mucosa of dogs after an external biliary fistula (control) was a 
(16 fxg.) noe Mini tian ae (32 “os ) ave similar to that of normal dogs. No changes were found in the 
7 ~ heed rnb rig a “ ~ 09 ih te, of a lie blood content of 5-HT or in the urinary excretion of by 
—_ a saa Ghana oni te pa hee Lymyx 5ehydroxyindole acetic acid. The 5-HT content of the brain ( 
@ecric 34 = . was not significantly altered in these animals. re 
Si 
190 GASTROINTESTINAL—Secretions-—Pancreatic 
Pathology Physiology 
THE ETIOLOGY OF ACUTE HEMORRHAGIC PANCREATITIS (AHP) IN REIA- 
POTASSIUM IN MECHOLYL-STIMULATED GASTRIC SECRETION IN DOGS. TION TO THE MECHANISM OF ACTIVATION OF PANCREATIC PROTEASES, TH 
J. Lawrence Werther* and Franklin Hollander. G.I. Physiol. Res. R.H. Eisenhardt*, G.W. Hartzell Jr.*, T. Kubista*and C,Himelt, OF 
Lab., Mount Sinai Hospital, New York, N.Y. Harrison Dept. Surg. Res., Sch, of Med,, U. of Pa., Phila,, Ap & 
Previous work indicated that K-conen. ([K]) of gastric AHP occurred in 100% of mongrel dogs when intermittent is- Vi 
juice rises abruptly following histamine injection, concomit- chemia to the pancreas by occlusion of the thoracic aorta or 
antly with acid efflux. This may reflect direct action of the superior mesenteric and celiac arteries for 30-1,0' was aw 
histamine upon gastric cell wall permeability to K ( as combined with introduction of bile into the pancreatic ducts sti 
opposed to secretion), since this phenomenon has been observed and duct ligation. Duct ligation with either bile injection or bi 
with various animals and tissues. Using Heidenhain and vagal ischemia had little effect. In 9 dogs 2-3 ml of fresh, homolo- ss 
pouch dogs, these exps. (26 in all) were repeated with gous gall bladder bile was injected at 40-80 em H20 pressure; vel 
mecholyl and histamine on different days. The concn.-time in 5 dogs bile entered the pancreas via an artificial commn act 
curves for K were similar for both stimuli - including the channel of vinyl tubing. Contents of the tubing were assayed Ans 
early rise in [K], its late fall below pre-injection level, for latent and free trypsin (T), chymotrypsin (Ch), and tryp- ail 
and eventual recovery - but the initial rise tended to be sin inhibitor (TI) activity. Initially, TI but little or m cor 
smaller and to occur less consistently with mecholyl. [K] was free T or Ch was found. After bile and pancreatic juice had ore 
poorly correlated with both acidity and vol.-rate. Time reacted, T and Ch appeared but TI was absent. Studies of the was 
curves for K-output likewise were similar with both stimli, enzyme Siationd oak involved suggest that during activation of par 
but correlation with acid output was high. Conclusion: pancreatic proteases: (1) enterokinase converts trypsinogen in- oce 
Exogenous histamine is not essential to this K-efflux, which to T; (2) T reacts with TI to form T-TI complex; (3) after try 
may represent a basic process associated with glandular, Sahénhehton with bile TI decreases and free T appears; and (h) or 
neural, or muscular stimulation in general. [Grant A-2290, T converts latent zymogens into active proteases. TI (2) is are 
N.I.H., U.S.P.H.S.; LW-Trainee in Gastroenterology, U.S.P.H.S. thought normally to protect the pancreas against premature ac- 
Greet 20-5126}. tivation (|) within the gland. When TI becomes depleted in 
damaged pancreas (ischemia) it is postulated that the emerging 
proteases (3,1) digest the parenchyma and AHP results. 
187 GASTROINTESTINAL —Secretions—Hormonal control 
Physiology Physiology 
THE NATURE OF THE LYMPHATIC FLOW RESPONSE TO SECRETIN AND RE- EXCITATION OF PANCREATIC SECRETION BY SOAP EXTRACTS OF INTES- SPE 
LATED HORMONES, Razin®, Morton G, Feldman® and David A, TINAL MUCOSA. M.H.F, Friedman, John Maylock* and Ronald Green* f {JF 
Dreiling, Mount Sinai Hospital, New York, N.Y. jens ihdas Dept. Physiology, Jefferson Med. Coll., Phila., Pa. (In 
The lymphatic flow through the thoracic duct in dogs and Extracts of intestinal mucosa prepared with soap solutions 3 
men increases following the i.v, administration of Secretin, rather than acid yield a potent pancreatic secretory stimulant. tha 
This added lymph flow was felt to originate in the pancreas, In This was first reported by Fleig in 1903. Non-saponic alkaline thi 
order to verify this assumption the cervical thoracic duct was extracts similarly prepared are inert. Active preparations can of | 
cannulated in 10 anesthetized dogs and the lymph flow was mea- also be prepared from soap perfusates of intestinal loops in pect 
sured Before and after the administration of Secretins of various| unanesthetized dogs. Active preparations differ from secretin age 
purities (preps. by Vitrium, Lilly, and Boots Co.), Cholecystoki-| in that pancreatic secretion evoked in the unanesthetized dog 3564 
nin end Pancreozymin,These studies were repeated following pen- with permanent Thomas intestinal cannula is high in enzyme on 
createctomy,duodenectomy,and excision of the entire small intest-| content and readily blocked by atropine. In the dog, cat, and by 
ine,in combination with or following each other in varying order,| pig the active principal is limited in distribution to the 52, 
It was found that flow responses, when present, persisted unchanged | duodenum and jejunum. The extract is effective only by intra- he 
after pencreatectomy, but were abolished after excision of the venous route, equally well by systemic as by portal vein. No ts 
entire small intestine including the duodenum, Furthermore, the tachyphylaxis has been demonstrated. Pancreatic secretion is a 
flow response was found to be highest after administration of not due to vasomotor effects of the extract. There is no ’ 
Boots Secretin, admittedly somewhat impure,and almost non-existent | excitatory effect on liver bile secretion. Potency of neutrey | ™ 
following highly purified Vitrium Secretin, After administration lized extracts is lost after storage at 4°C for 24 hours but seru 
of substances causing flow responses,increased intestinal muscu- not by boiling for 10 minutes at pH 8.0. Extracts are irre ma, 
lar activity and dilatation of mesenteric lymphatics was ob= versibly inactivated below pH 6.0. The relative merits as age | 
servec, It is suggested that a substance,differing from Secretin extracting agents of sodium and potassium salts of different te 
and probably related or identical to one of several previously fatty acids as well as progress in purification will be re- the 
reported hormones,viz, Substance P, Villikinin, or Darnstoff, ported. ain 
causing increased intestinal motility,is responsible for the 
observed effect, 
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Physiology 


LIPOPROTEIN LIPASE IN THE EXOCRINE SECRETION OF THE PANCREAS. 
Jacques Kessler*, Martin Finkel” and Henry D. Janowitz. Mount 
Sinai Hospital, New York, N.Y. : 

Since transient hyperlipemia occurs at times in experimen- 
tal and spontaneous pancreatitis, pancreatic juice was exam- 
ined for clearing factor, lipoprotein lipase. Juice was ob- 
tained from mongrel dogs through a Thomas fistula, stimulated 
by secretin and pancreozymin and examined for lipolytic activ- 
ity in an activated lipid buffer solution (cotton seed oil, 
albumin, phosphate buffer, pH 8.5) designed for the determina- 
tion of lipoprotein lipase. This was repeated with inhibitors 
of lipoprotein lipase (protamine sulfate 20 mgm/cc and 5% Na 
taurocholate) and pancreatic lipase (1M Na fluoride). The 
juice was subjected to a standard technique for purification 
of lipoprotein lipase: adsorption by Ca3(P0,4) gel and elution 
with Na citrate. Lipolytic activity was demonstrated after 
secretin and pancreozymin. Concentration was inversely related 
to rate of secretion following secretin, while pancreozymin 
augmented the concentration of lipolytic activity. This was 
diminished by specific inhibitors of lipoprotein lipase, and 
by an inhibitor of "classical" pancreatic lipase. With Ca, 
(PO,) gel adsorption significant lipolytic enzyme was recov- 
ered. This suggests that pancreatic juice contains lipoprotein 
lipase activity in addition to "classical" pancreatic lipase. 
Similar activity was extracted from pancreatic tissue. 


Pharmacology 


THE FATE OF PANCREATIC PROTEOLYTIC ENZYMES IN THE COURSE 
OF ACUTE HEMORRHAGIC PANCREATITIS. I.T. Beck, E. Pinter,» 
RD. McKenna, A.C. Ritchie,m and E. Solymar.* Royal 
Victoria Hospital, Montreal, Quebec, Canada. 

It is believed that acute pancreatitis is caused by 
autolysis when trypsinogen converts to free trypsin. This 
study tests the validity of this theory. The injection of 
bile into the pancreatic duct of dogs consistently caused 
acute hemorrhagic pancreatitis. Trypsin and trypsinogen 
vere determined in pancreatic tissue. The free trypsin 
activity was immediately determined in extracts, using 
Anson's hemoglobin method. Trypsinogen content was deter- 
nined after 9 hrs. incubation with enterokinase. In the 
control group the same assays were carried out, but pan- 
creatitis was not induced. Comparing these two groups it 
vas found that trypsinogen does not convert to trypsin in 
pancreatic tissue during pancreatitis. If autolysis does 
occur, this is probably not due to the liberation of free 
trypsin. Possibly other enzymes (collagenase, elastase 
or lipase) may play a role. Studies of their behavior 
sre presently in progress. 





Pathology 
SPECIES DIFFERENCE IN PANCREATIC AND SERUM CONTENT OF AMYLASE, 
UIPASE, AND LECITHINASE A. L, Zieve* W,C,Vogel*and 4,D.Kelly* 


(Intr.by F.W.Hoffbauer) VA Hosp, and Univ.of Minn. ,Minneapolis. 
The pancreatic content of lecithinase A was compared with 
that of amylase and lipase in the dog, rabbit, and man. Leci- 

thinase A concentration in man was roughly twenty times that 

of the dog, while amylase and lipase concentrations were, res- 
Pectively, one-sixth and one-half that of the dog. The aver- 
age lecithinase A content of the pancreas in seven dogs was 

3560 units per gram and in six humans 81,450 units per gram. 
Corresponding amylase values in the dog and man were, respec- 
tively, 13,380 and 2040 units per gram, and lipase values 
152,300 and 61,100 units per gram, The rabbit was similar to 
the dog in its pancreatic lecithinase A content, and to man in 
its amylase and lipase content. During experimental acute pan- 
Creatitis in thirteen dogs, peak serum enzyme levels were 4, 

2, and 44 times control values for lecithinase A, amylase, 

tnd lipase, respectively. Sham operated dogs showed no rise in 
sefum enzymes, During clinical acute pancreatitis in eight 

Mn, peak serum enzyme levels were 14, 10, and 15 times aver- 
ge normal values for the corresponding three enzymes. 

the maximal elevation of lecithinase A during pancreatitis in 
the dog was approximately one-tenth that of lipase and one- 
third that of amylase, In man, the maximal rise in serum con- 
centration of all three enzymes was about the same. 


q ase tar 





191 GASTROINTESTINAL—Secretions—Salivary 
Pharmacology 
EFFECT OF PARASYMPATHOMIMETIC STIMULATION ON THE METABOLISM OF 
PHOSPHATIDO-PEPTIDE IN SALIVARY GLAND, H.Burford* and C.G, 
Huggins Dept. of Pharmacol. ,Kansas Uni¥, Méa.Sthool, K.0.,Ks. 
ous studies have indicated that preys? processes in 
the pancreas are related to the metabolism of phosphatido-pep- 
tide (Huggins, Nature, 18):1112,1959). The study has been ex- 
tended to ascertain the@neral nature of this phenomenon and 
this report concerns observations on the metabolism of radio- 
phosphorus in gat ned eo and phospholipid fractions of 
submaxillary and parotid glands of cats and rabbits, Under in 
vitro conditions, a graded response in the metabolism of phous- 
phatido-peptide was obtained when varying concentrations of 
pilocarpine were added to es vessels containing slices of 
submaxill and parotid gland of rabbit, A similar response 
was seen with the phospholipid fraction, whereas, there was no 
effect on the total acid-soluble phosphorus fraction, The secre- 
tion of amylase bet and mucin submaxillary tissues 
paralleled the stimulation of phosphorus metabolism in phos- 
phatido-peptide, In the absence or presence of low levels of 
pilocarpine, slices from denervated submaxillary and parotid 
glands of rabbits exhibited an increase in metabolism of phos- 
page mea eo when compared with non-denervated tissue, Under 
n vivo conditions using cats and rabbits, essentially the sare 
pattern of phpeptatide-oe tide metabolism was obtained after 
stimulation with pilocarpine fore mg/kg,s.q.) in the rabbit ad 
acetylcholine in the cat, Acetylcholine was given by retrogmde 
injection via Wharton's duct every 15 mins, for 2 hrs, These 
data are interpreted as indicating a relationship between se- 
cretory processes in the salivary glands and phosphorus meta- 
bolism in phosphatido-peptide, 


Pathology 


THE EFFECT OF PROPYLTHIOURACIL ON EXOCRINE GLANDS, 
Leo M. Sreebny and Bertram S. Kraus*. School of Dentistry, 
University of Washington, Seattle, Washington. 

This study was designed to determine the effect of hypo- 
thyroidism (as induced by propylthiouracil) on the proteolytic 
and amylolytic enzyme activities of the submaxillary gland, 
the pancreas and the parotid gland. Three groups of rats, a 
control group fed ad libitum, an experimental group fed ad 
libitum and receiving .075% propylthiouracil in the drinking 
water, and a pair-fed group — were observed at 30, 60 and 90 
day intervals. The following results were obtained: (1) Pro- 
pylthiouracil showed no differential effects on the three 
exocrine glands. (2) Propylthiouracil had no effect on the 
protease activity of the submaxillary gland and the pancreas, 
but depressed the amylase activity of the pancreas and the 
parotid gland. (3) Restricted diet had no effect on the 
amylase activity of the pancreas or parotid nor on the pro- 
tease activity of the pancreas but caused a significant de- 
crease in the proteolytic activity of the submaxillary gland. 
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Physiology 


THE EFFECTS OF INBREEDING ON SYRIAN HAMSTERS. 
Rae Whitney, Bio-Research Institute, Inc., Cambridge, 
Mass. 

Data accumulated during four years of brother- 
sister inbreeding of Syrian hamsters are discussed. 
One strain of agouti hamsters had been inbred 24 
generations. This line is compared with a line of 
white hamsters, 12 generations inbred; and a line 
10 generations inbred in which both white and agouti 
have been carried. Comparisons are made with ref- 
erence to the following: (a) number of young born; 
(b) number of young weaned; (c) body weight at wean- 
ing and at several subsequent ages; (d) absolute 
weight of internal organs; and (e) weight of these 
same organs relative to body weight. Reference is 
made to a number of other lines, similarly inbred 
and varying from 12 to 15 or more generations of 
brother-sister inbreeding. 





Physiology 


CHEMISTRY OF HEMOGLOBIN NORFOLK, A RARE VARIANT OF 
HUMAN HEMOGLOBIN. Corrado Baglioni*. Division of 
Biochemistry, M.I.T., Cambridge, Massachusetts. 
Hb-Norfolk, has been prepared by starch block 
electrophoresis from the blood of a heterozygous in- 
dividual. After digestion with trypsin, the pep- 
tides were examined by fingerprinting. Peptides 20a 
and 2la were found to be absent from their usual po- 
sition in Hb-A fingerprints, while two new spots 
were observed. Peptides 20a and 2la were prepared 
from the a-chain of Hb-A by paper electrophoresis at 
pH 6.4. By the usual methods, these peptides gave 
the sequences: GlyHisGlyLys for 20a and GlyHisGly 
LysLys for 2la. The two new peptides observed in 
Hb-Norfolk were isolated by paper electrophoresis 
at pH 6.4 and 1.9. Amino acid and N-terminal analy- 
sis showed the replacement of the N-terminal glycine 
with an aspartic acid residue: AspHisGlyLys for 
Norfolk-20a and AspHisGlyLysLys for Norfolk-2la. 
This substitution involves residue number 57 of the 
a-chain, according to the partial sequence of this 
chain published by Braunitzer et al. (Z. Physicl. 
Chem. 320:283, 1960). (Supported by grants from the 
National Science Foundation and the National Insti- 
tutes of Health.) 


Biochemistry 


TRITIUM DECAY EFF4CTS IN ESCHERICHIA COLI. Martin Rachmeler.* 
views Laboratory, University of California, Berkeley, Calif. 
coli labeled with P32 loses its ability to 
ion colonies and synthesize enzymes as the 732 decays. The 
enzyme synthesizing capacity and viability are equally 
suppressed. The major effect of the p32 decay is apparently 
due to disruption of DNA (McFall et gl., Biochim. Biophys. 
Acta 27, 282, 1958). In the present studies, various com- 
ponents of E. coli were specifically labeled with tritium 
and the effects of the decay studied. The viability‘of the 
cells was found to be equally sensitive to decay of tritiun 
in the DNA, RNA, or protein. The efficiency of killing was 
1 in 250 to 500 disintegrations or approximately one-fifth 
to one-tenth of that found for P32 decay. Induced B- 
galactosidase formation appeared to be approximately five- 
fold less sensitive than viability if the decay was in RNA or 
protein, but equally sensitive if the tritium was in the DNA. 
Tritium effects on viability are apparently not due to short 
range disruption of structure by recoil or conversion to 
helium but rather to the ionizations caused by the beta-decay, 
whereas the effects on p-galactosidase formation appear to be 
due to disruption of the DNA. 


Biochemistry 


FACTORS INFLUENCING DEOXYRIBONUCLEIC ACID UP- 
TAKE AND TRANSFORMATION IN BACILLUS SUBTILIS 
STRAIN 168. F. E Young* and John Spizizen, Dept. of 
Microbiology, “Western Reserve Univ., Cleveland. 

The conditions required for irreversible DNA uptake 
and transformation of indole auxotrophy to a prerecragey in 
B. subtilis strain 168 were studied with p32 labeled DNA. 
In cells grown to the stage of maximal competency, aerobic 
conditions, a specific temperature and pH range, L-trypto- 
phan and divalent cations such as Sr, Ba, Ca, or Mg were 
required for optimal DNA uptake and transformation, In the 
absence of these divalent cations neither irreversible DNA 
uptake nor transformation occurred. The relative efficiency 
of these ions could be altered by phosphate. Divalent cations 
such as Cu, Zn, and Ni, and trivalent Fe inhibited DNA up- 
take and transformation. In phosphate depleted media a 
disproportionate increase in uptake of radioactivity was 
observed. The requirements for this uptake were unlike 
those necessary for the DNA uptake accompanying trans- 
formation. The relationship of these two types of uptake to 
competency will be discussed. 

















Biochemistry 

STUDIES ON THE PROTEIN OF CHEMICALLY EVOKED MUTANTS OF 
TOBACCO MOSAIC VIRUS (TMV). A. Tsugita™ and H. —Conrat, 
Virus Laboratory, University of California, Berkeley, Calif, 

The marked mutagenic effect of nitrous acid treatment of 
TMV-RNA has been confirmed. A lesser but definite mutagenic 
effect has been observed after methylation and bromination of 
the RNA with dimethyl-sulfate and N-bromosuccinimid. Severg] 
of these chemically evoked mutants of TMV have been analyzed 
for amino acid composition, in continuation of previous 
studies (Proc. Natl. Acad. Sci. 46, 636, 1960). Compared to 
TV, O, 1, 2 and 3 residues were changed in 1, 1, 3 and 4 
mitants, respectively. No correlation could be detected 
between the number of chemical changes, the extent of bio- 
logical changes (disease symptoms), or the severity of the 
modification reaction, as judged from the extent of inacti- 
vation. However, the number of strains analyzed is as yet 
small. Oddly enough, the same 3 exchanges were noted in two 
unrelated and biologically distinguishable mutants, one 
produced by deamination and the other by methylation. Some 
of the mutants were studied further to find where on the 
peptide sequence map the interchange of amino acids had 
occurred, and which particular residues were involved. The 
results indicated the following exchanges: Pro —» Leu, Thr 
—> Ser, Asp —> Ala, and Ser —} Phe. Their locations are 
scattered over the entire sequence. 


Biochemistry 


TRANSDUCTION IN BACILLUS SUBTILIS. Curtis B. Thorne. Fort 
Detrick, Frederick, Md. 

A bacteriophage, SP-10, isolated from soil carried out 
general transduction in Bacillus subtilis. Phage propagated 
on the wild type strain W-24 was capable of transducing to 
prototrophy all of the auxotrophs tested which included 
mutants requiring arginine, histidine, tryptophan, adenine, 
guanine, thiamin, leucine or methionine. The poor Hos 
ductions occurred at frequencies ranging from io to 10 
plaque-forming unit. Homologous phage was ineffective, Pi... 
oxyribonuclease had no effect on the frequency of transduce 
tion, and transduction was prevented by the addition of phage 
antiserum, When propagated on Bacillus licheniformis, SP-=I0 
did not transduce B. subtilis and when propagated on B. sub- 
tilis, it did not Fransduce B. licheniformis. Phage SP-10 
was capable of yamaha! te Strain W-o3 and this condition 
was maintained through repeated growth and sporulation cycles, 
Although heating at 65° for 60 minutes inactivated free 
phace particles, spores retained their lysogenic condition 
after such heat treatment. Filtretes from lysogenic cultures 
derived from heat treated spores contained 107 or more phage 
particles per mi. Phage present in filtrates of lysogenic 
cultures was more effective in transduction than phage pro- 
pagated on the non-lysogenic parent strain. 








Biochemistry 


PURIFICATION OF HISTIDINOL DEHYDROGENASE FROM SAL- 
MONELLA. J.C.Loper* and E.Adams. Dept. of Pharmaco- 
logy, St.Louis Univ. School of Medicine,St.Louis,Mo. 
Histidinol dehydrogenase (Adams, J.Biol.Chem., 
217:325,1955) has been correlated in S. typhimur- 
ium with a specific gene (Ames et al, J.Gen.Micro- 
biol. 22:369,1960) having two complementing subunits 
(Hartman, Hartman and Serman, J.Gen.Microbiol. 22: 
354,1960). S. typhimurium hisG-72, a mutant blocked 
elsewhere in the histidine pathway, was grown on 
limiting histidinol. As observed by Ames (private 
comm. )for other G mutants, sonic extracts are 20- 
30 fold more active than after growth on excess 
histidine. Further purification (100-fold) is ob- 
tained by heat, pH and ammonium sulfate treatment, 
and DEAE chromatography. Current preparations have 
35-fold higher specific activity than the previous- 
ly purified yeast enzyme (Adams, ref. cited). The 
Salmonella enzyme is stimulated by divalent metals. 
Studies in progress concern genetic and immunologi- 
cal relationships of Salmonella strains allelic at 
this locus, and aspects of enzyme mechanism. 
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Biochemistry 


pEPTIDE PATTERN DIFFERENCES IN MUTATIONALLY ALTERED A PROTEINS. 
p. Helinski* and C. Yanofsky. Dept.of Biological Sciences, 
Stenford University, Stanford, California. 

Tryptophan synthetase mutants of E. coli are being examined 
in an attempt to correlate mutational site sequence in a gene 
vith amino acid sequence in a protein. Mutationally altered A 
proteins were compared with the normal A protein following pro- 
teolytic digestion and two dimensional paper chromatography and 
paper electrophoresis of the digests. The peptide patterns 
obtained indicated that in several cases single peptide differ- 
ences existed between digests of mutant and normal proteins. 

In one mutant, A-23, the peptide difference is due to the pres- 
ence of an additional amino acid, phenylalanine, in the mutant 
peptide. This amino acid is N-terminal. Peptide patterns from 
three other A protein mutants, which map at the same genetic 
site as A-23, revealed in each case an identical difference 

from the normal pattern. Two other mutants, which map very 
close to each other, but produce A proteins with different 
physical feoperties, give an identical peptide difference from 
the normal pattern. A peptide pattern change has also been 
detected with the A protein of a partial reversion derived 

from a mutant that does not show a peptide pattern difference 
from the normal. These observations suggest that, at least in 
some cases, mutational alterations which map close to each 

other affect the same peptide. 


Biochemisiry 
METABOLIC EFFECTS OF HYBRIDIZATION IN AMPHIBIA. 
Stanley Cohen. Vanderbilt Univ. School of Med., 
Nashville, Tenn. 

Hybrid amphibian embryos, (Rana pipiens ¢ x Rana syl- 
vatica & ), developonly to the early gastrula stage. To de- 
tect any metabolic alterations resulting from the hybrid- 
ization, normal R. pipiens and hybrid embryos were incu- 
bated with C140 for 6 hours, during the period when the 
morphological block occurs (19 to 25 hrs. after fertilization). 
The metabolic fates of the C!4 were determined. Paper 
chromatography and subsequent radioautography of a 70% 
methanol extract of the hybrid embryos showed the presence 
ofmalonic acid. None was detected in the normal embryos. 
The malonic acid was identified by chromatography in 5 
solvents and by recrystallization to constant specific activity 
with carrier malonic acid. The C!* also was detected ina 
number of Krebs' cycle intermediates, aspartic and glutamic 
acids, and orotic acid in both the normal and hybrid embryos. 
The incorporation of the isotope into the nucleic acid bases 
and the protein fractions were similar. The major C*~* com- 
ponent of the acid soluble fraction was identified as uridylic 
acid in both types of embryos. 











Biochemistry 


VARIATIONS IN SIALIC ACID CONTENT OF HUMAN TRANSFERRINS. 
WC, Parker* and Alexander G. Bearn*. Rockefeller Institute, 
New York. 
Starch gel electrophoresis of human transferrin C incubated 
vith neuraminidase revealed a stepwise pattern of 5 bands 
whose intensities varied with neuraminidase concentration. 
Sialic acid analysis after starch block electrophoresis 
suggested that the four slower-moving bands represented an 
inreasing but random removal of sialic acid residues from the 
transferrin molecule. The fastest-moving band coincided with 
mtreated transferrin and contained approximately 4 sialic 
«id residues per molecule. The slowest band appeared to 
tepresent the complete removal of sialic acid, and the three 
intermediate bands contained 1-3 residues. No further bands 
‘peared with large increases in neuraminidase concentration. 
lutoradiography with Fe59 showed that each band retained its 
iton-binding property. The genetic transferrin variant B2 was 
isolated from the serum of a B2C heterozygote by chromatog- 
taphy on TEAE cellulose. B2 and neuraminidase-treated trans- 
ferrin € were ultracentrifugally and antigenically indis- 
tinguishable from normal transferrin C. Treatment of cerulo- 
Hlasmin and haptoglobin at various neuraminidase concentra- 
tions caused a gradual decrease in electrophoretic mobility 
instead of the stepwise pattern obtained with transferrin. 
and Nat. Found. grants) 





Biochemistry 
THE ELECTROPHORETIC PATTERNS OF ALKALINE 
PHOSPHATASE FROM VARIOUS E.COLI MUTANTS. Marilyn 
L. Bach*, Ethan R. Signer*, Cyrus Levinthal*and Irwin W. Sizer, 
Dept.of Biology, Mass. Inst.of Technology, Cambridge, Mass. 
Alkaline phosphatase of E.coli, judged pure by Tiselius 
electrophoresis and by sedimentation and chromatographic 
behavior, showed four and possibly five distinct bands in 
electrophoresis in starch gels at pH's from 4.7 to 8.6.Single 
mutations in the phosphatase gene or growth under conditions 
which repressed the synthesis of enzymatic activity eliminated 
all the bands simultaneously, and never singly or in any 
combination. Reverse mutations to the active state, obtained 
from cells producing no enzymatic activity, were also 
examined; of the first twelve revertant enzymes tested, a 
majority showed electrophoretic mobilities different from 
that of the wild type. However the spacing among the bands 
was not affected, and it remained unchanged in the enzymes 
of several leaky mutants examined. Thus the multiple bands 
are all products of the same gene, all alterable by a single 
mutation to the same extent. The relative intensities of the 
various bands are affected by the medium in which the cells 
are grown. (Supported by grants and fellowships from the 
National Institutes of Health). 


Biochemistry 
TRANSFORMATION TO AUXOTROPHY IN B. SUBTILIS. 8S. Greer*, L. 
Heldemuth* and S. Zamenhof. Dept. of Biochemistry, Columbia 
Univ. New York. 

Transformants from prototrophy to auxotrophy can be detect- 
ed by examining a large number of colonies on partially defic- 
ient media; however, the detection is greatly facilitated if 
the auxotrophic marker is linked to a selective prototrophic 
one. Such linkage in B. subtilis (Ephrati-Elizur, Srinivasan 
and Zamenhof, Proc. Natl. Acad. Sci., 1961) can be used as a 
tool in transformation in this species, as it has been for 2 
different markers in Pneumococcus (Hotchkiss and Marmur, ibid 
40:55, 1954). In the present studies, transformation to a 
heat-induced marker (histidine,-) or to a U.V.-induced marker 
(indole-) has been accomplished by using as DNA donors or as 
recipients, the strains (#13, his~ind+ or histind~) in which 
these markers are linked to the extent of 65%. The max. fre- 
quency of auxotrophs already occurs among the earliest proto- 
trophic transformants; furthermore, entire colonies are auxo- 
trophic. In a typical exp. (3yg DNA/ml from histind-Sa¥ cells; 
recipient: his“ind*sa®), 55% of his+ transformants were ind”, 
whereas less than 1% of sulfanilamide-resistant Sat cells (a 
marker not linked to ind or his and transforming sensitive 
cells, SaS, at a high frequency) were ind“. All his- trans- 
formants had the same reversion frequency to prototrophy as 
the original donor, suggesting complete insertion of the m- 
tational site. 








Biochemistry 


THLOGALACTOSIDE ACETYIASE. I Zabin, Adam Kepes* 
Pasteur inst Ports, France. 

It has been recognized that an inducible system (galacto- 
side-permease) which has the ability to catalyse the active 
transport of galactosides and thiogalactosides, exists in cer- 
tain strains of E, coli. Under some conditions small quanti- 
ties of the 6-O-acetyl derivative of a thiogalactoside can also 
be detected. We have defined conditions in cell-free extracts 
for the enzymic formation of acetyl thiogalactoside, and have 
observed that a high degree of correlation exists between the 
presence or absence of the permease system in whole cells of 
different mutant strains, and the presence or absence of acety~ 
lation activity in extracts. The enzyme responsible for acety- 
lation has been purified about 25-fold and some of its proper- 
ties determined. The donor substrate is acetyl CoA; butyryl 
CoA has low activity, and succinyl and palmityl CoA are inef- 
fective. Thiogalactosides are acceptor substrates; lactose 
and other galactosides have low activity. The Km for B-D iso-~ 
propyl thiogalactoside is exceedingly high, 0.3M. The enzyme 
is present in the supernatant obtained after centrifugation at 
30,000 g of osmotically shocked protoplasts. Though genetic 
experiments strongly support the suggestion that thiogalacto- 
side acetylase is closely associated with permease activity, 
findings with purified enzyme have not yet explained this re- 
lationship. 











Immunology 
PRODUCTION OF B-GALACTOSIDASE FOLLOWING TRANSDUCTION. Helen R. 
Revel and S. E. Luria. Mass. Inst. of Technology, Cambridge, 
Mass. : 
The kinetics of B-gelactosidase formation in E. coli lac” 
mutants (i'z y ) following transduction by defective Pl phage 
carrying the lec region (itzty*) have been studied. In minimal 
medium with inducer (IPTG) after infection with phage an ini- 
tial lag of 25-40 minutes is followed by a linear phase of 
enzyme synthesis for at least 3 hours. The recipient culture 
grows exponentially but the number of cells that give rise to 
lac* colonies remains about constant. The lag in enzyme syn- 
thesis can be dissociated from inducer function: if IPTG is 
added 90' after infection enzyme synthesis proceeds immediate- 
ly at the linear rate. The amount of enzyme formed per stably 
transduced lact cell per hour is 10-40 times that produced per 
cell per hour in a fully induced lact culture. Various recip- 
ient strains show no corrleation between number of lac* trans- 
ductants and amount of enzyme formed in the linear phase. U.V. 
irradiation of the phage inactivates enzyme-forming ability at 
1/6 the rate of phage inactivation. The observations are con- 
sistent with the hypothesis of persistence of the lact gene as 
a functioning non-mltiplying exogenote inherited unilinearly 
with rare integration into the bacterial chromosome. 
(Supported by grants from Nat. Science Foundation and Nat. 
Inst. of Health). 





BLOOD LIPID STUDIES IN A RHESUS MONKEY WITH ESSENTIAL HYPgR. 
CHOLESTEROLMIA. L. D. Greenberg and H. D. Moon. Pathology 
Dept., Univ. of Calif. School at Med., 5an Francisco, Calif, 
The discovery in a rhesus monkey of an interesting and mp. 
usual metabolic anomaly, essential hypercholesterolemia, pro. 
vided an opportunity to compare the levels of certain of its 
blood lipids with those of control monkeys maintained on the 
same cholesterol-free regimen, The mean plasma cholestero] 
level (28 mg.%, range 387-63) of this monkey was about 3 
times as high as the mean level of 21 control animals (159% 
mg.%, 12) determinations). Its total plasma fatty acid con. 
centration (mean 546, range 35-710) was also considerably 
higher than that of the control animals (305260 7g%). Gas 
chromatographic analyses showed little or no difference be- 
tween the fatty acid patterns of the total lipids of the 
erythrocytes of the controls and the abnormal monkey and 
Slight differences between their plasma fatty acid patterns, 
The linoleate and arachidonate levels were higher in the 
plasma of the hypercholesterolemic monkey. Fractionation of 
the plasma lipids on silicic acid columns and subsequent 
analyses of the fractions revealed that the cholesteryl ester 
fraction of the hypercholesterolemic animal was richer in 
linoleate than the same fraction from control monkeys. 
(Supported in part by USPHS Grant A-1373 and A-645.) 
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Physiology 


STUDIES IN BISALBUMINEMIA: BINDING PROPERTIES 
OF THE TWO ALBUMINS. Edward J. Sarcione* and C. 
William Aungst*. Dept. of Medicine B, Roswell Park Mem. 
Inst., Buffalo, N.Y. 

During the workup of a patient with Wegener's granuloma- 
tosis, paper electrophoresis revealed two serum albumins. 
Study of sera from members of the patient's family revealed 
five blood relatives who had bisalbuminemia; these findings 
were consistent with this being a hereditary trait. .The two 
albumins were immunologically identical by the Ouchterlony 
technique, using purified anti-human albumin rabbit serum. 
Study of the binding properties of the two serum albumins in 
five subjects revealed an unexpected finding:- thyroxine, at 
concentrations which normally result in albumin binding, was 
not bound to albumin A, which has an electrophoretic mobility 
similar to normal serum albumin; however, it was bound to 
the slower-moving albumin B. This would appear to indicate 
that neither albumin A nor albumin B is identical with normal 
human serum albumin. Rose-Bengal and neohydrin were 
bound to both albumins. 








Biochemistry 


COLORIMETRIC DETECTION OF CARRIERS OF GALACTOSEMIA BASED ON 
THIONICOTINAMIDE DIPHOSPHOPYRIDINE NUCLEOTIDE (TNDPN) REDUC- 
TION. J. H. Nordin and R. K. Bretthauer™. Dept. Agr. Chem., 
Mich. State Univ., East Lansing. 

A simplified, quantitative, colorimetric procedure for de- 
tecting the homozygous recessive and the heterozygous condi- 
tions in galactosemia based on a previous spectrophotometric 
procedure (Proc. Natl. Acad. Sci. 45, 328, 1959) has been de- 
veloped and applied. This modification involves the measure- 
ment by a colorimeter of reduced TNDPN at 400 m in the pres- 
ence of UDPG and UDPG dehydrogenase (I). (I) reduces TNDPN at 
1/3 the rate of DPN under conditions employed. Reduction is 
proportional to UDPG concentration. The initial incubation was 
the same as the previous procedure, except that reaction time 
was 15 minutes. 0.05 ml of 0.2 N HCl was then added, the pro- 
tein denatured by heating, and removed by centrifugation. 0.1 
ml aliquots of the supernatant were incubated for 40 minutes 
in the dark at room temperature with excess (I) and 0.2 umole 
of TNDPN in a volume of 0.4 ml of 0.2 M glycine, pH 8.7. After 
dilution to 2.5 ml with Hj0, the absorbancies were measured. 
UDPG standards were carried through the entire procedure. The 
method has been applied to 4 galactosemic families plus 10 
controls. Average values were 0, 2.4 and 5.2 umoles UDPG/hr/ml 
red cells for patients, carriers and normals, respectively. 
There was no overlapping of values between groups. 
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Physiology 
QUANTITATIVE INTSRACTION BETWEEN DEXTRAN AND ANTIHISTAMINES Ih 
THE RAT. L, Kato* and B, Gozsy.* Institute of Microbiolog 
and Hygiene, University of Montreal, Canada. 

Minute amounts of dextran (0.8mg/100g) induce in the short 
est time maximal edema formation in rats. The syndrom is in 
hibited by critical doses of antihistamines. If edema is pn- 
voked by increasing amounts of dextran, proportionally higher 
doses of the drug are necessary to inhibit edema thus suggest- 
ing a quantitative in vivo reaction between the drug and the 
injected dextran. In normal rats antihistamines inhibit the 
capillary reactions induced in the skin by histamine or 5-H, 
As antihistamines are injected simultaneously with dextran, 
the drug fails to inhibit the capillary response to histamine 
or 5-HT. The quantitative in vivo neutralization of antihis- 
tamines by dextran and vice versa follows a linear function, 
Experiments show that antihistamines are binding chemically 
the injected dextran rather than inhibiting edema formation 
acting upon the capillary wall or inhibiting the effects of 
released histamine or 5-HT. 
























Physiology 


EVIDENCE THAT NEWLY-SYNTHESIZED (INDUCED) HISTAMINE IS AN IN- 
TRINSIC REGULATOR OF THE MICROCIRCULATION. Richard W. Schayer: 
Merck Institute for Therapeutic Research, Rahway, New Jersey: 
Histidine decarboxylase can be activated by stressful stim- 
uli in all mouse tissues tested except blood; the product, in- 
duced histamine, may be an intrinsic regulator of the micro- 
circulatory system which can cause damage if formed excessive- 
ly. Stress-induced histamine synthesis also occurs in guinea 
pigs and cats. After endotoxin injection, changes inhistidin 
decarboxylase activity correlate closely with microcirculatory 
changes (Am. J. Physiol. 198, 1187, 1960). Local irritation 
affects the enzyme locally; it is activated and deactivated 
parallel to the microvascular changes of the slow phase of it- 
flammation. Injection of bacteria or of reticuloendothelial 
activators increases enzyme activity in liver, spleen, lung 
and lymph nodes; this is presumably a response to irritants. 
In all cases induced histamine may act on vascular endothelim 
and smooth muscle to help provide an adequate blood supply 0 
the tissues. Activation of the enzyme is independent of 4 
number: of hormonal or nervous regulatory systems and appears 
to be solely a property of the small blood vessels. Adrenal 
steroids can oppose the vascular actions proposed for induced 
histamine. Many of the diverse actions of these hormones, 
both beneficial and harmful, may be referrable to antagonim 
of the microcirculatory effects of induced histamine. 
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Physiology 


grFSCT OF MAGNESIUM DEFICIENCY UPON TISSUE HISTAMINE AND INFLAMMA~ 
MON IN RATS. Gaétan Jasmin, Pierre Bois* and A, Gascon*. Uni- 
yersité de Montréal, Montreal, Canada. 

Magnesium deficiency produced in Sprague-Dawley rats (60 to 
100 gm) by dietary means induces a well known cutaneous hyperemia; 
this is accompanied by a decrease in subcutaneous mast cells (Bé~ 
langer et @l., Science 126: 29, 1957) and can be prevented by pre- 
treatment with Compound 48/80 (Bois et al., Can. J. Biochem. Phy- 
siol., 38: 585, 1960). Dosage of histamine in the ear, snout, 
tongue, paw and spleen, after 20, 30 and 40 days of magnesium de- 

vation, was made by the guinea pig ileum assay; it revealed a 
rogressive decrease that parallelled the mast cell disa rance 
ia.. 75% histamine decrease in the tongue after 30 days). Con- 
trol studies in pyridoxine-deficient rats did not show any compa- 
rable modification of mast cell and histamine contents of the tis- 
sue. Inflammatory reaction produced by injection of 0.1 ml of 1% 
formalin was very severe and there was no healing tendency. 
(Supported by grant from the National Research Council of Canada.) 


Pharmacology 


PROBABLE MECHANISM OF HISTAMINE RELEASE BY DEXTRAN. Andres 
Goth. Univ. of Texas Southwestern Med. School. Dallas, Texas 
“Tt has been shown previously that dextran induced edema 
and histamine release in the rat was prevented by 2-deoxy- 
glucose injections. The present study is concerned with in 
vitro studies on the mechanisms involved. 
~~Rat mesenteries containing numerous mast cells were 
suspended and shaken in glucose-free Krebs-Ringer bicarbonate 
gassed with 5% COo and 95% oxygen. Dextran was added (6 mg/ 
ml) and the amount of histamine released in 30 min. was 
measured by the method of Shore, subtracting the spontaneous- 
ly released histamine of control flasks. A variety of mono- 
saccharides inhibited the release of histamine. The most 
active inhibitor was 2-deoxyglucose, followed by fructose 
and glucose. Many other monosaccharides had some inhibitory 
activity, while mannitol was inactive. When sugar concentra- 
tion is plotted (log scale) against per cent inhibition of 
histamine release a straight-line relationship was approached. 
These results suggest that the receptor for dextran in rat 
mst cells is identical with some structure or carrier 
involved in sugar transport. They also suggest that certain 
polymers may injure mast cells as a result of their structural 
similarity to normal metabolites. 


Pharmacology 


AN ANTITUSSIVE PROPERTY OF DIPHENHYDRAMJNE. J. Wax™, C. V. 
Winder and G. Peters*. Res. Div., Parke, Davis & Co., 
Ann Arbor, Mich. 

A procedure described earlier (Rosiere et al., J. Pharmacol. 
Il6: 296, 1956) for studying changes in tussal threshold to 
amonia introduced via permanent tracheal cannula in unanes- 
thetized dogs was simplified in a manner described elsewhere 
Winder et al., submitted for publication). Codeine. PO,. 

"72 H90, 4 mg/kg, diphenhydramine.HCl, 4 and 8 mg/kg, and 
Vehicle were studied by the subcutaneous route, in independent- 
ly randomized order in each of 10 dog preparations. Threshold 
determinations were done at 15-min intervals, before and for 
thr after treatment. Threshold elevations by codeine and by 
the higher dose of diphenhydramine were significant. Diphen= 
hydramine.HCl was estimated to be 0.4 as potent as codeine. 
04.11/2 H20 (total salts) in either peak or total 2-hr effect, 
with 95% confidence limits of 0.02 to 0.6 and 0.02 to 0.7, 
respectively. The day following completion of the analysis of 
these data we learned of analogous results obtained quite 
independently via the oral route In human subjects, by the 
titric acid aerosol technique (Bickerman, in press). 





Pharmacology 


HISTAMINE FORMATION BY FETAL RAT LIVER. Alan Burkhalter*. 
Univ. of Calif., School of Medicine, San Francisco, Calif. 
The fetal rat liver is a rich source of an active histi- 
dine decarboxylase. Some properties of this enzyme are des- 
cribed in this paper. Enzyme activity was assayed by measur- 
ing the production of histamine from histidine. Histamine 
was assayed fluorometrically. The enzyme activity of liver 
homogenates was found in the soluble supernatant fraction. 
Dialysis caused a decrease in enzyme activity which could be 
partially restored by adding pyridoxal phosphate. The pH op- 
timum of the reaction was near 6,6 and maximal rate of decar- 
bexylation occurred at about 10-3 Molar substrate concentra- 
tion. o-Methy1—3, 4~dihydroxyphenylalanine (a-methyl DOPA) at 
concentrations less than 1077 Molar caused no significant in- 
hibition. At higher inhibitor concentrations the inhibition 
was definitely related to the amount of pyridoxal phosphate 
present. The liver enzyme preparation did not catalyze the 
decarboxylation of 5-hydroxytryptophane. It is concluded 
that the histidine decarboxylase of fetal rat liver requires 
pyridoxal phosphate, that the properties of this decarboxyl- 
ase indicate that it is not the same as the a-amino acid de- 
carboxylase found in guinea pig kidney, and that the mech- 
anism of inhibition caused by a-methyl DOPA involves the co- 
enzyme. (Supported by a grant from the University of Calif.). 


Pharmacology 

MEASUREMENT OF PLASMA HISTAMINE CONCENTRATION 
W. L. Thompson*, Department of Pharmacology and Thera- 
peutics, Medical College of South Carolina, Charleston, S.C. 

The fluorometric method of histamine determination devel- 
oped by Shore et al (JPET 127:182, 1959) was modified by de- 
creasing the reaction time of OPT with the alkalinized HCl ex- 
tract to 3 minutes and acidifying with 0.1 ml of 3N HCl. This 
modification resulted in a more intensely fluorescent product, 
stable for 6 hours and linear to concentration throughout the 
range of 0.001 to 1.5 ng/ml. Control whole blood levels were 
about 0.07 pg/ml in humans and 0. 03 pg/ml in dogs. Control 
plasma levels of both humans and dogs were consistently less 
than 0.005 pg/ml. Following administration of acacia to dogs 
plasma histamine levels were elevated rapidly to as much as 
0.2 pg/ml. Following administration of PVP to dogs plasma 
histamine levels increased to a maximum of up to 1.0 ug/ml 
at 10-15 minutes, arterial plasma levels exceeding the venous. 
The plasma histamine elevation corresponded to hypotension 
in incidence, degree and duration. This agrees with a previous 
study utilizing the spectrophotometric method of Lowry et al 
(JPET 127:39, 1959). Other drugs have been similarly tested. 
Supported by HTS-5200(C3) and H40(C13) Nat'l Heart Institute 





Pharmacology 


RELEASE OF RABBIT PLATELET HISTAMINE BY THROMBIN. M.E. 
Tidball* and P.A. Shore. Lab. of Chemical Pharmacology, 
National Heart Institute, Bethesda, Md. 

Addition of dilute defibrinated serum, freshly pre- 
pared from platelet-free plasma, to rabbit platelets 
suspended in saline causes release of histamine from 
the platelets, Release is prevented by an excess of 
ethylenediaminetetraacetate (EDTA) or by a low con- 
centration of heparin. Little release is observed 
when aged serum is substituted for fresh. Addition 
of small amounts of thrombin to platelets in dilute 
aged serum or in 4% albumin solution buffered to pH 
7.4 causes release. Thrombin-induced release in serum 
or in albumin can be blocked by heparin. The results 
demonstrate that thrombin is a potent releaser of 
platelet histamine and suggest that thrombin generation 
in fresh serum is responsible for release of histamine 
from platelets. 





Pharmacology 


STUDIES ON MAMMALIAN DIAMINE OXIDASE. V.H. Cohn, Jr.* 
and P.A. Shore. Lab. of Chemical Pharmacology, National 
Heart Institute, Bethesda, Md. 

Microfluorometric techniques for the assay of histamine 
and agmatine have permitted investigation of the character- 
istics of diamine oxidase (DAO) under conditions of low sub- 
strate concentration. A Km of 3xl0"5 M was obtained for 
hog kidney DAO (histamine substrate), while guinea pig liver 
DAO showed a Km of 3 to 5x107° m (histamine or agmatine sub- 
strate). A relatively constant ratio of histamine/agmatine 
metabolism by DAO from various sources was obtained. An 
exception was guinea pig liver DAO which exhibited con- 
siderably greater activity towards histamine. Other than 
differences in Km and histamine/agmatine ratio, guinea pig 
liver DAO showed characteristics similar to DAO from other 
sources. The results support the concept that mammalian 
DAO is identical with "histaminase", but suggest that there 
exist more than one discrete DAO. 
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Immunology 


CONTACT DERMATITIS IN MICE. Alfred J. Crowle and Clarice M. 
Crowle.* Webb Inst. Med. Research, and Univ. Solorado 
School of Med., Denver, Colo. 

Contact dermatitis to l-chloro-2,)-dinitrobenzene can be 
induced in mice by dropping 0.93 ml of 0.125% of this chemi- 
cal in acetone solution onto a circular 3.1 cm* area of 
shaved skin. This delayed hypersensitivity to a chemical 
begins to appear between 1 to 2 weeks after exposure, and 
it has most of tne characteristics that it exhibits in other 
species of animals. Thus, a drop of 0.90 ml of the same 
acetone solution on the skin of the hypersensitive mouse 
evokes a reaction of induration and superficial necrosis 
developing slowly, peaking between 7.5 and 1) hours later, 
and very gradually declining over several days. However, 
erythema usually is absent. The reaction can be suppressed 
by treating mice with cortisone but not with antihista- 
minics nor apparently with antiserotonins. Hypersensitivity 
can be transferred passively from sensitized mice to normal 
ones with suspensions of thymocytes but not with serum. 
Hyposensitization has been achieved by exposing sensitized 
mice weekly to skin tests with this chemical. (Supported 
by U.S. Public Health Service Grant E-2689 and by the New 
York Tuberculosis and Health Association through a James 
Alexander Miller Fellowship.) 


Immunology 


EFFECT OF METHOTREXATE ON THE DEVELOPMENT OF SKIN HYPERSENSI- 
TIVITY AND ON ANTIBODY FORMATION IN GUINEA PIGS. Robert M. 
Friedman,* Charles Buckler* and Samuel Baron. Division of 
Biologics Standards, National Institutes of Health, Bethesda 
Maryland. 

Following administration of the anti-folic acid methotrex- 
ate to 250 gm Hartley Guinea Pigs in doses of 1.7 mg every 48 
hours, suppression of skin hypersensitivity, both immediate 
and delayed, was noted during a 2 week period following 
immunization with 3 ug of diphtheria toxoid or ovalbumin in 
Freund's incomplete adjuvant. No antibody could be detected 
14 days after immunization in animals receiving methotrexate, 
whereas antibody was easily detected in control animals. The 
tuberculin reaction and the delayed hypersensitive reaction 
to toxoid administered in complete adjuvant were suppressed 
by a 5 mg regimen of methotrexate. These results suggest 
that the biochemical reactions inhibited by methotrexate 
are important in the development of delayed hypersensitivity 
and antibody formation. 








Immunology 

IMMUNOLOGIC SPECIFICITY IN THE INDUCTION OF ADJUVANT AR- 
THRITIS IN THE RAT. Byron H. Waksman and Martin H. Flax, 
Harvard Med. School and Mass. General Hosp., Boston, Mass. 

Oil suspensions of killed tubercle bacilli and of Nocardis 
asteroides injected into a single foot-pad of Sorague- 
rats (0.15 mg in 0.05 ml) produced arthritis with onset, in 
both cases, at 9-18 days, peak severity at 18-25 days, and 
termination of active disease by 35 days. 13 of 18 rats re. 
injected at 2 months with the homologous organism showed re. 
activation of arthritis, beginning at -6 days in 11 of the 
13 and transient in character (lasting 3-6 days in 7, 9-11 
days in 3). In rats inoculated with Nocardia and rein 
with tubercle bacilli, disease recurred in 6 of 7 at 6-12 
days (in of the 6 at 9-12 days) and the evolution of the 
process was comparable to a primary attack of disease, last- 
ing more than 20 days in 5. Of 8 animals given the same 
antigens in reverse order, 6 showed an early onset ( or 5 
days) but 7 of the 8 also showed a prolonged course. These 
findings are interpreted as evidence of antigenic specificity, 
i.e. support for our earlier conclusion that the arthritis 
has an immunologic mechanism and that the responsible antigen 
is derived, at least in part, from the injected organisms. 
The accelerated reappearance of disease in some rats 
reinoculated with heterologous antigen suggests some degree of 
cross reactivity between antigens of the 2 organisms used, 


Immunology 


NATURAL DELAYED ISO-HYPERSENSITIVITY AMONG INBRED GUINEA PIGS, 
Jack R. Battisto.* Department of Microbiology and [mmunology, 
Albert Einstein College of Medicine, New York 61, N.Y. 
Delayed iso-hypersensitivity to a heritable factor present 
in homologous serum, previously shown to exist naturally amom 
certain guinea pigs bred from Rockefeller Institute (RI) stock, 
has been studied in guinea pigs belonging to the more inbred 
(still heterozygous) Hartley strain, and to the homozygous 
Wright strains II and XIII. By inoculating sera of these 
animals into the skin of iso-hypersensitive RI guinea pigs, 
serum factor (SF) was detected in 19 of 20 Hartley animals, but 
in no individual of strains II and XIII (8 of each tested.) 
The uniform response within each inbred strain is consistent 
with the heritable nature of SF, previously shown for families 
bred from RI stock. Tests next were made on all animals 
(previously bled only) for delayed iso-hypersensitivity to $F, 
by dermally inoculating undiluted sera from SF+ and SF- 
animals. Confirming past results in RI guinea pigs, none of 
the 19 Hartley animals possessing SF showed a delayed skin 
response to homologous SF+ sera; i.e., delayed skin reactions 
were confined to animals lacking SF. Of such animals (1 
Hartley, 8 each of II and XIII), 3 individuals of strain XIII 
gave delayed dermal reactions to the homologous SF+ sera (but 
not to SF- sera) - strong presumptive evidence of their natural 
iso-hypersensitivity to SF. Supported by PHS grant E-2003. 


Immunology 


SPECIFICITY OF DELAYED VERSUS IMMEDIATE HYPERSENSITIVITY RE- 
ACTIONS IN GUINEA PIGS. B. Benacerraf, and B.B. Levine’. 
Dept. of Pathology, New York Univ. Sch. of Med., N.Y. 
Conjugated antigens were prepared by reacting foreign pro- 
teins and homologous guinea pig serum albumin with picryl 
chloride or N-picryl € -NH» caproyl chloride. While these tw 
haptens have a common terminal trinitrophenyl group and are 
both known to react with the €-NH2 group of lysine, the re- 
sultant antigenic functions differ in the distance between 
the picryl group and the lysine. Guinea pigs were immunized 
with gamma amounts of these conjugated proteins in complete 
Freund's adjuvants; they were tested intradermally with 1)the 
immunizing antigen, 2) conjugates of the same hapten with 
other proteins, 3) conjugate of the same sensitizing protein 
with the other hapten. When the animals were tested early 
(6-7, days), only delayed reactions were obtained. At 10 to 
12 days, immediate Arthus type reactivity was present. Ani- 
mals with Arthus reactions showed a wide cross reactivity 
among all the antigens possessing the picryl group. The de- 
layed reactions showed a much greater degree of specificity, 
as it involved in all cases a considerable degree of protein 
carrier specificity. In the case of sensitization with con 
jugates cf a non antigenic protein carrier such as guinea pig 
albumin, the specificity of the delayed reaction involved 
necessarily both the carrier protein and the respective hap- 
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Immunology 
DELAYED HYPERSENSITIVITY TO BOVINE INSULIN IN GUINEA PIGS. 
0. McDevitt.* Department of Bacteriology, Harvard 
edical School, Boston, Mass. A 

White guinea pigs of 400-500 grams were injected intra- 
dermally into all footpads with a total of 20 gm crystalline 
povine zinc insulin emulsified in complete Freund's adjuvant. 
Intradermal injection of 10 gm insulin 7 days later elicited 
no immediate reactions, but typical delayed reactions appeared 
at 18-24 hours in 80-90% of the animals, with induration rang- 
ing from 5 x 5 to 15 x 15 mm. Microscopically these delayed 
reactions were characterized by mononuclear infiltration in 
the lower dermis and perivascularly. Animals similarly sensi- 
tized showed no reactions to 10 ygm glucagon or 10 pgm whole 
lyophilized bovine serum. Skin tests with 5 or 10 pgm of a 
partially purified bovine pancreatic extract containing 1-2 
ygn insulin showed delayed reactions in all cases smaller than 
those elicited by 10 pgm crystalline bovine insulin. Attempts 
to demonstrate circulating antibodies to insulin by active 
cutaneous anaphylaxis with Evans blue in such sensitive ani- 
mals were also negative at 7 days. The production of delayed 
hypersensitivity to a protein of known amino acid sequence 
my permit the identification of the site or sites specifi- 
cally active in this system. 


Immunology 


THE EFFECT OF STORAGE ON HUMAN SKIN-SENSITIZING ANTIBODY 
(REAGIN). John G. Harter*. Dept. of Bacteriology, Harvard 
Medical School, Boston, Mass. 

The risk of hepatitis from the virus of homologous serum 
jaundice is approximately 1% for the recipients of trans- 
fused blood. This risk has greatly hampered the study of 
human skin-sensitizing antibody. When Allen found that the 
virus was inactivated by storage at room temperature for six 
months (see Sayman et al. 1958, J. Amer. Med. Assoc. 178, 
1735), it seemed desirable to test the storage properties of 
teaginic serum. One Seitz-filtered serum from a ragweed- 
sensitive donor was divided into samples and stored at -18°C, 
at 4°C, and at room temperature for six months. Samples were 
withdrawn at monthly intervals and passive-transfer titers 
compared. There was no change in anti-ragweed titer in any 
sample. Three sera from ragweed-sensitive and one from a 
timothy-sensitive individual were stored at 32°C for six 
months. The skin-sensitizing titer, the determination of 
which is not very precise, showed no demonstrable fall in 
any of the samples. Such stored serum should be a satis- 
ag source of reagin, with a diminished risk of hepat- 
tis. 


i HYPERSENSITIVITY —Anaphylaxis 
Physiology 


MIAPHYLACTIC REACTION OF THE GUINEA PIG HEART TO ANTI-BOVINE 
SUM PROTEINS. G. A. Feigen, G. Terres, and R. L. Evans. 
Department of Physiology, Stanford University, Stanford, Calif. 
Current experiments in this laboratory show that treatment 
of normal guinea pig hearts with purified rabbit antibodies 
gainst certain normal or diazotized bovine serum proteins pro- 
duees the usual consequences of cardiac anaphylaxis. A study 
0f 6 bulk phase concentrations of AntiXpBGG showed the limiting 
value for the release of histamine-like materials from the 
heart to lie between 3.8 - 4.8 mg AB/ml, although other physio- 
logical changes were still evident at concentrations as low as 
1,96 mg/ml. Subsequent challenge with antigen released addi- 
timal "histamine" only at the 4.8 and 9.6 mg/ml AB levels. 
the present results might have accrued either from the presence 
sf soluble AG-AB complexes in the antiserum, not eliminated by 
Wrification, or from the existence of a heterogenetic immune 
system between guinea pig tissues and bovine serum proteins. 
the first possibility is being studied by ultracentrifugal 
@alysis. Results of the agar-gel diffusion studies disclosed 
the presence of multiple immune systems. The possibility of 
Ss reaction was further studied by determining whether the 
sveral antibody preparations contained "natural" hemolysins 
for sheep rbc. Antisheep, antiBGG, antiXpBGG, and antiBSA 
henolyzed sheep cells but not 0, A, or B human cells. (Supported 
grant H-3693 (C2) from the U.S. Public Health Service, and 
WR Contract 225 (46) between Stanford University and the ONR.) 
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Immunology 


INHIBITION OF THE ANAPHYLAXIS SENSITIZING AND ADJUVANT EFFECTS 
OF B. PERTUSSIS. Leon S. Kind and Suzanne K. Roffler , Dep't. 
of Microbiology, Univ. of Calif. School of Med.,San Francisco, 
California. 

It is well known that mice inoculated with B. 
and bovine serum albumin have an enhanced sensitivity to 
anaphylactic shock when subsequertly challenged with BSA. 
However, the incidence of anaphylaxis as well as the amount 
of circulating antibodies to BSA are both significantly re- 
duced in mice injected with pertussis vaccine 5 days prior to 
sensitizing injections of pertussis vaccine and BSA. Of 303 
mice injected with B. on day 0 and B. pertussis 
plus BSA on day 5, 47 (15%) succumbed to challenge doses of 
BSA on day 15. Of 315 mice sensitized with B. pertussis and 
BSA on day 5, 78 (56%) died from challenge with BSA on day 15. 
Replacement of the inhibiting injection of B. pertussis on 
day 0 with such materials as boiled pertussis vaccine, Proteus 
OX19 vaccine, S. typhoga vaccine, mortality enhancing poly- 
peptide from Ps. pseudomallei, E. coli endotoxin, Zymosan, or 
horse serum failed to reduce the anaphylaxis sensitizing ef- 
fect of a subsequent injection of B. pertussis. A prior 
injection of B. also reduces the incidence of ana- 
phylaxis in mice sensitized with BSA in Freund's adjuvant. 


Immunology 


THE RELATION BETWEEN MOLECULAR WEIGHT OF ANTIGEN AND ABILITY 
TO ELICIT PASSIVE CUTANEOUS ANAPHYLAXIS. sity Leskowits and 
tan Ovi + Harvard Medical School, Boston, oleVe 

ool of Medicine, N.Y. 

Severe anaphylactic reactions are occasionally seen in man 
following injections of relatively small amount of allergen. 
One possible explanation is that the amount of material in- 
jected, while small in terms of total weight, might be large 
in terms of total mumber of molecules, with allergens of low 
molecular weights. To gain some quantitative evidence in 
support of this hypothesis, passive cutaneous anaphylaxis 
(PCA) was studied in the guinea pig with rabbit antibody te 
antigens varying in molecular weight from 1x10? to 6x10°. It 
was found that at a given antibody level, the weight of anti- 
gen needed to elicit a positive reaction decreased with de~ 
creasing molecular size, so that comparisons on a mole for 
mole basis indicated the approximately equal effectiveness of 
all antigens used. Moreover, the amount of a particular anti- 
gen needed to elicit a PCA reaction was found to be consider- 
ably less at a high level of antibody than at a low level. 
The net effect of these factors was that at high levels of 
antibody, remarkably small quantities of the low molecular 
weight antigens were found to be effective in producing 
positive reactions. (Supported by grant from NIH) 
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Immunology 


ACUTE 4ND PROTRACTED ANAPHYLACTIC SHOCK AFTER SUBCUTANEOUS 
CHALLENGE IN RANDOM-BRED AND INBRED GUINEA PIGS, 
Sanford H, Stone (NIAID, NIH, Bethesda, Maryland) 

Previous studies showed survival time of guinea pigs (g.p.) 
challenged by the S.C, route decreased with decreasing amts of 
passive antibody (ab); "excess" ab in the circulation inhibits 
the early absorption of free antigen from the local site, re- 
ducing chances of death from bronchospasm and prolonging the 
anaphylactic syndrome, Increases in the amt of antigen in the 
S.C. eliciting dose also decrease survival times, In actively 
sensitized g.p., an acute type of shock was elicited at a time 
when ab was first demonstrated (9 days; PCA titer 1/100-1/320; 
death in 11-60 min,) and the syndrome was more prolonged later 
when larger amts of circulating ab were found (19-20 days; PCA 
titer 1/10,000-1/20,000; death in 5-72 hrs.). A passive ana- 
phylaxis assay based on survival time in g.p,. sensitized with 
known amts of ab was designed to provide a rough measure of 
total in vivo ab (in circulation and in tissue) in actively 
Sensitized g.>. Quantitation of this type depends on homo- 
geneity of reactivity in g.p. Anaphylactic reactivities of 
Hartley and inbred g.p. (Str.2) were compared; Str.2 g.p. were 
less susceptible to the acute bronchospasm stage of anaphylax- 
is, a difference observable after S.C, but not I,V, challenge, 
It is concluded that the capacity of an antiserum to confer 
passive anaphylactic sensitivity upon g.p, may be more clearly 
defined in tests involving S.C, rather than I,V, challenge, 


Immunology 


REVERSE PASSIVE SYSTEMIC ANAPHYLAXIS. Jacob and 
« Northwestern Univ. Med. School, Chicago, 
Til. 

Human gamma globulin (HGG) was injected intravenously into 
the guinea pig. After a latent period of 24 to 72 hours 
intravenous challenge with rabbit anti-HGG resulted in typical 
anaphylactic symptoms. The minimum quantity of HOG needed to 
sensitize to lethal reverse passive anaphylaxis was 1.25 mg 
per kg body weight when challenge was subsequently made with 
300 we anti-HGG N. With rabbit gamma globulin (RGG) and horse 
anti-RGG 0.75 me RGG and 300 pe anti-HGG were required to pro- 
duce lethal reverse passive anaphylaxis, Inhibition was ob- 
served with sensitizing amounts of HGG in excess of 7.5 mg per 
kg body weight or amounts of RGG in excess of 5 m per kg body 
weight. The inhibitory dose of HGG remained the same whether 
the latent period was 24 or 72 hours. These findings are re- 
miniscent of the previously reported inhibition of ordinary 
anaphylaxis by certain heterologous serum gamma globulins. At 
that time evidence was obtained that the inhibition was not 
due to competition with antibody for cell sites. Inhibition 
of reverse passive anaphylaxis when large amounts of HGG or 
RGG are used in sensitization supports this conclusion. 
Similarly, in animals sensitized with guinea pig anti-RGG and 
subsequently challenged with RGG, inhibition was observed when 
excessive amounts of antigen were used in challenge. 


Immunology 


ANTIGEN-ANTIBODY INTERACTION IN THE GUINEA PIG SMALL INTES- 
TINE. Harold C. Neu, * Harry G. Randall* and Abraham G. Osler. 
The Johns Hopkins School of Med., Baltimore, Md. 





An isometric smooth muscle assay system has been applied 
to the study of antigen-antibody interaction in the guinea 
pig small intestine. Highly reproducible dose-response rela- 
tionships for several immune systems have been obtaiued. The 
contraction which follows the addition of antigen to sensi- 
tized tissue is preceded by an induction period whose duration 
varies inversely with the quantity of antigen, rarely lower 
than about 15-20 secs. The corresponding values for anaphyla- 
toxin, acting on non-sensitized intestinal strips approximate 
5 secs., while that for histamine and serotonin is less than 
2 secs. Guinea pig small intestine incubated with protein or 
polysaccharide antigens contracts upon the addition of the 
specific rabbit antiserum. It has also been noted that, 
following in vitro sensitization, a response to one immune 
system may lead to a diminished contraction to an unrelated 
set of immune reactants. 
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Biochemistry 


GENERAL METHOD FOR ISOLATION OF LIPOPOLY 
RIDE ENDOTOXINS. . STUDY OF LIPID AND POLYSACCHA. 
RIDE MOIETIES, Henry Tauber and Harold Russell.* Vener. 
eal Disease Exp. Lab., Communicable Disease Center, 9, ¢ 
Public Health Service, School of Pub. Health, Univ. of Nor 
Carolina, Chapel Hill. 

The present, generally applicable method for the prepar. 
ation of endotoxins, is based on the fractionation of dialyzed 
phenol-water extracts with acetone and centrifugation at 
moderate speeds. The use of an ultracentrifuge is not 
necessary. Lipopolysaccharide endotoxins isolated from 
different gram negative bacteria contained lipids and certain 
amino compounds firmly bound to polysaccharides. Pro- 
teolytic and lipolytic enzymes did not detoxify endotoxins or 
hydrolyze the lipid moiety. There are marked chemical but 
not toxicologic differences between lipopolysaccharides ob 
tained from different bacteria. 
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Biochemi 
PREPARATION OF A CHEMICALLY MODIFIED NON-TOXIC E. COLI ENDO- 
TOXIN OF HIGH IMMUNOGENIC POTENCY. Hans Noll and A. I. 

Dept. of Microbiol. and Dept. of Medicine, Univ. of Pittsburg 
Sch. of Medicine, Pittsburgh, Pa. 

Native endotoxin preparations of the Boivin type are 
immunogenic lipopolysaccharide protein complexes of high toxi- 
city. According to available evidence, immunogenic potency is 
associated with the protein, toxicity with the Lipopolysac- 
charide and serological specificity with the polysaccharide 
portion of the molecule. Attempts in the past to prepare no 
toxic antigens for immunization by removal of the Lipid were 
unsuccessful because hydrolytic methods lacked selectivity ai 
solvent extractions were ineffective. Complete detoxificatia 
was accomplished by treatment of a Boivin antigen from E. coli 
with LiAlH4. The resulting product was non-toxic: LD59 for 
mice > 1.0 mg, minimal pyrogenic dose for rabbits > 0.1 mg, m 
leucopenia with 5 yg. Immunogenic potency was at least equal 
to that of the original endotoxin as measured by the capacity 
to induce precipitating antibodies, pyrogen tolerance and pro 
tection against lethal toxicity and infection. Infrared 
spectroscopic and chemical evidence indicates that detoxifica 
tion results from the removal of fatty acids by reductive 
cleavage of ester bonds with LiAlH,. Other chemical changes 
associated with reduction of toxicity will be discussed in 
greater detail. 
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Pharmacology 
THE EFFECT OF CORTISONE ON THE ACTION OF ENDOTOXIN IN CULTURES 
OF SPLEEN FROM NORMAL RABBITS. Dorothy H. Heilman* Mt. Alto 
V.A. Hospital, Washington D.C. 

Endotoxin (E. coli, Difco) in,a concentration of one meg/al 
of media decreased the migration of leucocytes from explants 
of spleen in plasma clot cultures. Macrophages were inhibited 
by 0.1 mcg/ml of endotoxin. Increasing the amount of endotoxin 
caused a progressive decrease in extent of migration of macro 
phages with corresponding severe morphologic changes. Previow 
studies have shown that small amounts of cortisone in cultures 
of spleen or lymph node stimulate the migration of macrophages 
and increase the rate of destruction of lymphocytes in a 
majority of experiments (Proc. Mayo Clin. 20: 310, 318, 1945)e 
In the present study the damage to macrophages was not as 
great when cortisone was added to cultures along with endotoxin 
as in cultures containing endotoxin alone. Depending on the 
concentrations of endotoxin employed cortisone partially, or 
almost entirely prevented restriction of migration and morph0- 
logic damage. In cultures containing 20 mcg/ml of endotoxin 
equal protection resulted from 5, 10 or 20 mcg/ml of cortisom 
The combined effect of cortisone and endotoxin on leucocytes 
was complex due to the fact that granulocytes were more 
sensitive than lymphocytes to the action of endotoxin, and 
lymphocytes were selectively damaged by cortisone.The results 
of morphologic studies will be presented. 
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Pharmacology 


BFFECTS OF BACTERIAL ENDOTOXIN AND CERTAIN HORMONES 
on OXIDATIVE METABOLISM OF RAT DIAPHRAGM. A.D. Rubinf¢ 
j. Cascarano, and B.W. Zweifach, N.Y¥.U. Medica 
Genter, New York. ahi 

Endotoxemic animals are known to display an an- 
aerobic type metabolism, as well as a marked deple- 
tion of energy reserves, There has been no clear. 
cut demonstration of the cellular dysfunction which 
sight precipitate these events. Isolated diaphragms 
taken from experimentally treated rats, were assayed 
directly for oxidative activity by the reduction 
of INT (2-p-iodopheny1-3-p-nitrophenyl-5-phenyl 
tetrazolium chloride) in the presence and absence 
of a redox dye, phenazine methosulfate (PM). 

Lethal endotoxemia produced no change while in- 
travenous injection of 10 y epinephrine signifi- 
cantly depressed this activity both in the pres. 
ence and absence of PM. Tolerance to endotoxin, 
epinephrine, and traumatic shock resulted in an 
elevation of activity only in the presence of PM. 
when endotoxin-tolerant rats were challenged, oxi- 
dative activity was depressed, but became elevated 
when PM was added. The nature and possible signifi- 
cance of these phenomena will be discussed. 


Pathology 


STUDIES ON THE SHWARTZMAN REACTION, PRODUCTION OF THE RENAL 
IESIONS BY INTRA AORTIC INFUSION OF THROMBIN, 
By: Benjamin Robbins* and Robert D. Collins.* Department of 
Pathology. Vanderbilt University School of Medicine, 
Nashville, Tennessee 

Renal cortical necrosis is the hallmark of the generalized 
Shwartzman reaction. Necrosis develons 12-2) hours following 
the second of two closely spaced injections of endotoxin, and 
is apparently due to occlusion of the glomerular capillaries 
by fibrin. In addition, injections of endotoxin produce a 
mrked decrease in the circulating level of fibrinogen, and 
the Shwartzman reaction cannot be produced in animals pre- 
treated with streptokinase, heparin, or warfarin. Despite 
this evidence implicating blood coagulation in the patho- 
genesis of the Shwartzman reaction, the intravenous injection 
of thrombin does not result in any specific renal changes. 

ln the present study, the characteristic gross and micro- 
scopic renal lesions of the Shwartzman reaction have been 
reproduced by injecting thrombin into the renal awteries. 
These results are additional evidence that the initiation of 
blood coagulation by endotoxin has a basic role in the 
pathogenesis of the Shwartzman reaction. 
(Supported by U.S.P.H.S. Training Grant 20-290) 


Pathology 
EFFECT OF TRYPSIN INHIBITORS ON SHWARTZMAN PHENOMENON. 
CC thou* and W. Antopol. Levy Baboratory, Beth Israel 


» New York City. 

It was reported that trypsin potentiates the Shwartzman 
Phenomenon (Proc. Soc. Exp. Bio. Med., 103: 725, 1960). The 
present communication deals with inhibition of this Phenomenon 
yy trypsin inhibitors. 28 female albino rabbits in the control 
gop and 37 in a second group received 6 intradermal injec- 
tions of 3, 6, 12, 25, 50, 100 gamma E, coli endotoxin (Difco) 
ad 2; hours later a provocative iv injection of 250 gamma 
tdotoxin, The second group received in addition 500 gamma of 
tude soybean trypsin inhibitor iv simultaneously with, or 
thortly before or after the provocative endotoxin injection. 
Ml endotoxin concentrations below 100 gamma produced fewer 
td weaker positive skin reactions in the inhibitor-treated 
than in the control rabbits, With a preparatory dose of 12 
guma endotoxin 75% of the controls but only 29% of the inhib- 
itor group were positive. Generalized Shwartzman reaction oc- 
tirred in 10 control but in only one inhibitor-treated animal. 
Mancreatic trypsin inhibitors showed similar effects. Inhibi- 
tors given intradermally or iv at the time of skin preparation 
id not inhibit the reaction. The inhibitory effect may be 
terted on a factor produced or activated following the skin 
Preparation, Aided by grants from Joseph and Helen Yeamans 
levy Foundation, Saul Singer Foundation, and Grant H2670 USPHS, 
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Pathology 
SEROTONIN RELEASE AFTER INJECTION OF E, COLI 
ENDOTOXIN IN THE RABBIT. R.B.Davis*, W.R.Meeker* 
and W.L. Bailey*, Depts. of Medicine and Surgery, Univ. of 
Minnesota Medical School, Minneapolis. 

Previous studies demonstrated a profound fall in serum 
serotonin, and in platelets after E. Coli endotoxin injection 
in the dog (Davis et.al., Fed. Proc. 18:211, 1959). To es- 
tablish platelet serotonin release after injection of purified 
E. Coli endotoxin, blood was obtained from the carotid artery 
of rabbits. Four dose levels, from 0.05 to 4.0 mg. /kg. 
were used. Plasma serotonin concentrations were deter- 
mined 15, 30, 60, 180, and 300 seconds after endotoxin in- 
jection. Platelet counts and serum serotonin concentrations 
also were determined during the first five minutes. A signi- 
ficant increase of plasma serotonin concentrations, compared 
with saline controls, was observed at all dose levels, includ- 
ing the lowest dose, at which only two of five rabbits died. 
The greatest serotonin liberation occurred fifteen seconds 
after 4.0 mg./kg. were given. With 0.05 mg./kg. the peak 
serotonin concentration was not seen till 30 seconds after en- 
dotoxin. The lowest platelet levels were noted one minute 
after endotoxin (approximately 1/10 of control levels). 
(Supported by USPHS grant H-5027 and the Minn. Heart Assn.) 





Pathology 


IN VITRO POTENTIATION OF SERUM PROTEOLYTIC ACTIVITY BY PROTEUS 
VULGARIS LIPOPOLYSACCHARIDE. W. An 1, G.H. Fried and C. 
Chryssanthou*, Levy Laboratory, Srael Hospital, N.Y.C. 

Bacte: lipopolysaccharide (LPS) influence on proteolytic 
activity of human serum was determined by spectrophotometric 
assay of acid-soluble products of casein digestion. Benzoyl- 
arginine-ethyl ester (BAEE) was used to determine tryptic 
activity of LPS alone; of preparations tested only E. coli 
LPS had measurable activity. Only Proteus vulgaris LFS pre- 
pared in our laboratory (J. Inf. Dis., 61: 331, ) produced 
appreciable proteolytic potentiation of serum, designated as 
PPP, Commercial preparations of E. coli LPS produced slight 
potentiation, while Serratia marcescens and S. typhosa LPS had 
no effect, The slight potentiation by E. coli IPS might be 
due to its inherent proteolytic activity. There is consider- 
able individual variation of PPP in human sera. It is also 
generally higher in human than in rabbit serum. PPP is less 
than the increase in activity produced by streptokinase. Soy- 
bean and pancreatic trypsin inhibitor had no significant in- 
fluence on PPP in human sera. Inhibition of crystalline 
trypsin activity (on BAEE) by these inhibitors was augmented 
by P. vulgaris LPS. Glutathione had no consistent effect on 
serum proteolytic activity or PPP. The nature of the proteo- 
lytic factor in PPP is under study. Aided by Grant H2670 
USPHS. 





Pathology 
POTASSIUM AND THE LETHAL AND TUMOR-NECROTIZING PRO- 
PERTIES OF BACTERIAL POLYSACCHARIDE, James R. Crook* 
and Russell S. Jones. Dept. Path., U. of Utah Coll. Med., Salt 
Lake City, Utah. 

The similarity of neuromuscular disturbances accompanying pot- 
assium imbalances and the weakness and prostation in infectious dis- 
eases suggest a common mechanism. As one means of evaluating 
this possibility, rats were injected intravenously with bacterial poly- 
saccharide (endotoxin) from K. pneumoniae in combination with KCI, 
NaCI and dextrose and the effect upon lethal toxicity and tumor re - 
gression determined. KCi enhanced the lethal toxicity of the bacterial 
polysaccharide in rats with and without Murphy-Sturm [ymphosarco- 
mas of uniform size. Toxicity was proportional to the product of poly- 
saccharide and KCI injected. Some enhancement of toxicity persisted 
when either the polysaccharide or KC{ were given as much as 24 hous 
before the other. Concomitant 0.85% NaCi diminished and 5% dextrose 
solution enhanced the lethal toxicity of the bacterial polysaccharide 
plus KCI. The KCI in microgram quantity greatly increased the tu- 
mor-necrotizing property of bacterial polysaccharide. Modification 
of toxicity, however, was not explained by changes in plasma leveis 
or urinary excretion of K or Na. The apparent interrelation of K and 
bacterial endotoxin emphasizes the hazards of administering "bal- 
anced electrolytes" solutions in bacterial infections. 








Pathology 


THE GENERALIZED SHWARTZMAN REACTION IN NEPHRECTOMIZED RABBITS. 
Donald A,B. Lindberg*. Dept. of Pathology, Univ. of Missouri, 
Columbia, Missouri. 

The generalized Shwartzman reaction has come to be synony- 
mous with "renal cortical necrosis", 
influence the reaction, e.g. reticuloendothelial phagocytosis, 
coagulability of the blood, etc., indicate no necessary role 


for the kidneys themselves in the production of the phenomenon, 


For this reason, both kidneys were removed from a series of 
rabbits. The rabbits also received intravenous doses of E. 
coli endotoxin. 


18-24 hours in all cases. Control series included studies of 


rabbits subjected either to bilateral nephrectomy or to adminis- 
tration of two doses of endotoxin, Control animals given endo- 


toxin alone developed the generalized Shwartzman reaction in 
60-70% of the cases. The reaction was absent in the nephrec- 
tomized controls. 


ble even though the kidneys had been removed from the test 


system. The changes included fibrinoid deposits in splenic 
sinusoids as well as hepatic and splenic thrombi. (Supported 
by USPHS Grant E-3679.) 

Immunology 


INACTIVATION IN VITRO OF ENDOTOXIN BY INTRACELLULAR LIVER 
ENZYME, R-J. Trapani*, V. S. Waravdekar*, M. sandy and 
M, J. Shear*, Nat. Cancer Inst., Bethesda, Md. and Armed 
Forces Inst. of Pathology, Washington, D, C. 

The means by which animals cope with ubiquitous endotoxins 


have not been ascertained,but it is evident that the host pos- 
sesses efficient means for metabolizing these toxic agents. The 





blood of various animal species contains enzymes capable of in- 


activating endotoxins in vitro.Similar endotoxin-degrading ac- 


tivity has now been obtained from animal tissues.Destruction of 


endotoxin following in vitro interaction with homogenates de- 
rived from tissues was determined by tumor damage and pyrogen 
assays.The inactivation in vitro of endotoxin by cell-free ho= 


mogenates of perfused rabbit liver conforms to the requirements 


of an enzyme=catalyzed reactionsanalogous treatment with liver 
slices yielded negative results.The properties of the enzymes 
in rabbit liver and in normal plasma were compared.Both dis- 
played a marked pH optimum at 9=9.53were inactivated within 20 
minutes at 50°C,stheir action was temperature-dependent and, 
under optimal conditions inactivation of endotoxin was pro-= 
nounced within 5-10 minutes.The intracellular enzyme was not 


demonstrably affected by Cat++,whereas that in blood was readily 


suppressed,Cell-free homogenates from other organs were ex= 
aminedsthus far, only liver consistently displayed high enzy- 
matic activity. 


Immunology 


NECROTIZING EFFECT OF THE LIPOID A COMPONENT 
OF ENDOTOXIN ON MOUSE SARCOMA 180. E. Neter, 
E. Mihich, and O. Westphal*. Roswell Park Memorial 
Institute, Buffalo, New York, and Wander-Forschungsin- 
stitut, Freiburg, Germany. 

Recent studies suggest that the lipoid A component 
of bacterial lipopolysaccharide is partially responsible for 
certain biologic effects of the endotoxin complex, such as 
enhancement of non-specific resistance to experimental in- 
fection and alteration of reactivity to epinephrine. The 
necrotizing effect on sarcoma 180 of E. coli lipoid A and of 
the corresponding lipopolysaccharide was investigated. The 
agents were injected intravenously or intraperitoneally into 
Ha ICR Swiss mice bearing 7 days-old tumors, and the 
effects were observed 24 hours later. The tumor necro- 
tizing activity of 25 to 100 yg of lipoid A was comparable to 
that of 5 to 20 pg of lipopolysaccharide. It is concluded that 
polysaccharide and protein-free lipoid A produces necrosis 
of sarcoma 180. This observation provides additional 
evidence that biologic effects of endotoxin can be produced 
with the lipoid A fraction. 








Yet the factors known to 


The first dose preceeded the nephrectomy by a 
day in Group A and immediately followed nephrectomy in Group B. 
The second intravenous dose of endotoxin followed the first by 


In the experimental rabbits, the extra-renal 
manifestations of the Shwartzman reaction were still demonstra- 








Immunology, 
THE LOCAL SHWARTZMAN PHENOMENON IN THE GUINEA PIG. . 
Herbert C. Mansmann, Jr.* Child. Hosp. and Univ. of 
Pittsburgh, School of Med., Pittsburgh, Pa. 

The local Shwartzman phenomenon can be produced in 70-904 
of Hartley guima pigs if the dose of endotoxin and the age 
of the guinea pigs are taken into consideration. The reactig 
was obtained by using 300 7 of bacterial endotoxin derived 
from E. coli in 0.1 ml of diluent as the skin test dose anj 
300 y of endotoxin intravenously as the challenging dose. 
These injections usually resulted in death in 10-20% of the 
animals and a hemorrhagic skin reaction occurred in an 
additional 10% of the guinea pigs before the intravenous 
challenging dose was given. In a small percentage of guines 
pigs 100 7 of endotoxin was sufficient to prepare the skin, 
but 300 7 of endotoxin was necessary as the challenging doge, 
The results were independent of the source of the bacteria] 
endotoxin and showed the same lack of specificity which is 
characteristic of the Shwartzman phenomenon in other species, 
The most consistent results were obtained when the guinea 
pigs weighed between 400 and 500 grams. Smaller guinea pigs 
were more prone to the lethal effect of the skin test dose 
and gave inconsistent results when they did survive long 





enough to receive the intravenous challenge. (Supported by 
U.S.P.H.S. Grant No. E-3084) 
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Pathology 


PATHOLOGIC FEATURES OF EXPRIMENTAL IMMUNO-ALLERGIC ARTHRITIS 
IN RABBITS, P. Brancato*, ¢.V. Teodoru and B,'!, Volk, 
Isaac Albert Research Institute, Brooklyn, N.Y. 

Bi-weekly injections of nephrotoxic duck serum (NTX) for 
6 weeks intra-articularly into rabbits, produced progressive 
irreversible arthritis after a latent period averaging 10 
weeks, Experimental facts strongly suggest that the NIX 
serum induced arthritis is of immuno-allergic origin. Control 
rabbits injected similarly with normil duck serum did not d& 
velop arthritis, The NIX injected joints developed swelling, 
tenderness, functional impairment, limitation of active and 
passive movements and eventually permanent deformity. Redio- 
logically there was effusion in the capsular space followed 
by intra-articular exudate and bulging of soft tissues. There 
were also in some instances hyperostosis, osteosclerosis ani 
various degrees of bone and cartilage destruction. Grossly 
the intra-articular space was filled by an exudate and occ, 
a granulation tissue. The cartilage was dull and eroded. In 
places bone was exposed. Histologically, the joint cavity cm 
tained PMN's and at later stages granulation tissue. The 
synovia and cartilage were infiltrated with PMN's. There was 
early ulceration of the cartilage and exposure of derlying 
bone. Eventually the articular cavity became oblitérated ani 
sclerosed, The kidneys remained unchanged, 





Pathology 


PREVENTION OF EXPERIMENTAL ALLERGIC ENCEPHALOMYELI 
(EAE) BY VITAMIN C DEPRIVATION. Peter S. Mueller’, 
Marian W. Kies, and Ellsworth C. Alvord, Jr. 
Natl. Insts. of Health, esda, + and Univ. of 
Wash. Med. School, Seattle, Wash. 

The high incidence of lipemia in guinea pigs with 
EAE led to a study of the effect of EAE on plasma 
free fatty acids (FFA). Significant elevations of 
FFA were observed in affected animals, even in thos 
without lipemia. In attempting to rule out the 
possible effects of fasting on this phenomenon 
scorbutic animals, who can not mobilize FFA in 
response to fasting, were injected with whole CNS 
plus adjuvants and compared with controls receiving 
an adequate supply of vitamin C. Scorbutic guinea 
pigs receiving the EAE injection showed no clear- 
cut neurological signs other than weakness which 
was probably due to scurvy, had no elevation of FFI, 
and failed to show histological evidence of CNS 
damage. Furthermore, after 28 days on the scorbutit 
diet (21 days post-injection EAE. adequate supple- 
mentation with vitamin C cured all signs of scurvy 
but failed to bring about late induction of EAE. 
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Pathology 


ULTRASTRUCTURAL CHANGES IN CONTACT DERMATITIS 
INTHE GUINEA PIG. Martin H. Flax and James B. 
Caulfield*. Mass. General Hosp. an arvard Medical Schoa. 
—Wartley guinea pigs sensitized by foot pad injection with 
0,.2emoles of 2,4 dinitrochlorobenzene (DNCB) in complete 
Freund's adjuvant were tested by cutaneous application of one 
drop of 0.05% DINCB in acetone eight days later. The contact 
sites were biopsied at intervals from 2 - 48 hours and 

studied by means of light and electron microscopy. At two 
and four hours after skin test both the non-sensitized and 
sensitized animals showed intracellular edema and alterations 
of the tonofilaments and desmosomes of epidermal cells. The 
sensitized animals had a more marked monmuclear infiltrate 
inthe epidermis and increased basal cell mitotic activity. 
Subsequent biopsies of sensitized animals showed prq@ression 
of these alterations with epidermal hyperplasia and extra- 
cellular edema. The non-sensitized animals had an in- 
creasing predominance of intracellular edema without ap- 
preciable spongiosis. These morphologic alterations will be 
discussed in relation to delayed hypersensitivity. 

(Supported by USPHS grant C-4955 and 2G 192 (Cl).) 


Nutrition 
CRITICAL RELATIONSHIPS BETWEEN CONSTITUENTS OF THE ANTIGEN- 
ADJUVANT EMULSION IN EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS 
IN A COMPLETELY SUSCEPTIBLE MOUSE GENOTYPE. Johanna M. Lee* 
and Howard A. Schneider. Rockefeller Institute, New York 21, 
IY. 

Experimental allergic encephalomyelitis (EAE) can be pro- 
duced 100% in an inbred mouse strain (BSVS) by "priming" the 
mice with pertussis vaccine and then injecting, with a ten day 
interval, 2 intracutaneous doses of a water-in-oil emulsion 
of mouse brain proteolipide containing mycobacteria as an adj- 
vent, A multi-factorial examination has now been made of the 
consequences for EAE of quantitatively varying (a)proteolipide 
antigen, (b)mycobacteria (dead H37Rv), and (c)the emulsifier. 
Atotal of 420 mice, in sets of 10, has been used. 

The quantitative manipulation of the emulsion items has 
been shown to be more crucial for EAE than has been recognized. 
Thus, with 5% Falba as an emulsifier only 1 of 30 combinations 
of (a) and (b) proved to be 100% successful. (14 mg. proteo- 
lipide and 2.5 mg. H37Rv/ml.) With no emulsifier (proteo- 
lipide alone has emulsifying properties) such quantitative 
relationships became less critical and the permissible vari- 
ation of the emulsion items was observed to widen. (Supported 
by grant B-1565(c) from NINDB, PHS.) 


Immunology 


ANTIBODY RESPONSES IN UNSUCCESSFULLY VACCINATED INDIVIDUALS. 
William B. Pincus* and John A. Flick. raduate School of 
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Medicine, University of Pennsylvania, Philadelphia. 


In assaying the role of allergy in vaccinia infection, individuals who 
had been unreactive to a primary vaccination were bled for serological 
determination of their antibody response to vaccinia virus. They were 
then revaccinated with both live and dead virus. The reactions were 
observed 2 days and 7 days after vaccination. Four weeks later, blood 
was again taken to determine any change in antibody titer. The HA 
inhibition and the neutralization technics were employed to determine 
the antibody response. It was found that in spite of the lack of re- 
sponse to primary vaccination, antibodies against vaccinia virus were 
present in all but one. The subsequent vaccination indicated that 
lypersensitivity was already present. Therefore, successful infection 
ty vaccinia virus did occur in these individuals in spite of the lack of 
Gppearance of a local primary lesion. It is suggested that the primary 
lesion usually observed but absent in these persons may be a reaction of 
allergy. Animal experiments are in progress to test this hypothesis. 
Supported by a grant from the Nat. Inst. of Health.) 
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ACIDIC MUCOPOLYSACCHARIDES AND RESISTANCE TO 
LETHAL EFFECTS OF RUSSELL VIPER VENOM. B,D. 
Higginbotham? Univ. Texas Med. Br., Galveston. 

Previous studies have indicated that subQ. inj. of small 
amts. (0.5 g/gm) Russell Viper Venom (RVV) in the mouse 
will initiate a rapid liberation of the heparin-containing gran- 
ules of local tissue mast cells (Int. Arch. Allergy, 1959, 
15:195). It was suggested that this cellular response may be 
an important aspect of resistance to this toxic material since 
heparin can protect mice against the lethal effects of the 
venom. In the present study, the protective effect of heparin 
and other tissue mucopolysaccharides (Mps) was evaluated by 
challenging groups of mice (i. v.) with 0.25 ml saline contain- 
ing 1.6 LD50 of RVV in mixture with one of a series of 
graded amts. of various tissue Mps. The 50% protective 
dose of heparin was approx. 0.55 "g/gm, heparin monosul- 
fate: 4.0 1g/gm, chondroitin sulfate B: 6.7 »g/gm, whereas 
chondroitin sulfate A and C (shark cartilage) and hyaluronic 
acid were relatively inactive. Prelim. studies suggest that 
protection obtained by treatment with heparin and other Mps 
is far superior to that with cortisol or attempts at immuniza- 
tion. (Supported by USPHS Grant #A-3407 R1) 
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Immunohistochemical Localization of Cx-Reactive Protein in In 
flammatory lesions of the Rabbit. Ki *,and MH. Kaplan. 
Dept. of Medicine, Western Reserve University, Cleveland, Ohio. 
Fluorescent antibody techniques have been devised for the 
detection in rabbit tissues of Cx-reactive protein (CxRP), an 
acute-phase protein analogous to CRP in man. Delipidated CxkP, 
four-times reprecipitated with pneumococcal Cx-carbohydrate, 
was used as antigen for preparation of goat antiserum, Anti- 
serum exhibited faint precipitation with normal rabbit serum; 
following absorption with the latter, it yielded one band when 
tested against acute phase serum on agar diffusion, and a 
cross-reactive pattern with human CRP, For histologic studies, 
local acute inflammation was induced by intramuscular injec- 
tion of typhoid vaccine in rabbits. CxRP could be demonstrated 
by specific immunofluorescent techniques in sections of the im 
flamed site 24 and 44 hours following injection. Antigen was 
localized in the sarcolemma and in sarcoplasmic inclusions 
within eosinophilic degenerating muscle fibers. Staining was 
not observed in nonm-involved muscle, even when CxRP was pres- 
ent in serum, Similar results were obtained in animals render- 
ed leukopenic with nitrogen mustard, indicating that polymor- 
phonuclear cell infiltration was not essential. This distribu- 
tion of CxRP may represent either a site of origin or a site 


of Sopnettioe in an eye gerne focus. rovements in sen- 
sitivity of the method may permit disti shing between 
these possibilities. 
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ACCELERATED SKIN REACTIONS AT RETEST SITES IN DELAYED 
HYPERSENSITIVE GUINEA PIGS. Ba: G, Arnason*and Byron H. 
Waksman, Mass, General Hosp.and Harvard Med.School ,Boston ,Mass, 

Skin reactions in animals tested 7 days after sensitization 
by Salvin's method appeared at 6-@ hrs and reached maximal di- 
ameter at 18-24 hrs. Virgin sites in the same animal,tested 
over the following 7 days,there being no demonstrable circu- 
lating antibody,followed an identical course,Reactions to re- 
test of the initial site,however, began in 3-4 hrs,were max- 
imal at 6-10 hrs,and faded by 18-24 hrs. These showed an in- 
tense eosinophil infiltration of the superficial dermis ,ap~ 
pearing at 2-3 hrs,maximal at 8-10 hrs,and closely correlated 
with increased vascular permeability to dye.No plasma cells 
were seen.Systemic,rather than local reinjection of antigen, 
followed at 3 hrs,by I.V.dye, revealed increased vascular per= 
meability at sites of prior delayed reactions.Sensitization 
with 2 unrelated antigens and cross retesting showed that all 
observed changes were immunologically specific.This accel- 
erated reaction,occurring in the absence of circulating anti- 
body differs from the Arthus in time course ,histology,and in 
the absence of dye extravasation in the first hr. Induced 
local antibody production beginning shortly after reexposure 
to specific antigen may account for the findings. The process 
may be analogous to the "flare-up" phenomenon in delayed 
hypersensitivity. 
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Pharmacology 


DRUG SENSITIVITY VARIATIONS IN T. EQUIPERDUM 
FOLLOWING EXPOSURE TO MUTAGENIC AGENTS. 

N. Ercoli. Instituto Venezolano de Investigaciones Cientfficas, 
Caracas (Venezuela). 

Purpose of the experiments was to establish whether 
the known inability of tartar emetic to form drug resistance 
may depend on a lack of mutagenic action. Progressive treat- 
ment of mice infected with T. equiperdum with nitrogen mustard 
and tartar emetic induced variations in virulence, antigenicity and 
drug sensitivity. Early relapses occurred with tartar emetic doses 
above the ones needed for complete clearing with the original 
strain. The relapse strains, even those forthcoming from one 
isolated trypanosome, after few passages reacquired the initial 
tartar emetic sensitivity, as did other strains which showed 
decreased sensitivity while treatment with the mutagen was 
maintained. The difficulty to obtain tartar emetic resistance 
may depend on the reversion of trypanosomes to their original 
sensitivity, most likely by some mutation process. (With technical 
assistance of Rafael Martinez). 


Pathology 


EXPERIMENTAL INDUCTION OF TUBERCLES IN RATS WITH PINE POL- 
LEN. A, Lindner, R. Naik*, T. Kutkam*, J. Sokatch* and J. Hammar- 
sten*, VA Hosp. and Univ. of Okla. Sch. of Med., Okla. City, Okla. 

The epidemiological and chemical studies of Cummings suggest that 
pine pollen might be one or the etiologic agent in sarcoidosis. Experi- 
ments were designed in our laboratory to determine whether sarcoidosis 
could be produced in rats with this agent. Since the active substance in 
pine pollen had not been identified, whole pine pollen, cell wall frac- 
tions and soluble substances of the pine pollen were injected directly in- 
to the spleens of rats. Controls were injected with saline. Groups of 
rats were sacrificed 1,2,3,4,8, 12 and 16 weeks after injection. Tuber- 
cles were found in about 65% of the pollen injected animals, most were 
in the spleen, some in lungs and liver. These tubercles were similar to 
those seen in human satcoidosis, consisting of epithelioid cells, lympho- 
cytes and Langhans type giant cells. The giant cells resemble those pro- 
duced by the tubercle bacillus; in each instance the agent is seen phag- 
ocytosed within the giant cell, Histochemical studies of the pine pollen 
and the lesions it produced have shown chemical constituents similar to 
those described for the tubercle bacillus, such as acid-fast staining and 
the presence of phospholipids. No lesions were found in rats injected 
with the soluble fractions of the pollen, with rag weed pollen or with 
saline. 
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A HISTOCHEMICAL STUDY OF PHAGOCYTIC AND ENZYMATIC FUNCTIONS OF 
RABBIT MONONUCLEAR (MN) AND POLYMORPHONUCLEAR (PMN) EXUDATE 
CELLS AND ALVEOLAR MACROPHAGES (AM). . 
and Paul C, Walter.* Henry Phipps Inst., U. of Fa., 

MN and PMN exudates were obtained by the intraperitoneal 
injection of mineral o11 or glycogen respectively. AM were 
obtained by the intratracheal injection of saline (Myrvik). 
Boiled yeast, chicken red blood cells (crbc) and polystyrene 
served as particles in phagocytosis experiments, which ran 10 
to 30 mimtes. Histochemical studies employed dried "unfixed" 
preparations on Mylar strips (Burstone), and were quantitated 
by the grammle-count method. It was found that MN and PMN 
containing particles had the same amount of acid and alkaline 
phosphatase, esterase and succinic dehydrogenase as adjacent 
phagocytes that had not ingested particles. AM, adapted during 
life for phagocytosis of dust and other particles, were found 
to be higher than MN in these enzymes, as well as in their 
avidity for crbc. Individual cells, however, do not always 
conform to the pattern of their respective cell type. Our 
concept of the phagocytic process is (1) its initial stage may 
involve protoplasmic excitation and increased metabolism of 
intact cells, but no increase in total amounts of enzymes 
present; (2) its subsequent stage may involve protoplasmic 
adaptation, namely, an in in y present and the de- 
velopment of specific avidities. (Supported by grants from 
Office of Naval Research and Natl. Inst. of Health.) 
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Immunology 
SYNERGISTIC EFFECT OF TRICHINOSIS ON EMC-VIRUS INFECTIONS a 
RATS. L, Kilham and L, J. Olivier*. Div. Biol. Stand. ang 
Natl. Inst. Allergy and Inf. Dis., National Institutes of 
Health, Bethesda, Maryland. 

The natural resistance of adult rats to infection and 
disease due to encephalomyocarditis (EMC) virus can be over. 
come if these animals are given a preceding infection with 
Trichinella spiralis. Results were particularly striking when 
minimal intraperitoneal doses of EMC-virus were used. Under 
these circumstances groups of rats given T. spiralis alone g 
the virus alone had little or no overt disease, whereas 
rats which received both agents, in the same doses as the 
single groups, experienced a high incidence of crippling ang 
death, a sharp and sustained fall in body weights and virus 
multiplied in high titers in their skeletal muscles which 
were infected with encysted larvae. EMC failed to multiply 
and was not recoverable from the muscles of rats which were 
inoculated with this virus alone. The implications of thege 
findings and their possible bearings on the natural history 
of EMC-virus infections will be discussed. 


Immunology 


YEAST HEMOLYSIN IN THE BREWING PROCESS. J.A. Parfentjev. 
Institute Applied Biology, New York. 

During the brewing process, 2 flocculent precipitate is 
formed called "Trub". It contains a hemolytic fraction solv 
ble et neutrality and alkaline reaction and is precipitable 
by acidificetion to pH 5.2. This hemolysin is absent in beer 
which has pH 4. Yeast hemolysin dissolves red cells of mics, 
rabbits and sheep. It required 1 mg. to hemolyse completely 
1 ml. of 1% suspension of sheep red cells. Hemolysin is mn 
active at 37°C; heating at 57°C for 30 min. has no effect, hit 
autoclaving destroyed it. This material is not very toxic; h 
i.v. route 250 mg/K produced 100% mortality among old 
ex-breeders. Mice injectec with a fraction of mg. intraven 
ously or intraperitonealy rapidly developed a higher resist- 
ance to this hemolysin, and next day half had survived, if 
challenged with the above lethal cose. Mice which cevelope 
resistance to hemolysin became refractive to inoculation with 
live Proteus vulgaris 0X 19, Micrococcus pyogenes var. eureis 
and Schigella disenteriae. In these mice we did not find a 
increase of antihemolysin in the serum. It appears that 
injection of hemolysin increases resistance in mice by the 
stimulation of ergotropy. 


Immunology 


MEASURE OF ADRENAL DEFENSE. E, F, Taskier* and E, Revici*. 
Inst. Applied Biology, New York, N. Y. 

The adrenals play an important role in the defense of the 
organism against noxious agents, a normal animal being more 
resistant to toxic effects than an adrenalectomized one. We 
have studied adrenal defense against a series of noxious sub 
stances by determining the M.L.D. for each agent in adrenal- 
ectomized and in sham-operated rats. The ratio of these two 
M.L.D. furnishes an index which we called the "Adrenal De- 
fense Index" or A.D.I. We utilize this index as a measure of 
the relative adrenal participation in the body defense reac 
tion against different substances. A low index points to 4 
general, non-specific response; a higher index indicates a 
more specific intervention. The agents studied were homolo- 
gous series of various fatty acids. Over 900 rats were used 
in this study. Saturated, non-saturated and most &-OH fatty 
acids had low A.b.1. Q@-OH lauric, and especially eleosteari¢ 
acid, a conjugated triene, had a very high A.D.1., pointing 
to a specific adrenal defense against them. This intensity 
of response was linked to a possible pathogenic intervention 
of these fatty acids, Cortisone, DOCA and NaCl were tested 
for their protectiveness. Cortisone plays an effective role 
in this defense mechanism; DOCA much less, and NaCl not at 
all. We propose to use this A.D.1. in general pharmacological 
studies, 
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Immunology 


IVE EFFECT OF INTRAVENOUS MUMPS VACCINE IN EARLY NEO- 

WATAL MICE. Waldon B. Wacker,* Murray M. Lipton, and Alex J. 
St . Ky. Child Health Fdn. Lab., Dept. of Pediatrics, 
Tniversity of Louisville School of Medicine, Louisville, Ky. 

Resistance of adult mice to certain virus diseases to which 
neonates are susceptible was investigated by techniques used 
in immunologic tolerance. Overman and Kilham's suckling mouse 
adapted mumps virus was chosen because of a direct correlation 
between resistance to infection with age, and antibody produc- 
tion. Mice less than 4 hours old were injected intravenously 
yith 20X conc. mumps vaccine (Lederie), followed by intracere- 
bral challenge with the mouse adapted virus at various time 
intervals after vaccination. These I.V. injected neonates, 
challenged 24 hours later, all developed encephalitis as ex- 
pected, but 69% (33/48) recovered, in contrast to 12% (5/43) 
of controls who recovered. This sparing effect may be attri- 
puted to viral interference or to antibody production. The 
plausibility of the latter is suggested by the demonstration 
of HI antibody at 21 days of age in the serum of those mice 
vaccinated I.V. at less than 4 hours of age. When such ani- 
mils are then further vaccinated I.P. the antibody levels rose, 
although not as high as 21 day old mice vaccinated I.P. de 
novo. This may reflect specific antibody suppression in keep- 
ing with the concept of immunologic unresponsiveness. 
(Aided by a grant from the National Foundation). 


Immunology 


PROTECTION AGAINST MENGO VIRUS BY AGENTS AFFECTING THE RES. 

L. J. Old,* D. A. Clarke, E. Stockert,* C. Porter,* and S. W. 
Orenski.* Sloan-Kettering Institute, S-K Division, Cornell 
thiversity Medical College, and Boyce Thompson Institute. 

The blood clearance of a number of viruses by phagocytic 
cells of the reticuloendothelial system (RES) and in certain 
cases (hepatitis, ectromelia, yellow fever) the early mlti- 
plication of viruses within these cells have suggested that 
induced modification of macrophages prior to virus challenge 
night alter the course of virus infection. The LD5o (virus 
dilution) in Swiss mice infected with Mengo virus I.V. was re- 
duced by 1 to 2.5 logs by previous treatment with a variety of 
agents known either to be phagocytized by the RES or to in- 
crease its phagocytic capacity. Among these are: zymosan, 
endotoxin, atabrine, tobacco mosaic virus, infection with 
Bacillus Calmette-Guerin, Friend leukemia virus, or an agent 
isolated from Sarcoma 180. However, other substances which 
are also phagocytized by the RES such as colloidal carbon, 
iron oxide, and foreign red cells, or which induce prolifera-, 
tion of these cells such as Lipid A or estradiol did not alter 
the lethality of Mengo infection. While it is not known for 
certain what modification of the RES or other systems is in- 
volved in protection against Mengo, the data suggest that cer- 
tain substances are capable of rendering the macrophage unsuit- 
able for virus replication and that these cells are possible 
sites for interference phenomena. 
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A CELLULAR BASIS FOR VIRUS RESISTANCE, Iheis* and Hil- 
aty Koprowski,Wistar Inst. of Anat. & Biol., Phila., Pa. 
Resistance of certain mice to Arbor B viruses has been de- 
Stribed as the expression of a single dominant gene. In this 
study a cellular basis for inherited virus resistance was 
found in the reticulo-endothelial system. Virus yield from 
West Nile-infected tissue cultures of kidney,spleen,and peri- 
toneal exudate cells was compared. Approximately the same a- 
mount of virus was released by kidney cells from virus-suscep~ 
tible and resistant mice. However, macrophages from spleens of 
resistant mice produced little or no virus, while splenic mac- 
tophages of susceptible mice released substantial amounts of 
infectious virus. Likewise a difference in level of virus mul- 
tiplication was detected by comparing virus yield from peri- 
toneal macrophages of resistant and susceptible mice, Macro- 
phages from susceptible mice immunized against West Nile were 
infected with virus and, like resistant mouse cultures, little 
infectious virus was released. Studies using fluorescent West 
Mile antibody were conducted on infected macrophage cultures 
from susceptible mice, immunized susceptible mice, and resist- 
ant mice. Cultures from susceptible mice and immunized mice 
Contained the same percentage of cells exhibiting specific 
fluorescence, whereas in contrast few fluorescing cells were 
seen in infected macrophage cultures from resistant mice. 
(Supported by USPHS Grants C4534 & 26-142.) 










Immunology 
THE ANALYSIS OF HUMAN STREPTOCOCCAL INFECTIONS BY 
IMMUNOELECTROPHORESIS. S.P. Halbert and S$. Keatinge,* 
Columbia University, College of Physicians and Surgeons, N.Y.C. 
Previous observations have demonstrated that Group A streptococci re- 
lease numerous extracellular, but few cellular antigens, in human tissues, 
as evidenced by detection with naturally occurring antibodies in human 
sera and normal pooled gamma globulin. In order to obtain further in- 
dications of the total number of systems involved, i lectrophoretic 
studies have been carried out, with streptococcal concentrates or frac- 
tions as antigens. It was found that these organisms release at least 20 
distinct extracellular antigens in infected humans, using gamma globulin 
as antibody source. Tentative identification of several precipitating 
arcs has been made, using fractions isolated by a combination of con- 
tinuous flow electrophoresis, and column chromatography. These in- 
cluded streptolysin O, proteinase precursor, DNase B, and a C carbo- 
hydrate containing antigen. Comparative studies with 4 hyperimmunized 
concentrated horse antisera, and individual whole rheumatic sera indi- 
cated that the human sera or globulins were remarkably potent. 
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Physiology 
TWO MECHANISMS FOR RETICULO-ENDOTHELIAL SYSTEM STIMULATION. 
Lola S. Kelly and Ernest_L. Dobson. Donner Lab., Univ. of 
Calif., Berkeley. 

Functional stimulation of the liver R.E.S. by endotoxin 
and estradiol was affected differently by radiation, support- 
ing the hypothesis that R.E.S. stimulation can occur by two - 
mechanisms, activation of existing cells or RE cell prolifera- 
tion. Howard (J. Path. and Bact. 78, 465, 1959) has stressed 
activation of existing cells as the mechanism for stimulation 
by endotoxin. We have shown that estradiol produces marked 
cell proliferation in liver compared to that produced by endo- 
toxin (Am. J. Physiol. 198, 1134, 1960). These DNA synthesiz- 
ing littoral cells were phagocytic. Mouse livers: were irra- 
diated by injection of colloidal CrP320, (3000 rads in 10 
days). Phagocytic function was senauied by blood clearance 
of colloidal carbon three days after injection of endotoxin 
or estradiol. Liver irradiation did not prevent the increase 
in acid phosphatase staining in littoral cells nor the phago- 
cytic stimulation, which normally follow endotoxin injection. 
In contrast, however, radiation did prevent the usual increase 
in littoral cell number following estradiol. Phagocytic 
stimulation by estradiol was severely inhibited by radiation, 
but some stimulation was still present, suggesting that estra- 
diol acts primarily by causing an increase in cell number 
but that some activation of existing cells also occurs. 


Physiology 


CHARACTERIZATION OF A RETICULO-ENDOTHELIAL STIMULATING AGENT 
IN ZYMOSAN. S. J. Riggi*, N. R. Di Luzio. (Intr. by C. W. 
Sheppard) Univ. of Tenn., Memphis, Tenn. 

In view of the important biological activities produced 
by the parenteral administration of zymosan, a 3 u cell wall 
preparation from Saccharomyces cerevisiae, an investigation 
was undertaken to determine the chemical fraction responsible 
for its reticulo-endothelial (RE) stimulatory effects. Func- 
tional activity of the RES was evaluated by the rate of carbon 
clearance and the degree of induced RE hyperplasia. The ad- 
ministration of zymosan complex to normal rats was associated 
with an 8-fold increase in the removal rate of colloidal car- 
bon and marked RE hyperplasia. A chloroform-ether extract- 
able lipid fraction showed no RE stimulatory activity. Activ- 
ity was still present in the insoluble residue after removal 
of both free and bound lipids. The yeast polysaccharide man- 
nan was devoid of activity. A lipid free polysaccharide, 
glucan produced marked RE hyperfunction and hyperplasia. 
Laminarin, a neutral polysaccharide obtained from algae, 
possesses a chemical configuration similar to yeast glucan 
and induced marked RE hyperfunction. These and other data 
indicate that an RE stimulant in zymosan is the polysaccha- 
ride glucan and that the unique 1-3 B glucoside linkage is 
the essential chemical structure. (Supported by AEC and 
USPHS Grant H-5367) 
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DISPOSAL OF CIRCULATING HEMOGLOBIN IN HUMAN AND RAT; A 
COMPARATIVE STUDY. E.R.Gabrieli*, M. Schreiber* and 

J.I. a Millard Fillmore Research Institute, Buffalo, 
ew Yo 


The clearance and cataboliem of I.V. injected hemoglobin 
(Hb) was studied in order to test reticulo-enfothelial (RES) 
activity. Striking dissimilarities between the human and the 
rat were observed. As opposed to human serum, normal rat 


serum contained little or no haptoglobin (Hp) (Jayle's method) 
although considerable levels were found in turpentine-injected 


rats. Even though after adding I-131 labeled Hb to "normal" 
rat serum, most of the Hb was found (by electrophoresis) in 
the alpha-two area, additional Hb bands were present also in 
gamma, beta and albumin regions. 
also when the blood clearance of I.V. injected Hb was studied, 
In humans, the clearance is linear down to 10 m. Hb per 100 
ml. serum provided the injected dose is kept below the Hp 
level. ‘The clearance remains unchanged (in the range up to a 
260 mg.% Hb dose) with an intravascular half-life of 30 min- 
utes. 


human, (Supported by USPS Grant E-3014.) 
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ACID PHOSPHATASE ACTIVITY OF RETICULOENDOTHELIAL CELLS OF 
GENETICALLY RESISTANT AND SUSCEPTIBLE MICE DURING INFEC- 
TION WITH MURINE SALMONELLOSIS. M. Wachstein, D. H. 
Boehme* and H. A. Schneider. St. Catherine's Hosp., N.Y. 
Hosp. - Cornell Med. Center and Rockefeller Inst., N. Y. 

Susceptible (BSVS) and resistant (BRVR) mice were in- 
fected with Salmonella typhomurium. Frozen sections from 
liver and spleen of animals sacrificed at frequent inter- 
vals were stained for acid phosphatase activity and the 
number of positive reacting reticuloendothelial cells was 
counted in 10 oil immersion fields. 79% of the resistant 
mice survived up to time of sacrifice (30 days), while 
all susceptible animals succumbed by the 14th day. Fol- 
lowing infection a marked rise in the number of positive 
reacting R.E. cells occurred in the susceptible animals. 
A similar increase, although delayed in onset, was also 
observed in the resistant mice. These findings parallel 
previously reported observations in which carbon clear- 
ance was measured (Boehme et al, J. Exper. Med. 110, 9, 
1959). From the results with' both methods a significant 
activation of the R.E.S. can be deduced. This response 
can however not be correlated to the predicted ani ob- 
served outcome of the infection. The findings further 
increase doubt that activity of the R.E.S. system is as- 
sociated with predictable survival. (Supported by Grants 
A688 and B1565 U.S. Public Health Service) 








Immunology 


INTERACTION BETWEEN PHAGOCYTES AND LISTERIA MONOCYTOGENES IN 
VITRO. John W. Osebold and A. Njoku-ObI*. Sch. Vet. Med., 
Univ. of Callf., Davis, Callf. 

Cellular immunity was studied ut! lizing Listeria monocy- 
togenes and phagocytic cells from sheep. Plastic culture 
chambers were used (Kapral and Shayegani, J. Exptl. Med., 110, 
123, 1959). Four host-parasite combinations were studied: 
normal cells-normal serum, normal cells-immune serum, 

Immune cells-normal serum, and Immune cells-Immune serum. 
During the first 2 hours of interaction all combinations 
manifested bactericidal effect on the parasite since 57 to 91% 
of the bacterial Inoculum was not recoverable at that time. 
Samples were taken 4 times during a 22 hour perlod of Inter- 
action. As time Increased, divergence of pattern In the host- 
parasite systems became apparent, wherein the Immune cel!- 
immune serum combination reacted differently. The percentage 
of cells surviving at the terminal examination was approx! - 
mately 60% In the Immune cell-immune serum combIinatlon while 


the other 3 combinations had an average of about 10% survivors. 


Bacterial growth was suppressed In the Immune cel1-immune 
serum combination since maximum Increase obtalned was 13 fold, 
while 2000 fold increases were reached In the other systems. 
Altered cellular activity may be an Important factor In 


resistance to L. patenxtnseans- (Supported In part by 
NIH Grant E-1080. 


Gross differences were noted 


Implications of these findings will be discussed in the 
light of differences in RES characteristics in the rat and the 
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Immunology 
FATE AND MICROPHAGOCYTOSIS OF INJECTED FERRITIN IN MICE, 
Hans-Jobst Wellensiek.* Dept. of Bacteriology, Harvard Medi- 
cal School, Boston, Mass. 

Ferritin is an antigen (Mazur et al. 1950) whose individug) 
molecules (Farrant, 1954) can be traced by electronmicros 
(EM). Therefore the fate of 10 mg i.v.-injected cadmium-free 
horse ferritin was studied in lung, liver, kidney, spleen, 
lymph nodes, and duodenum of mice by immunofiuorescence, Prug- 
sian blue reaction, and EM. With all three techniques ferri- 
tin is found 25 min. post inj. in the endothelium of the vas- 
cular system. In the kidney ferritin passes between the endo- 
thelial celis of the glomerular capillaries and is seen in 
basement membrane of both glomeruli and tubules but no detec- 
table excretion of ferritin occurs. After 2 days ferritin has 
left the circulation and is now present only in cells of the 
RES which incorporate it by micropinocytosis (Bennett, 1956) 
through invagination of their cell membranes and formation of 
minute vesicles. In the cytoplasm ferritin is aggregated in 
larger granules of variable fine structure. Occasionally 
ferritin-like particles were found in the nuclei of Kupffer 
cells and cells lining the sinuses of lymph nodes. The larger 
ferritin granules stain specifically with fluorescent antibody 
and are indistinguishable from hemosiderin granules, which 
strongly suggests a close relationship if not identity, 
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Immunology 


IMMUNIZATION WITH AEROSOLIZED VENEZUELAN EQUINE ENCEPHALO- 
MYELITIS LIVE VIRUS VACCINE. Ralph W. Kuehne and William §, 
Gochenour, Jr., U. S. Army Med Unit, Ft. Detrick, Maryland 

Immunization of laboratory animals and man with living 
bacterial vaccines administered by the respiratory route has 
been shown to be practicable and free of untoward reactions, 
Aerogenic immunization of animals with a guinea pig heart 
tissue culture propagated living Venezuelan Equine Encephalo- 
myelitis (VEE) virus vaccine was investigated in this study. 
Mice, guinea pigs, and rhesus monkeys (M. mulatta) were 
presented with varying doses of aerosolized vaccine virus by 
means of a dynamic cloud generator. No untoward vaccinal 
reactions were observed in any animals; monkeys failed to 
show roentgen evidence of pulmonary reaction. All animals 
presented with 1000 or more parenteral guinea pig immunizing 
doses were refractory to parenteral challenge with a virulent 
strain of VEE fourteen days post aerogenic vaccination. Lesser 
presented doses were not uniformly immunogenic. Aerosol con- 
centrations of vaccine required for successful immunization 
are readily and economically attainable. These studies have 
developed information permitting examination of aerogenic 
immunization of man against VEE. 


204 LIPIDS 
Physiology 


INFLUENCE OF DIETARY LIPIDS ON RETICULO-ENDOTHELIAL FUNCTION. 
N. R. Di Luzio, J. A. Logue*, S. J. Riggi.* Dept. of Physiol, 








Univ. of Tenn., Memphis, Tenn. 

Our previous studies have suggested a role of Kupffer 
cells in cholesterol metabolism and indicated that, since 
reticuloendothelial (RE) stimulation by zymosan was associated 
with an inhibition of hypercholesterolemia and cholesterosis, 
a factor in the development of dietary induced hypercholester- 
olemia was the functional state of the RES. To evaluate the 
influence of dietary lipids on RE function and to denote 
whether the removal of excess hepatic cholesterol could be 
enhanced, 30 rats were maintained for 30 days on a 1% choles- 
terol-2% butter diet. RE function as denoted by intravascular 
removal rate of colloidal carbon was measured in all rats and 
tissue lipids were determined in 10 rats. The remaining rats 
were tnen placed on a normal diet for 7 days and injected 
daily with saline or zymosan. The cholesterol-fed group mani- 
festec liver ester cholesterol concentration of 13 mg/g and @ 
t/2 of carbon of 15 min. One week after cholesterol was re- 
moved from the diet, the liver ester cholesterol decreased 
75% and the carbon removal rate increased 54%. Liver ester 
cholesterol in the zymosan group was reduced 9% and phago- 
eytic function was increased 86%. Hepatic triglycerides were 
similar in the saline and zymosan groups. (Supported by 
USPHS H-2320.) 
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Physiology 


LIPID PEROXIDE FORMATION IN RAT BRAIN HOMOGENATES. Albert A. 
r* Dept. of Zool., Univ. of Calif., Los Angeles. 

—Tipid peroxides are not found in normal intact animal tis- 
sues but are formed in certain aerobically incubated tissue 
homogenates. Homogenization, which involves dilution and the 
use of phosphate buffers, therefore, brings about the changes 
necessary for peroxide formation. Peroxide formation varies 
with homogenate concentration. It is maximal at 0.0)-0.10 
gn/ml. (w/v) and only slight even at concentrations of 0.20 

ml. Peroxide formation also varies with phosphate concen- 
tration. It is maximal at 0.05 M, with high levels noted be- 
tween 0.01-0.10 M. Catalytic concentrations are therefore 
similar to concentrations normally used in homogenization pro- 
cedures. Phosphate catalysis is similar to catalysis at pH 
5,0 in that both are inhibited with similar amounts of EDTA. 
Iron is the only divalent cation which catalyzes peroxide for- 
nation at concentrations representing only a fraction of that 
normally found in tissues. Homogenization in phosphate buf- 
fer, therefore, appears to lead to the dissociat..on of tissue 
pound iron, a reaction probably favored by tissue dilution. 
Tissue iron, although normally bound, would, under these con- 
ditions, be available for the catalysis of lipid peroxide 
formation. (Supported by a grant from the U.S. Atomic Energy 
Commission. ) 


Physiology 


GLYCOGEN AND LIPID STORAGE IN SOME FISHES OF THE GULF OF 
MEXICO. C, L. Dodgen* and L. L. Sulya*. Univ. of 
Mississippi Med. Center, Jackson. 

The findings that plasma protein pattern complexity and 
plasma cholesterol levels are correlated with evolutionary 
development of fishes prompted the study of glycogen and 
lipid levels in certain tissues to determine whether there 
is a similar relationship to development of the species. 
In 39 species studied there appears to be a trend for 
heart glycogen to decrease and liver glycogen to increase 
from primitive to highly-developed fishes. There is no 
apparent pattern in muscle glycogen. Lipid levels 
(ether-extractable material) of liver are highest in 
primitive species, while levels in muscle are generally 
slightly higher in more highly-developed than in primitive 
fishes. While certain patterns in glycogen and lipid 
levels exist, their correlation with evolutionary 
development is not as marked as is that of plasma protein 
complexity and plasma cholesterol levels. 


Biochemistry 


PROTEOLYSIS OF HUMAN SERUM BETA LIPOPROTEINS. Hugh J. 
McDonald and Leonard J. Banaszak*., Dept. of Bio stry, 
Stritch School of Medicine and Graduate School, Loyola 
University, Chicago. 

The effect of trypsin and chymotrypsin on human serum 
beta lipoproteins was studied. The lipoproteins, isolated 
ultracentrifugally, represent the fraction with hydrated 
density 1.019 to 1.063. Empirical lipid extraction proce- 
dures were devised to illustrate the effect of proteolysis 
on tenacity of cholesterol and phospholipid binding by lipo- 
protein. Isolation of lipid-free but undenatured protein 
fragments after proteolysis was attempted. The materials 
formed on proteolysis were ionographed and TCA soluble mater- 
ial was isolated. This portion was studied by paper chroma- 
tography and some changes were found. Dialysis through 
Visking cellophane tubing was used to determine the nature of 
substances resulting from enzyme treatment. In this instance 
changes were followed by measuring optical density at 280 m. 
Alterations in the stability of the lipoprotein after pro- 
teolysis were also detected. Such effects, demonstrated only 
at elevated temperatures, 30-60° C, were described by follow- 
ing a flocculation reaction, turbidimetrically. 








Biochemistry 


CONTROL OF TRIGLYCERIDE SYNTHESIS BY NUCLEIC ACID DERIVATIVES. 
WA. Creasey*, L.Hankin*® and R.E. Handschumacher*. Dept. of 
Pharmacology, Yale Univ. Schoo! of Medicine and Conn. Agri- 
cultural Exp. Station, New Haven, Conn. 

The fatty infiltration of the livers of rats ingesting a 
purified diet containing 1% orotic acid can be accounted for 
by extensive accumulation of triglycerides, the only other 
increase is in the relatively minor diglyceride fraction. 
Dietary adenine nyllifies these effects. The incorporation of 
acetate-2-c!4 into triglycerides is increased 15-fold in vivo, 
a result refiected in the increased uptake of this precursor 
into the saponifiable lipids of liver slices from orotic- 
treated animals. Although the total uptake in vivo of stear- 
ate-1-c!4 is not increased, the activation of this fatty acid 
by particulate enzymes is depressed after fat has accumulated 
in the liver. The relationship of these changes to altered nu- 
cleotide metabolism is suggested by the 4- to 8-fold increase 
in uridine nucleotides in these livers, an increase which is 
reduced by adenine. Further nutritional studies indicate that 
the ingestion by rats of bovine colostrum without added orotic 
results in the development of fatty livers, a condition pre- 
vented by the inclusion of adenine in the diet. Dramatic de~ 
creases in all serum lipids, observed in animals receiving the 
purified low-fat diet plus orotic, appear to be secondary to 
the hepatic changes. 


Nutrition 


METABOLIC CHANGES ASSOCIATED WITH DIETARY CARBOHYDRATE AND FAT. 
M, Isabel Irwin* and a raeeoreeraa ae Department of Home 
Economics, University of ansas, Fayetteville, Arkansas, and 
Human Nutrition Research Division, USDA, Washington, D. C. 

Six men ate a controlled diet of which the carbohydrate was 
provided mainly by first rice and then sucrose in successive 
25-day periods. Dietary fat, largely butterfat, supplied 40% 
of the calories. Sera from venous blood drawn at the start 
and end of the study and between the 25-day periods were 
analysed for total cholesterol. The total serum cholesterol 
of men on the controlled diet ranged from 2 to 40 mg % higher 
after the rice diet and from 1 to 37 mg % higher after the 
sugar diet than at the beginning of the study. Four other men 
ate self-selected diets and recorded food intake. These men 
showed changes of +7 to -35 mg % and +7 to -20 mg &% after the 
first and second 25-day periods respectively. Food and ex- 
creta on the controlled diet were analysed for fat, nitrogen, 
phosphorus, calcium and magnesium. No significant changes 
were observed in the retention of nitrogen and phosphorus. 

The biological implications of changes in retention of calcium 
and magnesium will be discussed. (Supported in part by a USDA 
contract sponsored by the Human Nutrition Research Division, 
Agricultural Research Service. ) 


Nutrition 


EFFECTS OF CARBOHYDRATE, VITAMINS AND IRON ON THE TOXICITY OF 
A FAT EMULSION. L.J. Hirsch*, G. Elenbogen*, P.J. Garvin* and 
P.A. Seagraves*. Baxter Laboratories, Inc., Morton Grove, I11. 

The i.v. administration of 6 an /ke/aay of triolein in 10% 
emulsion was studied in groups of 4 beagle dogs each. The CHO 
concentration in the emulsion and survival time in days by 
groups were: I. 2.5%. 26.7 (range 17-41); II. 5%, 28.0 (23-33} 
III. 10%, 20.2 (12-33); IV. 2.5% plus i.v. vitamins and i.m. 
Fe, >40 (39->40). Hematologic and autopsy findings in all 
groups were less severe than but qualitatively similar to those 
reported by others and observed by us for cottonseed oil eml- 
sions. Anemia developed promptly and became progressively more 
severe (reduced Hb and HCT). It was associated with a rise in 
fecal urobilinogen. Reticulocytosis was rarely observed. All 
animals showed a leukocytosis with a shift to neutrophils. The 
terminal Serum K and Cl were depressed. The livers of animals 
that died were enlarged. Fat and brown pigment appeared in RE 
cells. These results indicate that CHO levels play little if 
any role in the toxicity of the emulsion. However, the vita- 
mins and Fe did significantly prolong survival time. It is 
probable that the sudden and prolonged anemia results from in- 
creased RBC destruction and depressed erythropoiesis. Failure 
to reverse the anemia in group IV may be due to an effect of 
the fat on Fe transport and/or the ability of the marrow to 
utilize Fe. 
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Biochemistry 


QUANTITATIVE FRACTIONATION OF BRAIN LIPIDS. George Rouser, 
John C'Brien*, A.J. Bauman*, Rudolfo Paoletti*, and Nicholas 
Nicolaides*. Department of Biochemistry, City of Hope Medical 
Center, Duarte, California. 

After extraction of beef brain with CHCl CH30H, separation 
into lipid, ganglioside, and water soluble rities is ac- 
complished with CHC1,/CH.0H (/1, v/v) saturated with water, 
CHC1,/CH;0H/water (1 s/t), and water. On diethylaminoethyl 
(DEAE) cellulose the lipid yields 6 fractions: (1A) lecithin, 
sphin, lin, cerebroside, and cholesterol eluted with 
CHC12/CH30H, 7/1; (2A) phosphatidyl ethanolamine with 
CHC13/CH30H, 3/2; (3A) X, with methanol; (lA)inositol phospha- 
tide"with CHC1;/acetic acid, 3/1; (SA) phosphatidyl serine with 
glacial acetic acid; and (6A) sulfatides (S,, So), Xp, and X3 
with CHC13/CH,0H/conc. ammonia (l/l + 20 ml./liter). Chromato- 
graphy on magnesium silicate with adsorbent and solvents 
rendered anhydrous with 2,2-dimethoxypropane yields: (1B) Cho- 
lesterol eluted with CHC1,; (2B) cerebroside eluted with 
CHC1,/CH H, 2/1; (3B) lecithin plus sphingomyelin from fraction 
1A. “A similar column with fraction 6A yields: (1C) S, + So 
and (2C) X, + Xo. Lecithin and sphingomyelin (3B) are Separated 
on a silicic acid-silicate column. Percentages and purity will 
be discussed. (Supported by Grants C-313) and B-187 from the 
U. S. Public Health Service, and a grant from the Army 
Chemical Center.) 


Biochemistry 


ANALYSIS OF TISSUE LIPIDS BY TLC AND GLC, 
H.K. Mangold* and N. Tuna*, Univ. of Minnesota, Hormel 
Institute, Austin, and Dept.of Medicine, Minneapolis. 

Lipid mixtures obtained from human and animal tissues 
were analyzed by the consecutive application of thin-layer 
adsorption chromatography (TLC) and gas-liquid partition 
chromatography (GLC), (J.Am. Oil Chemists’ Soc. 37:383, 576, 
1960). Chromatography on thin layers (250-275 ut) of silicic 
acid on glass plates (20x20cm) was used to separate the lipid 
extracts into classes of compounds. Up to 10 different sam- 
ples of 100-500y of total lipids were applied on one plate 
and separeted into hydrocarbons, cholesteryl esters, tri- 
glycerides, fatty acids, sterols, diglycerides, monoglycer- 
ides, and phospholipids using a mixture of hexane, diethyl 
ether, and acetic acid (90/10/l-v/v/v) as solvent. The re- 
solved lipids were localized in U.V. light after spraying 
with 0.2% 247*-dichlorofluorescein in ethanol. For the deter- 
mination of the fatty acid composition of the major classes 
10-20 mg of a lipid mixture were fractionated on one plate. 
The fractions were eluted, saponified, reesterified with 
diazomethane, and their fatty acids determined by GLC. 
Lipids not previously found in man were detected in several 
human organs. 








(Supported by National Sci. Found. and Am, Heart Assoc.) 


Biochemistry 


AN ION-EXCHANGE PROCEDURE FOR SEPARATING BILE ACIDS FROM 
FECES AND SERUM, Gunther W. Kuron* and David M. Tennent, 
Merck Institute for Therapeutic Research, Rahway, N. J. 

Bile acids and their conjugates are removed from aquecus 
solution by Dowex 1 x 2, They resist elution from the resin 
with aqueous electrolytes, but are readily removed with 
alcoholic electrolytes. For analysis, alcoholic extracts 
of feces or of serum are passed in succession through 
Dowex 50W K* and Dowex 1 x 2 OH”. After appropriate washing 
procedures, the bile acids are eluted from the anion 
exchanger in nearly colorless solution with ammonium 
carbonate in aqueous alcohol. The eluate is evaporated 
to dryness, Conjugates, if present, are hydrolyzed. Cholic 





acid is determined by heating with furfural; and deoxycholic 
acid by heating with sulfuric acid, as d« scribed by Mosbach. 
Recoveries were quantitative in conventional fortification 
experiments and in separations from feces of a dog fed 
radioactive cholate. 











Biochemistry 


DEGRADATION OF RING B OF STEROIDS. Eliahu Caspi, B. Tagui 
Khan* and W. Schmid*, Worcester Foundation for Experimental 
Biology, Shrewsbury, Mass. 

In continuation of studies on the biosynthetic origin of 
carbons of steroid hormones a method of isolation of the 
carbons of ring B was devised. Ozonolysis of adrenosterone 
gave 3,5-seco-l-nor-androstane-5,11,17-trione-3-oic acid (I) 
which was converted to the A5-enol lactone (II). Bromination 
of II with NBS followed by processing of the mixture in ethyl 
acetate did not lead to the isolation of the 7-bromo enol 
lactone but two products an acid and a neutral were obtained, 
The acid was identified as the 6-dehydro analogue of I (ITI) 
and the neutral substance was its ethyl ester (IITb), Esteri- 
fication with diazomethane of (IIIa) gave the ester IIIc 
which was ozonized to yield formic acid from C-6 and methyl- 
3,535, 7-bis-seco-l),6-bis-nor-androstane-11, 17-dione-7-alde- 
hyde-5-acid-3 ester (IVa) which on electrolysis gave COo fron 
C-5. The half ester IVa was converted to the dimethyl ester 
IVb which in turn was oxidized to the bis-methy1-3,5;5,7=bis- 
seco-l; ,6-bis-nor-androstane-11, 17-dione-7-acid-3, 5-diester V, 
Electrolysis of V gave CO> from C-7. The same sequence of 
reactions was carried out on the ethyl ester IIIb, which on 
ozonolysis gave ethyl-3,5;5,7-bis-seco-l,,6-bis-nor-androstane- 
11,17-dione-7~aldehyde-5-acid-3 ester (VIa) which was con- 
verted to the mixed ethyl methyl ester aldehyde VIb. 


Pharmacology 
A METHOD FOR RAPID LIPOPROTEIN PAPER ELECTROPHORESIS, 
M.Marcus*, S.I.Kleinberg*, D.H.Sherber*, Metabolic Res, Lab,, 
Fordham Hosp., N.Y., N.Y. 

The method described below uses standard Spinco paper 
electrophoresis equipment and staining by the method of 
McDonald & Ribeiro with the following modifications: The 
electrophoresis and the equilibration are carried out in the 
refrigerator at 8°C, The paper strips are modified by remov. 
ing a 4 mmwide strip from hole to hole. Propylene glycol is 
preheated to 100°C on a steam bath. To this Sudan black-B is 
added with stirring to a concentration of 1%, Twenty lambda 
of the prestained serum is applied by streaking to the paper 
strip mounted on the ridge pole, The area of application is 
dry; while the rest of the strip has been pre-wet with the 
barbital buffer, The barbital buffer is precooled to 8°C, 
With ionic strength .05, the current is 12 ma for 232 hrs; at 
.075, the current is 16 ma for 4 hrs. The latter yields 
sharper bands, The Analytrol is modified for Sudan stain using 
B2 optical density cam and 600 mu interference filters, An 
0.9 neutral density filter is placed in front of the rear 
balancing photocell, Slit height is adjusted for narrow 
strips using black vinyl tape and slit width is set at 0.5m, 
Amplifier gain is readjusted for maximum sensitivity. The 
procedure has been applied and found suitable for analysis of 
rat, dog, rabbit, baboon as well as human serum, 





Pathology 


RELATION OF ENZYMATIC ACTIVITY TO LOW DENSITY LIPOPROTEIN. 
S. H. Lawrence and Pp. J. Melmick.* VA Hosp., Sam Fernando, 
A v. of Cali?. at Los Angeles. 

Techniques for the study of enzymes in starch gels have 
recently been developed. In studying these gels one is 
impressed with the heterogeneity of the enzyme migration but 
also with the constancy of activity in the region of the slow 
alpha-2 line or leading up to it. This is the area of 
migration of beta-lipoprotein and alpha-2 macroglobulin. 
Activity in this area is shown by aminopeptidase, acid and 
alkaline phosphatase, esterase, cholinesterase, beta 
glucuronidase, succinic dehydrogenase, lactic, beta hydroxy- 
butyric and glutamic dehydrogenases. Alpha-2 macroglobulin 
and beta-lipoprotein also produce associated precipitin arcs 
on agar gel immuno-electrophoresis. When the enzyme 
techniques were applied to slides following immuno- 
electrophoresis, it was apparent that a zone of enzyme 
activity always occurred in this region. Purified beta- 
lipoprotein prepared by ultracentrifugal techniques showed 
activity for various enzymes after immuno-electrophoresis 
but not by standard laboratory techniques until the enzyme 
was "freed" by one of several methods. It would seem that 
lipoprotein forms a loose association with certain chemical 
molecules thereby inactivating them in the blood. 
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Nutrition 


pitTY ACID COMPOSITION OF THE LIPIDS OF CHICK BRAIN MITO- 
GIONDRIA. L.A.Witting,* B.Century,* C.C.Harvey,” and 
4,k.Horwitt. T.5.Mendel Research e, Elgin State Hospital, 
In the course of experiments on brain mitochondrial lipids, 
it was noted that the fatty acid pattern in newly hatched 
chicks was quite unusual. In the adult birds, saturated 
fatty acids plus oleic, arachidonic and docosahexaenoic acids 
nake up about 85% of the total fatty acids as compared to 
\3-67% in the chicks as determined by gas liquid chromato- 
graphy. A methyl ester with a retention time of 4.2 relative 
to methyl stearate on the ethyleneglycolsuccinate polyester 
columns accounted for 2% of the total fatty acids and was 
found to exhibit slight polarity on silicic acid columns, 
nother methyl ester with a relative retention time of 2.8 
accounted for 2% of the total fatty acids and was found to be 
mich more polar than the normal methyl esters of fatty acids. 
A variety of analytical techniques including alkali isomeri- 
gation, hydrogenation and oxidation have been used in the 
effort to elucidate the structure of these compounds. This 
study has also been extended to the lipids of the brain 
mitochondria of newborn rats, The importance of the relation- 
ship of biological antioxidant to the level of polyunsaturated 
fatty acids may prove critical in view of the resistance of 
the placenta to passage of saturated fatty acids. 


Nutrition 


THE DEGRADATION OF LABELED B-CAROTENE. 

F, J. Lotspeich*, R. F. Krause, V. G. Lilly*, 
and H. L. Werhetiw” Dept. of Biochemistry, W.Va. 
Univ. Med. Center, and Dept. of Plant Pathology, 
W.Va. Univ., Morgantown, W.Va. 

In a previous paper (J. Biol. Chem. 234: 
3109, 1959) the incorporation of acetate into 
positions 5, 5', 9, 9', 13 and 13' of the 
B-carotene molecule by Phycomyces blakesleeanus 
was described. Additional studies on the 
B-ionone ring of B-carotene indicate that the 
carboxy carbon of acetate is incorporated into 
positions 1, 1', 3 and 3' of the ring. No 
evidence was found for the incorporation of 
the carboxy carbon of acetate into positions 
4, 4', 6 and 6' of the ring system. The incor- 
poration of the methyl group of acetate into 
the B-ionone ring will be discussed. 











Nutrition 


LIPID CLASS SEPARATION BY LIQUID-GEL CHROMATOGRAPHY. 
Jules Hirsch. Rockefeller Institute, New York. 

Particles of factice (vegetable oil polymerized with sulfur 
monochloride) swollen with aqueous acetone can be used as 
stationary or gel phase in chromatographic columns (10x1450mm), 
Useful lipid separations are obtained in 6 to 12 hours at room 
temperatures, using only one eluant (water in acetone). Lipids 
in the effluent stream were monitored by a continuously re- 
cording automatic differential refractometer, but effluent 
peaks were further identified and examined for purity by gas- 
liquid and thin layer silicic acid chromatography. Elution 
with 2% water in acetone (v:v) separates monoglycerides, di- 
glycerides, cholesterol, triglycerides, and cholesterol esters 
from each other, in mixtures containing 1-300 mg of each 
component, Within each class there is further separation on 
the basis of chain length and unsaturation of constituent 
fatty acids; but better resolution, yielding single components, 
can be obtained with other solvent mixtures: cholesterol 
esters (100% acetone), triglycerides (5% water in acetone), 
diglycerides (5-10% water), fatty acid methyl esters (10-15% 
water) and monoglycerides (>15%water). Overlaps occur with 
equivalent chain length shortening and unsaturation (1 double 
bondwloss of 2 carbons) e.g. tripalmitin-triolein or 
cholesteryl palmitate-cholesteryl oleate. 
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Biochemistry 


THE COMPOSITION OF LIVER GLYCOLIPIDS. 
J. M. McKibbin. State Univ. of New York, Syracuse, N.Y. 
Purified dog, rat, and rabbit liver extracts contain 
anthrone-reacting lipids equivalent to about 4%of total 
phospholipid on a molar basis expressed as galactose. This 
lipid is rather strongly adsorbed on silicic acid and 
Florisil and requires methanol:chloroform mixtures of 1:1 to 
4:1 for elution from either adsorbant. By a combination of 
silicic acid chromatography, solvent fractionation, and 
Florisil chromatography several preparations of this lipid 
have been obtained which are free of phospholipids and other 
neutral lipid. The galactose : N: fatty acid ratios in two 
of the preparations are 1.00 : 0.95 : 0.86 and 1.00 : 0.90: 
1.64 respectively, The lipids contain no sulfate ester, 
inositol, or hexosamine but small amounts of sialic acid are 
present. They are resistant to cold saponification and are 
incompletely hydrolyzed after refluxing with 1.3 N HCl in 67% 
ethanol for 5 hours. However, a two-stage hydrolysis employ- 
ing the latter followed by hot alcoholic NaOH saponification 
renders about 3/4 of the N water soluble, The lipids there- 
fore have a much lower sphingosine : fatty acid ratio than 
any of the known animal glycolipids. Ethanolamine has been 
identified as a major nitrogenous constituent. 
(Supported by The Life Insurance Medical Research Fund). 


Biochemistry 


FATTY ACIDS OF HUMAN BRAIN AND SPLEEN CEREBROSIDES. 
N. S. Radin and Y. Akahori.* Mental Health Research Inst., 
Univ. Mich., Ann Arbor, Mich. 

Gaucher spleens and different parts of human brain were 
processed by a modified method (J. Lipid Research 1:72, 1959) 
to yield pure cerebrosides in almost quantitative yields. 

The main change consisted of using a silicic acid colum step 
instead of saponification. The colum was eluted with 
CHCl2-MeOH 92:8 with the aid of a pumping system. Analysis 
of the cerebroside acids with Florisil columns showed that 
the spleens contained novel polar acids, and that the content 
of unsaturated acids in human brain is higher than in rat 
brain. The ratio of total hydroxy to non-hydroxy acids 
varied with the location in brain, but the distribution of 
the individual acids in each class (studied by gas chromatog- 
raphy) was quite similar in all samples from one brain. The 
presence of relatively large amounts of C-23 and C-25 acids 
in human brain was found, particularly in the saturated acids 
of both classes. The content of C-26 acids was high in both 
unsaturated acid fractions. Nervonic acid was identified in 
the Gaucher spleen cerebrosides. (Supported by a grant from 
Natl. Insts. of Health, PHS.) 





Biochemistry 


STUDIES ON THE LIPIDE PORTION OF GANGLIOSIDES. Joel A. Dain*, 
Gerhard Schmidt and S. J. Thannhauser. Boston Dispensary and 
Dept. of Biochemistry, Tufts Univ. School of Medicine, 
Boston, Mass. 

The fatty acid groups of total gangliosides and of the 
components obtained from this material by chromatography on 
silica gel columns (Weicker et al., Fed. Proc. 19, 219 (1960)) 
were converted to methyl esters and subsequently determined 
as hydroxamates. (Rapport and Alonzo, J. Biol. Chem. 217, 
193 (1955)). Fow representative fractions contained re- 
spectively 12, 15, 17 and 17% fatty acids. Without 
methanolysis, gangliosidés yield only negligible color in the 
hydroxamic acid test, in analogy to sphingomyelin and 
cerebrosides. This suggests strongly that the fatty acid 
rroups of all gangliosides are exclusively present as 
ceramide grouns. Gas chromatopraphy of the methyl esters 
yielded methyl stearate and traces of other esters, in 
contrast to the predominance of lignoceric acid in Rosenber 
and Chargaff's mucolipide. (J. Biol. Chem. 232, 10% (CISeB)). 
All ganglio fractions were found to be sphingolipides. 
Sphingosine was identified in the methanolysates of the 
gangliosides by silicic acid chromatography and determined 
quantitatively by means of the ninhydrin reaction. 















Pathology 


CHEMICAL STRUCTURE AND LOCATION OF FIRMLY-BOUND LIPIDS 
PRESENT IN SOME GRAM NEGATIVE BACTERIAL ENDOTOXINS. 
Alois H. Nowotny.* City of Hope Med. Ctr., Duarte, Calif. 
hemical analysis of the lipid component of endotoxins 
shows the presence of D-glucosamine, phosphorus, fatty 
acids, and amino acids. Investigation of this phospho- 
mucolipid revealed a new type of lipids similar to lipids 
with a ceramide structure in regard to some physicochem- 
ical properties, but in this bacterial cell wall component 
the ephingosine is replaced by glucosamine. That the NH 
groups of the glucosamine are acylated by fatty acids was 
proven by hydrazinolysis. Some of the OH groups are 
esterified with fatty acids. Experiments carried out 
with phosphorolytic enzymes showed that glucosamine units 
are bound together with P-diester linkages, most probably 
C-1 to C-4. The possibility of branching of this poly-D- 
glucosamine-phosphate chain is not excluded. A tentative 
structure and location of this phosphomucolipid in the 
endotoxins has been suggested. Similar if not identical 
lipid structure has been detected in some strains of the 
Pseudomonadaceae, Neisseriaceae, and Enterobacteriaceae 
families. 





































































Nutrition 


A LIPID-CARBOHYDRATE "COMPLEX" IN PLASMA. George D. 
Michaels,” Robert E. Visintine,* Shantilal Shah ; 
Joyce conklin,® and Laurance W. Kinsell., Institute 
for Metabolic Research, Highland-Alameda County 
Hospital, Oakland, California. 

In the course of studies dealing with the fate of 
C-1 glucose in human subjects, it was noted that 
within 5 minutes following intravenous administra- 
tion of the tracer dose as much as 7% of the activ- 
ity appeared in a fraction of the plasma which was 
hexane soluble. Studies carried out with fasting 
plasmas from normal individuals showed that 58% of 
the reducing sugar was present in this fraction. 
Glycolysis due to hours of incubation of normal 
plasma at 37°C resuited in a more rapid fall of the 
hexane-insoluble reducing sugars compared with the 
hexane-soluble fraction. Attempts to characterize 
the lipid-carbohydrate complex by silicic acid 
chromatography have been unsatisfactory, since all 
of the reducing sugar in the eluate becomes hexane 
insoluble during its passage through the column. 
Extraction of the hexane-soluble material with 
acetone magnesium chloride solvent indicates that 
the complex is acetone insoluble. Further studies 
with regard to determination and characterization 
of this materiel in normals and abnormals are under- 
way. 
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Biochemistry 


EFFECT OF DIETARY CHOLESTEROL AND FAT ON SERUM AND YOLK 
CHOLESTEROL AND SERUM GLUTAMIC-OXALACETIC TRANSAMINASE (GOT) 
IN LAYING HENS. RE. Davies+, B.J. Hulett+ and J.R. Couch 
Texas Agricultural Experiment Station, College Station, Tex. 
Incross SCWL pullets, reared to maturity on a practical 
diet containing no supplemental fat, were divided into groups 
of 8, placed in individual cages and fed different levels of 
cholesterol and vegetable oil. Serum cholesterol levels were 
elevated at 3, 6, and 9 weeks by feeding cholesterol, partic- 
ularly in diets containing both fat and cholesterol. In 
general, the higher the level of serum cholesterol the more 
cholesterol was deposited in the egg yolk. Yolk cholesterol 
content of eggs from hens fed 0, 1, 3 and 5% cholesterol 
without supplemental fat for 9 weeks averaged 2.20, 2.54, 
2.76 and 2.85 mg% respectively. Feeding cholesterol levels 
of 1, 3 and 5% with 10% rice oil resulted in yolk cholesterol 
values of 3.14, 5.34, and 3.48 mg%, respectively. Serum GOT 
activity at 3 and 6 weeks was unaffected by treatment. A 
slight, but distinct, elevation of GOT activity by cholesterol 
was observed after 9 weeks. Serum of hens fed both cholester- 
ol and fat had the highest activity, 33% higher than control 
hens Egg production was reduced by cholesterol; the re- 
duction was small in the absence of supplemental fat. Addi- 
tion of 10% fat to diets containing cholesterol caused a 
10% reduction of egg production. 
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Physiology 


SIMULTANEOUS COMPARISON IN VIVO OF REMOVAL RATES OF PATTY 
& 
ACIDS FROM DOG PLASMA. J-P. Dustin ", D.S. Fredrickson “, 
Ph. Laudat *and K. Ono * (Natl. Insts. of Health, Bethesda) 
—_—C— —— 

Dogs were injected (iv) simultaneously with 1-014 linoleic 
and 9,10-H~ palmitic acids, albumin-bound as free fatty acids 
(FFA) or as double-labeled chylomicron triglyceride fatty 
acids (TGFA), and radioactivity was followed in the lipids of 
arterial plasma and of serial liver biopsies. 


The ratio w/cl* and the radioactivity observed indicate; 


(1) as FFA, the cl* linoleic leaves the plasma much faster 


and appears preferentially in the liver lecithin fraction; 





(2) as TGFA, both isotopes were removed at the same rate, 
while the liver triglycerides became labeled with the isoto- 
pic ratio prevailing in plasma triglycerides. Concurrently, 
the labeling in liver lecithins appeared to arise more 
directly from the plasma FFA derived from TGFA. 


There appear to be different removal rates for different 
plasma FFA, which may, in the case of linoleic acid, be due 
to preferential uptake by liver lecithins. The results with 
doubly-labeled TGFA complement other evidence that triglyce- 
rides are removed mainly without intravascular hydrolysis. 


Physiology 


EFFECT OF RESERPINE ON LIPOPROTEIN LIPASE ACTIVITY OF RAT 
HEART. Abraham Dury. Vet. Admin. Hosp. and Dept. of Anat., 
Univ. of Pittsburgh, Pittsburgh, Pa. 

Recent studies indicate that epinephrine and norepine- 
phrine have a regulatory role in free fatty acids (FFA) 
metabolism. Those catecholamines are present abundantly in 
myocardium; but they may be depleted from the tissue by 
reserpine treatment. Slices of heart from control and 
reserpine (100Ugm/100gm) injected rats were incubated in 
Krebs-Ringer phosphate buffer medium with and without 
heparin. Then, the lipolytic activity of aliquots of incu- 
bation medium was measured by its ability to release FFA 
from an activated coconut oil substrate over the ensuing 
hour. A single injection of reserpine induced a 37% 

(P= .01) fall in lipase activity, while following 4 daily 
injections of reserpine the lipase activity released by 
heart slices fell 57%. Heparin in incubating medium induced 
increased liberation of lipoprotein lipase by heart tissue 
of control and reserpinized rats; but with single or multi- 
ple reserpine-injected animals the elicited lipase activity 
by heart slices was 58% and 33%, respectively, of the 
released enzyme activity of control tissue. The data sug- 
gest that humoral factors localized in myocardium influence 
the lipoprotein lipase activity released by heart tissue and 
may determine its uptake of circulating triglyceride. 


Biochemistry 


METABOLISM OF DIMETHYL-B-PROPIOTHETIN BY AN ANAEROBE, 


Conrad Wagner.* Natl. Inst. of Health, Bethesda, Md. 


In an attempt to determine whether the high energy 


associated with the sulfonium bond of dimethyl-f- 
propiothetin (DMPT) (Durell and Sturtevant, Biochim. 
et Biophys. Acta, 26, 282, 1957) can be used for 
biosynthetic purposes, an anaerobic bacterium 
capable of growing on DMPT as a major source of car- 
bon has been isolated by the enrichment culture 
technique. Fermentation of 3 moles of DMPT gives 
rise to 2 moles of propionic acid and 1 mole of 
acetic acid. Dimethyl sulfide and C02 are also 
formed. Washed cell suspensions also ferment 
a-alanine, B-alanine, acrylate, and lactate in the 
ratio of 2:1. With pyruvate as the substrate the 
ratio of propionic acid to acetic acid is reversed. 
These results suggest that the fermentation of DMPT 
by this organism may proceed by way of a cleavage to 
dimethyl sulfide and either acrylate or B-hydrox- 
ypropionate followed by the further metabolism of 
these compounds by a mechanism similar to the one 
operating in C._propionicum. 
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\TTY LIPIDS AND FATTY ACIDS IN DEGENERATING NERVE. THE EFFECT OF EGG OIL, CHOLESTEROL, CHOLINE AND 

* vallos* and James F. Berry. Sinai Hospital and CHOLIC ACID UPON PLASMA AND LIVER LIPIDS. Gladys A. 
5 Johns Hopkins School of Medicine, Baltimore, Mi. Emerson and Jane B. Walker*. Univ. of Calif., L. A. 

da) Chloroform-methanol extracts of normal sciatic nerves and ~~ Young adult famale Wistar rats, with initial weights of 


those sectioned 8, 16 and 32 days previously were separated 


oleic into lipid classes by silicic acid chromatography and the 250 gm were maintained for 2 months on purified diets contain- 





acids component fatty acids determined by gas chromatography. In- ing 24% casein and 27% egg oil or a simulated fat of the same 
y creases in myristic (14:0), palmitic (16:0) and a polyunsat- I2 number (72) consisting of 3.5 parts of olive oil to 1 part but- 
ds of yrated acid (22:6) were found in the total fatty acids of rat ter fat. The diets were supplied with 0.1% or 0.3% choline. 

ww at aeie (i8s1), wae (ere be oe ep The fat mixture and the same fat with added cholesterol (the 
‘ate: (18:0), oleie (10:1), arachidic (20:0), lignoceric (24:0), and level present in egg oil: 48 mg/gm) were fed with and without 
al servonic (24:1) acids were noted. The expected decreases in cholic acid. Tripling the choline in the diet was without ef- 
phospholipid and cerebroside concentration and increases in f il: hy 
mn; cholesterol esters were observed in sectioned cat nerve. In- fect upon the plasma cholestero! of rats fed egg oil; however, 
creases in respective fatty acid concentrations occurred as a significant lowering of total liver lipids and cholesterol was 
nae follows: (14:0), phospholipids; (16:0), sphingomyelin; noted. When cholesterol was added to the simulated fat a 
iy 22:6), diglycerides; (20:0), triglycerides; (24:0) and several-fold increase in plasma cholesterol and in total liver 

; 24:1), neutral lipids. Decreases in respective fatty acid lipids and cholesterol was noted. The addition of cholic acid 
ae tans)  auatdonds ssa; fon “et phe gsi oe a irrespective of the choline level and with or without added 
r) VU) 9 > . > > 
=n ithe triglycerides; (24:0), cerebrosides; (2:1), jo cholesterol produced an elevation in the plasma cholesterol 
oa sides and phospholipids. Thus either due to selective destr- and total liver lipids. The rats fed the diets with added cho- 
ith uction or altered enzyme specificity, the fatty acid composi- lesterol had larger livers and higher lipid values than did 
yce- tion of neutral lipids of degenerating nerve progressed toward those without cholesterol, 
8. that of the phospholipids of normal nerve. 
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iology Biachamietry Physiology 
\T SELECTIVE IN VIVO LABELING OF EPIDIDYMAL FAT WITH 1-C_*-FaTTy 14 
nat., ACIDS. Y. Stein* and 0. Stein.* Rockefeller Institute, N.Y. THE IN-VITRO INCORPORATION OF PALMITATE-1-C°" INTO 
Labeling of rat adipose tissue with 1-C -fatty acids was NEUTRAL LIPID OF RAT DIAPHRAGM. E. M. Neptune, Jr., 

>= achieved with an in vivo-incubation technic. Under anesthesia J. J. Reish, Jr and H. C. Sudduth> Naval Medical 

the epididymal fat pads were exteriorized through inguinal in- Research Institute, Bethesda, Maryland 
y in cisions and incubated in two wells of a 38°C bath, while re- In a previous communication (J. Lipid Res. I:229 

taining their vascular and neural connections. Incubations (1960) evidence was presented that suggested that 

were carried oyt for 20 minutes in phosphate-buffered bovine labelled palmitate was first incorporated into neutral 
. albumin - 1-C ‘-fatty acid medium with glucose at pH 7.4. lipid before appearing in phospholipid. This has now 

Extensive uptake of fatty acid was pol in both pads, differ- been confirmed. The incorporation into neutral lipid 
\cu- ences between pads in the same animal not exceeding 10%. does not apparently involve simple transesterification 
Palmitate, oleate, linoleate were incorporated at similar of triglyceride. Instead there is a very highly 
; rates; 97% of the incorporated fatty acid was in esterified labelled diglyceride whose turnover is apparently 

form, The amount of label in liver, small intestine and serum much greater than triglyceride. The data to be 
Ly was less than 1.5% cf that found in the pads. When one pad presented are consonant with the Weiss-Kennedy 

was incubated in vivo, the other in vitro (after severing the scheme. 
luced pad), no significant difference was found in the fatty acid 
sue uptakes of the two pads in fed rats. Howeyer, in fasted rats 
tie the in vitro-incubated pad showed less 1-C “-fatty acid uptake 
rity and lower percent esterification than the in vivo-incubated 

one. In long-term experiments, one pad was replaced after in- 
g- vivo incubation; then mobilization, half-life and fate of 
nce different fatty acids were studied. During fat mobilization 
. and due to fasting, the glyceride specific activity in the pad re- 


mained unchanged, showing that the ne £ d fat had mixed 
with the preexisting poor in the epidi mal fat ceil. als 





etry Nutrition Biochemistry 

ROBE, REQUIREMENT OF SWINE FOR DIETARY LINOLEATE, Eldon G. BIOTIN OXIDATION IN A BACTERIAL ENZYME SYSTEM, 

Md. Hill, Ralph T, Holman and W, 0. Caster. Hormel Inst., J. E. Christner,* J. Lb. Foote,* and M. J. Coon, 

ergy and Dept. of Physiol. Chem., Univ, of Minn., Austin Dept. of Biological chemistry, University of Michi- 

a and Minneapolis, ; gan, Ann Arbor. 

him. Sixty-six swine obtained by hysterectomy were fed Extracts of a hydrocarbon-utilizing microorganism 


purified diets beginning at one to three weeks of age 


through periods ranging from 31-100 days, The basal isolated in this laboratory were shown to be rich in 


B-methylcrotony! CoA carboxylase [Rilling and Coon, 


car- diets contained one of 3 different sources of dieta1 
lipid, lard, tallow, hydrogenated cottonseed oil, J. Biol, Chem., 235, 3087 (1960)]. The occurrence 
plus one diet essentially fat-free. Thirteen differ- of bound biotin in partially purified enzyme prepa- 
ent levels of dietary linoleate were fed, as ethyl rations was indicated by avidin inhibition and other 
linoleate, a urea complex of ethyl linoleate, or com criteria. Recently a different bacterium has been 
oil, The lipid was extracted from hearts and livers isolated which grows in the presence of leucine or 

" y Pig nthe typ vee enna mage Bt, wey ee ot a0 biotin as major carbon source. Leucine-grown cells 

acid content determined by alkaline isomerization, 

od. When PUFA content of heart and liver was compared to are rich in carboxylase ped apt Pt eg only 

MPT dietary linoleate as % of calories, it was found slightly. Pete rown cells efficiently oxidize 

> to that the trienoic content decreased sharply and the biotin=2-C!4 to C!40,, and cell-free extracts 

. tetraenoic content increased rapidly as dietary lin- supplemnted with ATP, CoA, and Mg’ “ions convert bio- 

4 oleate increased above 1% of calories, Comparison tine2-C!4 to labeled acetoacetate, suggesting that 

> of the triene-tetraene ratio shows even more clear- the side chain of the vitamin yields an acetate unit, 
ly that the dietary requirement of linoleate for the The possibility that a carboxyl-activated biotin 
pig is near 17 of calories, (Supported by a grant is involved in the oxidation to acetoacetate and in 


from NIH-A2836). the incorporation of biotin into the carboxylase 


peptide chain is under investigation. 











Biochemistry 


BACTERIAL D(-)-f-HYDROXYBUTYRIC DEQYDROGENASE. M. Doudoroff, 
J. M. Merrick , and R. Contopouts + Dept. of Bacteriology, 
versity of California, eley. 

A soluble dehydrogenase which oxidizes D(-)-§-hydroxy- 
butyrate to acetoacetate with the reduction of DPN has been 
purified approximately 50 fold from extracts from Rhodo- 

irillum rubrum by ammonium sulfate fractionation, followed 
oe -tresteant with MnCl and subsequent elution from a DEAE- 
cellulose column. The enzyme is especially abundant in 
cells grown either aerobically or photosynthetically in 
acetate medium after depletion of the accumulated intra- 
cellular reserves of poly-f-hydroxybutyric acid. The puri- 
fied enzyme has been used successfully in assays for its 


substrate. The partial equilibrium constant for the re- 
action at pH 8.0, expressed as K = Ses rm 


is approximately 0.13 at 32° in TRIS buffer with 3.3x10™ 
magnesium. In this medium at x the Ky is 8.4 x 1 

for hydroxybutyrate and 7 x 10 for DPN. Exposure to EDTA 
inhibits and subsequently irreversitly inactivates the de- 
hydrogenase. DPN and magnesium protect the enzyme from in- 
activation. (Supported by a grant from the National In- 
stitutes of Health and by Cancer Research Funds of the 
University of California). 


Biochemistry 
FURTHER STULIES OF THE KNZYMATIC ISO} ERIZETION OF METHYLNALONYL 
CofA TO SUCCINYL Cof. Rejershi Mezumder’ and Teiji Sesakewe , 
Dept. of Biochemistry, New York Univ. School of Medicine, 
New York, N. Y. 
Two enzymes eppeer to be required for catalysis of the B,2 
coenzyme-dependent reaction COOH-CH-COSCoA=COOH-CH,-CH-COSCoA. 


CH. 
When exmonium sulfate fractions fron sheep liver extracts are 
treated with protemine until the supernatant becomes inactive, 
neither the supernatant (e) nor the protein solution (b) ob- 
teined from the protamine precipitete ere active when essayed 
individually but most of the originel activity is restored 
upon recombination. The active components in each fraction are 
thermolabile and non-dialyzeable. By treating each fraction with 
HCl in the presence of ammonium sulfate, « method used to re- 
solve the cobamide holoenzyme involved in the isomerization 
(P .Lengyel, R.Mamumder and S.Ochoa, Proc.Nat.Aced.Sci.,46,1312 
(1960) ) end assaying in the ebsence or presence of B,2 coenzyme, 
the B,2 enzyme has been locelized in fraction (b). The nature 
of the other enzyme is unknown; it might be concerned with an 
oxidation-reduction as in the hypothetical sequence 


ee = a oun =COOH-CH=CH-COSCoA 
3 He 


+2H 
== COOH-CH,-CH,-COSCoA. 





Biochemistry 


OXIDATION OF GLUTARYL COENZYME A TO GLUTACONYL COENZYME A. 
E. Reno Tustanoff* and Joseph R. Stern. Dept. of Pharmacology, 
School of Medicine, Western Reserve Univ., Cleveland, Ohio. 


Rat liver fractions catalyze the oxidation of glutaryl-CoA, 
but not glutarate, using 2,6 dichlorphenolindophenol, 
cytochrome C, or triphenyltetrazolium as hydrogen acceptor. 
When C**-glutaryl-CoA is used as substrate, or generated 
enzymically from C**-glutarate, ATP and CoA, C?*-glutaconic 
acid has been identified as a primary oxidation product after 
alkaline hydrolysis. Several secondary oxidation products 
are also obtained. Among these, two have been identified as 
B-hydroxyglutaric and malonic acids, while one major 
radioactive product is as yet unidentified. With glutaryl- 
pantetheine as substrate the sole oxidation product found is 
glutaconyl-pantetheine. These and other experiments suggest 
that the further metabolism of glutaconyl-CoA proceeds via 
decarboxylation to crotonyl-CoA which is then converted to 
acetyl-CoA. Malonyl-CoA may arise by carboxylation of the 
latter compound. Cleavage of B-hydroxyglutaryl-CoA to Cs 
and Cp compounds could not be demonstrated. 








Immunology 
ENZYMATIC OMEGA OXIDATION OF FATTY ACIDS. Kenneth C. Robbing, 
Michael Reese Res. Found. and Armour & Co., Chicago, Ill. 

Enzymatic omega oxidation of monocarboxylic acids ha 

8-12 C atoms to their corresponding dicarboxylic acids can be 
carried out by tissue homogenates, in vitro. Homogenates of 
hog, dog and rat liver and dog kidney in 0.25 M sucrose and 
0.00] M versene will convert decanoic acid to sebacic acid, 
The cofactor requirements for this conversion are TPN, DPN anj 
Mg**+. A combination of a hog liver microsomal fraction and a 
hog liver soluble supernatant fraction will replace the whole 
homogenate in this overall conversion. In the first step, 
decanoic acid is oxidized to 10-hydroxydecanoic acid by the 
hog liver microsomal fraction. This reaction is TPNH=linked 
and may require atmospheric 02. The microsomal enzyme can 
be called an omega fatty acid oxygenase. This is the first 
example of direct enzymatic omega hydroxylation of a long 
straight-chain fatty acid. In the second step, the 10-hydro- 
xydecanoic acid is quantitatively oxidized to 10-oxodecanoic 
acid by the hog soluble supernatant fraction. The cofactor 
requirement is DPN. In the final step, 10-oxodecanoic acid 
is quantitatively oxidized to sebacic acid by a hog soluble 
supernatant fraction. The cofactor requirement is also DPN. 
Two moles of DPN are reduced to DPNH for every mole of 10- 
hydroxydecanoic acid oxidized to sebacic acid. The enzymes 
involved can be called omega fatty acid dehydrogenases. 
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Physiology 


HEPATIC LIPOGENESIS OF PANCREATECTOMIZED DOGS. C. A. 
Shamoian,* E. J. Masoro and A. Canzanelli. Tufts Univ. 
School of Medicine, Boston, Mass. 

One to 1 1/2 months after pancreatectomy, D/N ratios and 
fasting blood sugars were determined. Dogs termed "acute" 
diabetics received sufficient insulin daily for 7 days to pro 
duce a glucose free urine. Insulin was then discontimed for 
3 1/2 days before sacrifice. Dogs termed "chronic" diabetics 
were maintained for 1 days on 1/2 the daily dosage of insulin 
needed for a glucose free urine, and insulin was then withheld 
for 3 1/2 days prior to sacrifice. Liver slices from fed 
"acute" ~~ and normal dogs synthesized fatty acids fron 
acetate-1-Cl4 to the same extent. In contrast, hepatic lipo 
genesis of fed "chronic" diabetic dogs was depressed. It is 
concluded that sharp withdrawal of insulin in the "acute" 
animal does not inhibit fatty acid synthesis, but that a 
chronic lack of the hormone does result in a depression of 
lipogenesis. Analysis of the liver of "acute" and "chronic" 
diabetic dogs showed that glycogen was virtually absent in 
both. This finding negates the concept that glycogen is nec- 
essary for lipogenesis. Furthermore, the absence of glycogen 
with undiminished hepatic fatty acid synthesis in the "acute" 
diabetic dog does not support the view that TPNH generated 
specifically via the Hexose Monophosphate Pathway is a pre- 
requisite for lipogenesis. 





Physiology 


A STUIY OF THE NATURE OF THE LIPOGENIC INHIBITOR INDUCED BY 
FASTING. E. J. Masoro, Edith Porter* and H. M. Korchak*, 
Dept. of Physiology, Tufts Univ. School of Medicine, Boston, 
Mass. 

In a recent study (Biochim. et Biophys. Acta 45, 620 
(1960) ) our laboratory reported that a lipogenic inhibitor 
generated by hepatic cytoplasmic particles (probably the 
microsomes) is at least partially responsible for the low 
rate of hepatic lipogenesis in the fasting state. To uncover 
the mechanism by which this inhibitor influences lipogenesis, 
a study of the chemical nature of this substance was under- 
taken. Treatment of microsomes from fasted rats with sonic 
vibration releases an appreciable quantity of the inhibitor 
into aqueous solution. This soluble inhibitory material has 
a high molecular weight as indicated by its behavior on 
dialysis and on a Sephadex G-25 column. The material is quite 
labile; heating at 60°C for 15 minutes almost completely 
destroys it while freezing at -20°C for several days results 
in an appreciable loss of inhibitory activity. Fractionation 
studies with (NH )250), at a neutral pH leads to the isolation 
of the majority of the inhibitory material in the fraction 
precipitating between 30 and 50% (NH),)2S0) saturation. From 
the above results it is concluded that thts lipogenic inhib- 
itor is probably a protein. Work is in progress on the puri- 
fication of the protein. 
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Biochemistry 


BIOSYNTHESIS OF UNIFORMLY LABELED FATTY ACIDS. Robert H. 
coots*. The Procter and Gamble Company , Miami Valley 
faboratories, Cincinnati, Ohio. 

When grown on @ nitrogen-deficient medium for seven days, 
penicillium javanicum had a lipid content of 18% (dry weight 
jesis) with the following fatty acid composition: palmitic 
acid, 20%; stearic acid, 17%; oleic acid, 25%; linoleic acid, 

; and other fatty acids, 6%. The total lipid represented 
a 35% radiochemical yield when U-C14-acetate was the C 
source; unlabeled sucrose was also present in the medium. The 
oleic and linoleic acids were shown to be uniformly labeled 
vith C4. It was observed that when U-Cl4-acetate was the Cl 
source, the specific activity of the linoleic acid was sig- 
nificantly higher than the specific activity of the oleic acid. 
However, when U-Cl4+-sucrose was the Cl4 source, in an other- 
wise identical medium, this relationship was reversed and the 
oleic acid possessed the higher specific activity. This 
observation has been explained on the basis of the differing 
rates of synthesis among the various fatty acids, and the dif- 
fering rates of utilization of the carbon sources, sucrose and 
acetate. 





Biochemistry 


FAT DEPOSITION AND FAT BIOGENESIS IN THE HUMAN AORTA. 
Joseph Le Rabinowitz, Rad. Serves VA Hospe, and 
Biochem. Deptey Unive of Paey Philaey Pae 

By the use of disk=punch techniques, ares of the 
intima and media were obtained throughout the length 
of the human aortae The total fat and fatty acids 
were measured in each disk, The total fat content 
varied with the location of the disk, the highest 
amounts being in the abdominal area. However, the 
percentage of fatty acid was approximately equal 
throughout the length of the aorta. The capacity to 
utilize C-14 acetate and mevalonate as precursors for 
cholesterol and fatty acid syntheses was also deter- 
mined. It was observed that, in general, areas 
richer in fatty materials showed a slightly lower 
incorporation of the precursors. 


Biochemistry 


ce esate CoA-CO2 EXCHANGE REACTION. 
> erts* and P.Roy Vag * ‘ 
Inst., Bethesda, Md. shes cS Hapa 
Evidence has been presented suggesting that the 
malonyl CoA-CO2 exchange reaction is an integral 
teaction of fatty acid synthesis and probably re- 
Presents a reversible condensation-decarboxylation 
teaction involving malonyl CoA and saturated fatty 
acyl CoA derivatives (J.Biol.Chem., in press). The 
enzyme that catalyzes this reaction has been further 
Purified from extracts of C. kluyveri. Paper electro- 
Phoresis of the purified enzyme resolved the system 
into two fractions that are required for the re- 
action. The first fraction is a heat-labile protein. 
jo second fraction has the following properties: 
)stable to boiling for 30 minutes; 2)stable to 0.1N 
acid or base at 25° for 30 minutes; 3)inactivated by 
ba dd 4)active only when reduced; 5)inactivated by 
th trypsin and pepsin but not by chymotrypsin, 


Pe or DNase; 6)precipitable by acid and ethanol; 
imate ny zab le: 8)sedimentation constant of approx 


tely 2.1. With the highly purified enz 
yme system, 
31 ehzyme-bound B-keto acid has been demonstrated as 
Product of the reaction, corroborating an earlier 
Teport by Lynen. 
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Biochemistry 


a-METHYLMALONATE INCORPORATION INTO THE BRANCHED 
CHAIN LACTONE IN ERYTHROMYCIN. Toshi Kaneda* and John 
W. Corcoran.* Biochem. Dept. Western Reserve U., Cleveland. 

opionate is incorporated, without randomization, into the 
C3 subunits of erythronolide (E), the aglycon of erythromycin 
(Corcoran et al. , J. Biol. Chem. 235, PC 29 (1960)) and by an- 
alogy,with the biogenesis of other lipids, a-methylmalonate 
might be an intermediate. Washed cells of S. erythreus effici- 
ently incorporate a-methylmalgnate -C!*H, (20 uM, 1.3x10? cpm/ 
mM) into erythromycin (1.1x 10° cpm/mM after dilution with 150 
mg. carrier) in the presence of unlabeled propionate (20 »M). 
From Kuhn-Roth degradation, the, terminal Cs; unit of E was iso- 
lated as propionic acid (9.7x]0° cpm/mM) and the other units 
as acetic acid-2-C!* (9.310 cpm/mM) and CO,. This is the 
same C'* distribution produced by propionate-3-C'*, and the 
like specific activity of each C3 unit suggests a common precur- 
sor. In an identical experiment in which the propionate was 
labeled (Pr-1-C!*, 1.1x10? cpm/mM) erythromycin of a higher 
specific activity (8. 2x106 cpm/mM) was isolated. Cell free 
extracts of S. erythreus can form the coenzyme A esters of pro- 
pionate and a-methylmalonate about equally well, and they also 
convert propionate -1-C!* into a-methylmalonate, succinate, 
fumarate, and other, unidentified, radioactive acidic and neu- 
tral substances. These data show that a-methylmalonate is in- 
corporated into E, although propionate is not excluded as an 
intermediate. 


Biochemistry 


SYNTHESIS AND BREAKDOWN OF MALONYL-CoA BY WHEAT GERM ENZYMES. 
M.D.Hatch* and P.K. St Dept. of Biochemistry and Bio~ 
physics, Univ, of Calif.,, Davis, Calif, 

A soluble wheat germ enzyme system incorporated acetate~l- 
olf into fatty acids and malonyl CoA, CoASH, ATP, TPNH end 

were essential for activity, In partially~purified sub- 

fractions the following activities involving malonyl CoA have 
been identified: (a) the formation of malonyl CoA by carboxy 
lation of acetyl CoA, (b) a transfer reaction resulting in the 
formation of C14-malonyl CoA from clt-acetyl CoA and unlabel- 
led malonyl CoA, (c) decarboxylation of malonyl CoA: the pro~ 
duct appears to be free acetate, (d) malonic thiokinase, {e) 
malonyl CoA thioesterase, ‘The carboxylation and transfer 
reactions have not been separated but ATP is required for the 
carboxylation, At low concentrations p~CMB inhibits the car- 
boxylation but does not affect the transfer, With more pur~ 
ified enzyme preparations avidin inhibits the carboxylation 
end transfer reactions, Preincubation of the avidin with 
excess of biotin prevented the inhibition of the transfer 
reaction, put only partially reactivated the carboxylation pro- 
cess, C~*0O, was not incorporated into malonyl CoA in the pre~ 
sence of untabelled malonyl CoA and acetyl CoA, The substrate 
specificity of the carboxylation end transfer enzymes will be 
described, The possible influence of these enzymes on fatty 
acid synthesis will be discussed, (Supported by NSF grant) 


Biochemistry 
FATTY ACID METABOLISM IN CLOSTRIDIUM BUTYRICUM, 
Howard Goldfine*, Harvard University, Chemistry Dept. , 
Cambridge, Mass. 

Clostridia and Lactobacilli synthesize unsaturated fatty 
acids in the absence of molecular oxygen in contrast to the 
requirement for molecular oxygen demonstrated in yeast 
by Bloomfield & Bloch [J. Biol. Chem, 235, 337 (1960 )). 
Furthermore, olefinic acids are not derived from long-chain 
saturated fatty acids as they are in yeast. The metabolism 
of a homologous series of saturated fatty acids by growing 
cells of C, butyricum was investigated. Chain elongation 
was observed with lauric and myristic acids and to a lesser 
extent with palmitic acid. No significant conversion of 
these fatty acids to olefinic acids was observed, Label 
from 1-C!#-octanoate and 1-C]4-decanoate was incorporated 
into long-chain saturated and unsaturated fatty acids. De- 
gradation appears to have occurred prior to incorporation 
since the long-chain fatty acids were randomly labeled, 
Acetic and butyric acids in the medium were unlabeled 
suggesting that the degradation product is not in equilibrium 
with acetyl CoA derived from glucose. 











Biochemistry 


FATTY ACID SYNTHESIS FROM MALONYL CoA IN LIVER FROM STARVED 
RATS REFED A FAT-FREE DIET. Dorothy D, Hubbard*, David W, 
Allmann™, George S, Mclain* and avid M, Gibson. Dept. of 
Biochemistry, Indiana Univ, School of Med., Indianapolis, Ind, 

Starvation in rats (for 8-;2 hours) is associated with 
markedly diminished activity levels of the soluble liver 
enzyme system that synthesizes long chain fatty acids from 
malonyl CoA (Biochem. Biophys. Research Comm, 3, 531, 1960), 
Refeeding the starved animal over a 8 hour period with a fate 
free diet restores the specific activity and yield of this 
enzyme system to levels greatly in excess of normal. Glucose- 
6=phosphate dehydrogenase undergoes the same changes relative- 
ly. Its rise in activity during the refeeding phase does not 
preceed the appearance of the fatty acid synthesizing system. 
6=Phosphogluconate dehydrogenase activity, although depressed 
in starvation, does not rise to the high levels observed with 
the other enzymes during the 48 hour refeeding period, These 
findings suggest that the increase in lipogenesis observed 
with liver slices in similar experiments (H.M. Tepperman and 
J. Tepperman, Diabetes 7, 78, 1958) may be determined 
primarily by the level of the enzyme system that synthesizes 
palmitate from malonyl CoA, rather than by the level of the 
pentose cycle dehydrogenases, 








Biochemistry 


ACETATE INCORPORATION INTO THE 2-HYDROXY FATTY ACIDS OF THE 
RAT BRAIN. Armand J. Fulco* and James F. Mead. Dept. Physio- 
logical Chemistry, U. Cal. Med. School, Los Angeles, Calif. 

The biosynthetic origin of the 2-hydroxy-fatty acids of the 
brain has in the past remained obscure, chiefly because of the 
lack of methods for the quantitative separation and isolation 
of the individual fatty acids. Thus it was not certain 
whether these acids were totally synthesized from acetate or 
whether other precursors were involved. In the experiments 
reported here, 13-day-old rats were injected with acetate-l- 
cl4 over a 4-day period. The 2-hydroxy saturated fatty acids 
were isolated as a group from the brains and analyzed by gas 
chromatography as described by Kishimoto and Radin, J. Lip. 
Research, 1, 72 (1959). The individual acids were then iso- 
lated by liquid-liquid reversed phase chromatography of the 
2-acetoxy-derivatives. The relative total-radioactivities of 
the individual 2-hydroxy fatty acids were: Cj 6 and lower, 
1.00; Cyg, 1.20; Ca9, 1.45; Coz, 7.20; Co4, 15.15; Co6 and 
higher, 1.18. The specific radioactivities ranged from C16, 
300 d/s/mg. to Co4, 1,700 d/s/mg. Only traces of the odd- 
numbered hydroxy fatty acids were found and these had negli- 
gible radioactivity. Decarboxylation experiments showed that 
12 and 17 per cent of the total activity of the Co9 and C24 
acids respectively was in the carboxyl group. 








Biochemistry 


ACETYL CoA AND MALONYL CoA CONDENSATION BY THE FATTY ACID 
SYNTHESIZING SYSTEM. H. K. Pujari™, Dept. of Biochem, Duke 
Univ., Durham, N. C. 

Malonyl CoA has been shown to be the first intermediate in 
the synthesis of long-chain fatty acids from acetyl CoA. The 
conversion of malonyl CoA to palmitate is dependent upon the 
presence of acetyl CoA, TPNH and a highly purified enzyme 
fraction derived from pigeon liver. When malonyl CoA was 
incubated with acetyl CoA and the enzyme fraction an inter- 
mediate compound accumlated with simultaneous release of COs 
and CoA. The decarboxylation of malonyl CoA is absolutely 
dependent upon the presence of acetyl CoA. Propionyl CoA and 
butyryl CoA can substitute for acetyl CoA to a lesser degree, 
thus confirming our observations on the incorporation of 
these metabolites into fatty acids. The product of condensa- 
tion was completely converted to palmitate when TPNH was added 
to the reaction mixture. The intermediate incorporated the 
carbon atoms of both acetyl CoA and malonyl CoA except for the 
free carboxyl group of malonyl CoA. It could be distinctly 
separated from malonyl CoA, acetyl CoA and palmityl CoA on 
paper chromatography. On hydrolysis it yielded an acid which 


had an Re of 0.39 on chromatography in butanol: ammonia system 
and is readily distinguishable from malonic, acetoacetic, 
B-hydroxybutyric, acetic, butyric, hexanoic, palmitic etc. 














Biochemutry 
SYNTHESIS OF LONG CHAIN FATTY ACIDS. R. Bressler™ and Salih 
J. Wakil. Dept. of Biochem., Duke Univ., Durham, N. C. 

The conversion of malonyl CoA to palmitate, catalyzed by ¢ 
highly purified pigeon liver enzyme fraction can be repre. 
sented by the following equation: CHsCOSCoA + THOOCCHSCOSCos 4 
14TPNH + 14H’—> CHe(CHe) 14COSCoA + 7COp + THoO + L¥TPNt + - 
T7COASH. Acetyl CoA could be substituted for by propionyl (Co, 
and to a lesser degree by butyryl CoA and hexanoyl CoA. The 
Km values for the acetyl CoA, propionyl CoA and butyryl Cog 
are 2.3 x 10°°M, 5.7 x 10°5M and 3.9 x 10°4M respectively, 
Palmitic acid is the major product (80%) when AcCoA was used 
while heptadecanoic (70%) and stearic acids (85%) were formd 
respectively when propionyl CoA and butyryl CoA were added, 
Three and 7 tritium atoms were incorporated into palmitate 
from tritium labeled acetyl CoA (CTsCOSCoA) and malonyl CoA 
( HOOCCTSCOSCoA) respectively in accordance with the above 
formulation. Malonyl CoA loses 1 tritium atom per mole, 
presumably as water, during its overall conversion to palmi- 
tate. Short chain fatty acyl CoAs (C4, Ce, Cg, etc.,) did 
not accumlate suggesting that they may not be intermediates 
(or in equilibrium with such intermediates) in the overall 
synthesis. Instead an intermediate compound (presumably not 
acetoacetate) was isolated from the condensation of malon? 
CoA and acetyl CoA which could be converted to palmitate by 
the addition of TPNH to the reaction mixture. 





















Biochemistry 


STUDIES IN THE REDUCTIVE BLOSYNIHESIS OF FATTY ACIDS. A. F, 
D'Adamo, Jr.*, H. D. Hoberman, and D. Haft*. Dept. of Bio- 
chemistry, Albert Einstein College of Medicine, New York, 

Previous studies of reductive biosyntheses have shown 
that the q-hydrogen of lactate is incorporated into the 4 
and 6 positions of hexose in the fasted rat. In our present 
studies with perfused rat liver where the liver donor has 
been maintained on a high carbohydrate diet for 24 hours it 
has been found that both L-lactate-2-T and D-glucose-1-T 
incorporate tritium into fatty acids. 

Since tritio-acetate may be synthesized from both sub- 
strates, we have investigated the labelling pattern of triti- 
ated fatty acids synthesized from tritio-acetate under the 
same conditions and find that the end-methyl group accounts 
for 70% of the isotope incorporated while the specific ac- 
tivity of the qa-position is 570 times that of the H of the 
perfusate water. End-methyl group degradation was ac- 
complished by oxidation with Cr03 in dilute sulfuric acid; 
the activity of the q-position was determined by refluxing 
the methyl esters with sodium methoxide in methanol. 

Similar degradations of the fatty acids from labelled 
lactate and glucose show that the end-methyl group contains 
only 3% of the incorporated isotope while the q-position is 
almost devoid of isotope. It is concluded that the labelling 
observed occurs by a direct reductive process. 
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Physiology 


REMOVAL OF INTRAVENOUSLY INJECTED FAT FROM THE CIRCULATING 
BLOOD. Harry H. LeVeen and Prud Giordano*. Veterans 
Administration Hosp., Brooklyn, N.Y., and State Univ. of N.Y., 
Downstate Med. Center. 

Stable fat emulsions have been made for intravenous use but 
in vivo stability is not insured. Plant phospholipid may be 
used as an emulsifying agent, but it is precipitated by humas 
gamma globulin. Intravenously injected fat may not be removed 
from the blood as is postprandial lipemia, when clearing fac- 
tor is involved. Blood fat levels and NEFA were measured be- 
fore and immediately upon completion of the injection, and 3 
to 4 hours after the injection of fat emulsion. The sera of 
all patients receiving the emulsions were tested for in vitro 
compatibility with emulsion. Rapid removal of injected fat 
was closely related to incompatibility as evidenced by break- 
ing of emulsion on the addition of patients’ sera. Slow 
removal of fat from the blood was accompanied by a rise in 
serum NEFA, but this rarely occurred with rapid disappearance 
of injected fat. It is doubtful that clearing factor played 
a role in those patients who cleared the fat emulsions rapid- 
ly. Removal was not correlated with the concentration of 
clearing factor. In slow removers, high plasma concentrations 
of circulating fat stimulated liberation of clearing factor. 
(Supported by the National Institutes of Health Grant No. 
A-1652.) 
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Physiology 


GRADIENT CENTRIFUGATION STUDIES ON THE SIZE DISTRIBUTION OF 
CHYLOMICRONS. Gabriel G. Pinter and D. B, Zilversmit. Div. 
Physiology, University of Tenn., Memphis, Tenn. 

The rate of flotation of small fat particles centrifuged 
in a density gradient is described by the Stoke's formla. 
4 sucrose density gradient was prepared by injecting 50% 
sucrose into a mixing chamber containing 30% sucrose. After 
instantaneous mixing the solution was delivered into a cen- 
trifuge tube. The concentration gradient in the centrifuge 
tube was nearly linear. The reliability of the method was 
checked by applying it to monodisperse emulsions of polysty- 
rene particles of known diameter. The values obtained with 
our procedure are within 8% of those determined by electron 
microscopy. For the measurement of chylomicron particle size 
distributions lymph was layered into the bottom of the centri- 
fuge tube. After centrifugation 6-12 fractions were removed, 
and the triglyceride content of the fractions was determined. 
Following cream feeding lymph was collected from the thoracic 
duct of dogs and from the cisterna chyli of rats. Of the 
total triglyceride 73-81% was recovered in fractiops compris- 
ing particles of 0.1-O.kp in diameter. In Lipoml", a commer- 
cially available fat emulsion used for i.v. alimentation, 72% 
of the total fat is found within the particle size range of 
0,2-0.7 in diameter. (Supported by a grant from USPHS 
H-1238 and by a contract of the U. S. Army.) 





Physiology 
THE EFFECT OF HORMONES ON GLYCEROL LEVELS IN BLOOD. 
Jean Himms Hagen.* Dept. of Physiology, Univ. of 


Manitoba, Winnipeg, Canada. 

The observation that adrenaline (leboeuf, Flinn and 
Cahill, Proc. Soc. Exptl. Biol. Med., 102, 527, 1959) and 
glucagon (Hagen, J.H., in press) increase the release of 
glycerol in addition to FFA from adipose tissue in vitro 
suggested that the concentration of glycerol in blood might 
be altered by these hormones. A specific and sensitive 
enzymic method for the estimation of glycerol has been 
developed which makes use of glycerol dehydrogenase 
prepared from Aerobacter aerogenes and measures DPNH 
formation. The effect of these hormones on glycerol, 
glucose and FFA levels in the blood of conscious rabbits 
has been measured. Intravenous injection of noradrenaline 
causes a marked increase in blood glycerol which parallels 
the rise in blood FFA, This rise is only seen in starve 
rabbits, in which the mild hyperglycemia caused by noradrena- 
line is not sufficient to provoke insulin secretion. 

Insulin appears to decrease bldod glycerol concentrations. 
Injected glycerol disappears from the blood very rapidly and 
thus the rise caused by noradrenaline probably represents an 
influx of large amounts of glycerol into the blood. 


Physiology 


MOBILIZATION OF UNESTERIFIED FAT®Y ACIDS (UFA) 
FROM ISOLATED RAT ADIPOSE TISSUE BY NERVE STIM- 
ULATION, IN VITRO. James W. Correll*, Dept. Neurologi- 
calSurgery, Coll. Physicians & Surgeons, Columbia U.,N. Y. 

The neurovascular pedicle leading to the epididymal fat 
body was stimulated electrically for 2hrs. using a 1. 0 msec. 
Square wave pulse at a frequency of 50/sec. while the adipose 
tissue was incubated at 37° in 5% bovine serum albumin in 
Krebs-Ringer phosphate buffer solution. UFA was estimated 
by the method of Dole and the production by adipose tissue re- 
corded as microequivalents/gram wet weight of tissue per hr. 
(WEq/gm/hr). In the absence of stimulation the production of 
UFA by one fat body as compared to the other from the same 
animal was similar. Stimulation using 5 volts approximately 
doubled the output of UFA; the increase for this tissue from 
tats starved 24hrs. being 0.57 S.E.£0.04 wEq/gm/hr. The 
tesponse was increased by starvation. Dibenamine reduced 
the effect of stimulation and sympathectomy 4-18 days before 
completely prevented it. These experiments provide direct 
evidence that the nervous system is able to exert a highly 
Significant control over adipose tissue and the mobilization of 
UFA. (Supported by the Paul Moore Fund) 
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Physiology 


IN VITRO RELEASE OF FREE FATTY ACIDS (FFA) BY ADI- 
POSE TISSUES IN YOUNG AND OLD RATS. Henry Altschu- 
ler*, Mollie Lieberson* and John J. Spitzer. Ger- 
ontological Research Institute, Philadelphia, and 
Hahnemann Medical College Philadelphia, Pa. 

The release of FFA by epididymal and mesenteric 
adipose tissues was studied using buffered bovine 
albumin as incubation medium. The tissues were 
removed from three groups of rats: Group A weigh- 
ing less than 100 g, Group B 200-300 g, Group C 
400-500 g. Average release of FFA by epididymal 
adipose tissues from Group A was higher (26.6 pEq/g 
tissue /hr.) than from Group B (4.52) or Group C 
(6.54). There was no significant difference be- 
tween Group B and C. Epinephrine increased FFA 
release in all three groups, but its effect was 
more pronounced in Group A (49.36) than in Group B 
(10.4) or C (18.67). Mesenteric adipose tissues 
taken from Group A also released more FFA (32.7) 
than tissues from Group B (4.4) or C (4.9). It is 
concluded that the age of rats has a marked influ- 
ence on adipose tissue activity in releasing FFA 
in vitro. 





Physiology 


EPINEPHRINE-INDUCED LIPOLYSIS IN FAT TISSUE INHIBITED BY 
RIBONUCLEIC ACID: V. P. Dole. Rockefeller Institute, N. Y. 

The epididymal fat pad of a normally-fed rat, in Krebs- 
Ringer bicarbonate or phosphate medium, with albumin (5%), 
nonesterified fatty acids (600-1000 peq/L), and glucose (200 
mg%), usually takes up fatty acid from the medium. Epine- 
phrine (1 ug/cc) added to this system causes a release. This 
lipolytic effect was found to be blocked by yeast RNA (0.1- 
1.0 mg/cc), although in the absence of epinephrine RNA had no 
effect on the turnover of fatty acids. DNA caused a lesser 
reduction (30%) in lipolysis. Mixed nucleotides (RNA in 0.3 
N NaOH 18 hrs at 37° C) were about half as effective as the 
original RNA. Adenylic acid and cyclic 3'-5' AMP were also 
about half as effective; guanylic acid inhibited about 30%, 
while cytidylic and uridylic acids were without effect. ATP 
caused about 75% inhibition. Adenosine, deoxyadenosine and 
guanosine inhibited 60%, 40%, 25%, resp. Ribose-5-PO, (200 
mg %) inhibited about 50%. Conversely, adenine, 6-mercapto- 
purine, hypoxanthine, caffeine, pyrophosphate accelerated 
output. The uptake of fatty acids, as measured by labeling 
of triglyceride from C}*-1-palmitate in the medium, varied in- 
dependently of changes in fatty acid output: RNA blocked re- 
lease of fatty acids but caused no consistent increase in 
esterification, while adenine, doubling the output, did not 
reduce uptake. 


Biochemistry 


FATTY ACIDS OF LIVER AND ADIPOSE LIPIDS DURING CERIUM-INDUCED 
FATTY LIVER INFILTRATION. Fred Snyder*, *, and 
- Oak Ridge Institute of Nuclear Studies, Medical 

Division, Oak Ridge, Tenn. (Under contract with the USAEC). 

The elevation of plasma free fatty acids preceding fatty 
liver degeneration in animals injected with cerium (III) 
(2 me/ke) had suggested that mobilized extrahepatic lipids 
might be the source of the increased liver glyderide level 
caused by rare earths. The specific fatty acid composition of 
adipose tissue, of liver and in one case, of the phospho- and 
neutral lipid fractions of the liver, was compared for control 
and cerium-injected rats maintained on a Dietrich and Gambrill 
stock diet. Methyl esters of the fatty acids were prepared 
using dimethoxypropane in methanol-12S0, and separated on 
ethylene glycol succinate by gas chromatography. The adipose 
fat of rats on the stock diet was very high in oleic and low 
in stearic acid, whereas the opposite was found in the liver. 
The fat coming into the liver of the cerium-exposed rats 
caused this ratio to be inverted, and it was concluded that 
adipose fat was mobilized to the liver, exerting a diluent 
effect in the neutral lipid fraction. This was borne out by 
the distribution of the other fatty acids. A similar change 
was observed in the ethionine-induced fatty liver. These 
changes can be observed 6 hours after the injection of cerium, 


but a signif cant increase in total liver lipids cannot be 
seen until hours after I.V. cerium. 





Biochemistry 
MOBILIZATION AND REMOVAL OF INDIVIDUAL FREE FATTY 
ACIDS IN DOGS. Harvey I. Miller*, Martin Gold* and 
John J. Spitzer*. Dept. of Physiol. Hahnemann Med- 
ical College Philadelphia, Pa. 

Simultaneous blood samples were obtained from 
femoral artery and vein, portal, hepatic, and epi- 
gastric veins and coronary sinus. Plasma free fatty 
acid (FFA) content was determined and the individ- 
ual fatty acids of the FFA fraction(separated on 
silicic acid and ion exchange columns) were studircd 
gas chromatographically in all samples. FFA con- 
centration was higher in the femoral vein than in 
the artery, the difference being due predominantly 
to release of palmitic, palmitoleic, oleic and lin- 
Oleic acids. Direct comparison of FFA in epigastric 
vein (draining adipose tissue) with those in the 
femoral artery demonstrated that these fatty acids 
were released by adipose tissue. Myocardium removed 
palmitic, stearic, oleic and linoleic acids. Skel- 
etal muscle may also remove palmitic, stearic and 
oleic acids. Liver is capable of removing palmitic 
stearic and oleic acids, as well as some shorter 
chain acids. Further studies to elucidate the 
mechanism of FFA uptake by these organs are in 
progress. (Supported by a grant from the National 
Heart Institute.) 








Pharmacology 


ACUTE ETHANOL INTOXICATION AND LIPID MOBILIZATION. E, E. Elko™ 

and N. R. Di Luzio*, Dept. of Physiol.,Univ. of Term., Memphis 
Oral administration of a single dose of ethanol to nor- 

mal rats promptly produces a fatty liver. Although the mecha- 


nism of the ethanol-induced fatty liver is undefined, it has 
been suggested that augmented peripheral lipid mobilization 
was « factor (Maling et. al., Fed. Proc., 19, 229, 1958). To 
evaluate this hypothesis three groups of twelve young male 
rats pre-fasted eight hours, received by oral intubation a 
single dose of either ethanol (0.6g/100g), isocaloric glucose, 


or sodium chloride. The rats were killed 16 hours later. 
Indices of lipid mobilization were the difference between the 
amount of triglyceride ir the epididymal fat depots removed 
before and the depots removed 16 hours after intubation and 
the plasma free fatty acid (FFA) alterations. Acute ethanol- 
treated rats displayed a 3-l fold increase in hepatic trigly- 
cerides. The body weight loss, plasma FFA and plasma trigly- 
ceride concentrations were similar in all groups. The deple- 
tion of triglycerides from epididymal fat pads was identical 
in all groups. Thus, it appears, as measured by the altera- 
tions in piasma FFA levels and the triglyceride content of a 
characteristic peripheral fat depot, that acute ethanol in- 
toxication does not enhance lipid mobilization. (Supported 
by National Council on Alcoholism.) 


Pharmacology 


METABOLIC EFFECTS OF PHENTOLAMINE POMP ARED TO EPINEPHRINE. 
C. R. Boshart,* L. Will,* A. Pirre* and I. Ringler. Dept. of 
Pharm. Res., Lederle Laboratories, Pearl River, N. Y. 
Intravenous administration of phentolamine to unanesthe- 
tized fasted male dogs produced a two-threefold rise in the 
plasma concentration of nonesterified fatty acids (NEFA) with- 
in 1 hour after injection. Blood glucose levels rose slightly 
during the first 10 minutes but fell to below preinjection 
levels by the end of 1 hour. The plasma concentration of NEFA 
fell to normal limits in 6-24 hours while blood glucose values 
were in the normal range by the end of 2 hours. Intravenous 
epinephrine (25 or 40 ye/kg) produced both a maximal hyper- 
glycemic response and increase in NEFA concentration within 10 
minutes after injection. The results with epinephrine are at 
variance with the report of Shafrir and Steinberg (J. Clin. 
Invest. 39: 310 [1960]) who observed that the maximal in- 
crease in the blood level of glucose did not occur until after 
the concentration of NEFA had reached a maximum and was de- 
clining. Phentolemine or epinephrine injected subcutaneously 
into rats gave results similar to the observations in dogs. 
The above findings suggest that the profound increase in 
aevels of NEFA following phentolamine are not the conse- 
quence of initial sympatho-adrenal discharge. 








Pharmacology 
TRANSPORT OF LIPIDS BY THE ISOLATFD PERFUSED RAT LIVER, 
Beiubeng" Ira Weinstein*, Howard Klausner* and M.L. Wate 
ept. of Pharmacology, Vander ve, Nashville, Tenn, 

Liver perfusion was carried out by the portal route, 

defibrinated rat blood diluted with Krebs-Henseleit bicarbo. 
nate buffer pH 7. as the medium, Flow rate, bile flow and 
bromsulfalein uptake were used as indices of liver function, 
Lipid released from the livers of fed animals into the perfys. 
ate in the absence of added lipid was found in the triglyceriq 
fraction. In similar experiments livers from fasted rats did 
not release lipid into the perfusate, but removed triglyceridy 
from the medium, Both synthetic neutral fat emulsions and rat 
chylomicra were more rapidly removed from the circulating m. 
dium by livers from fasting animals than from fed animals, Ip 
liver from fed animals uptake of neutral fat from the medium 
and release of triglyceride from liver occur simultaneously, 
Similar data were obtained when the liver was perfused by a 
retrograde route in otherwise identical experiments. Qualitas 
tively similar results were obtained in previously reported 
studies using a perfusate lacking blood (Am.J.Physiol. 195: 67} 
678 (1958), No difference in the rate of uptake of a fatty 
acid-albumin complex was observed using livers from either fed 
or fasting animals. These results suggest that hormonal fac. 
tors regulate the transport and utilization of triglycerides 
in the liver. (Supported by a grant from Natl, Insts. Health,) 


Pharmacology 


ROLE OF PITUITARY-ADRENAL SYSTEM IN DERANGEMENT OF FAT MOBILI- 
ZATION PRODUCED BY ETHANOL. R. P. Maickel* and R. Paolettit, 
Natl. Insts. of Health, Bethesda, Md. 

Oral doses of ethanol (6.0 gm/kg) in rats produce marked 
deposition of triglycerides in liver. This deposition does 
not occur after hypophysectomy or adrenalectomy suggesting a 
role of the pituitary-adrenal system through ACTH release 
(Brodie, B.B., et al., Proc. Int. Sym. Drugs Affecting Lipid 
Metab., Milan, Italy, 1960, in press). We have studied the 
response of the pituitary-adrenal system of male and female 
rats to ethanol. Two hours after administration of ethanol 
(6.0 gm/kg), adrenal ascorbic acid was reduced by 30%; plasma 
levels of corticosterone were elevated by 150-200%; and plasm 
free fatty acids were increased by 100%. Liver tryptophan 
peroxidase activity increased by 250% in 6 hours. These re- 
sults indicate that ethanol evokes hypersecretion of ACTH, 
Accordingly, the effects of a large dose (250 USP units/kg) of 
"depot" ACTH ("Acthar" H.P. gel-Armour Co.) were studied in 
male rats. The changes in plasma corticosterone and free fatty 
acids, and in liver tryptophan peroxidase were similar to thor 
observed after the large dose of ethanol. Moreover, the ACTH 
produced a marked deposition of triglycerides in liver. The 
results indicate that ethanol caused secretion of ACTH in 
amounts which maximally stimulated the adrenal cortex. 


Pharmacology 


INCORPORATION OF PALMITATE-1-C14 INTO TRIGLYCERIDES AND PHOS- 
PHOLIPIDS BY CELL-FREE HOMOGENATES OF LIVERS FROM CONTROL AND 
ETHANOL-TREATED RATS. M, Wakabayashi,*M. G. Horning,*H, M. 
Maling, and B. B. Brodie. Natl. Insts. of Health, Bethesda, M 

Previous studies from this laboratory indicate that the 
triglycerides deposited in rat liver after ethanol administra- 
tion are formed from fatty acids mobilized from adipose tissue 
Experiments were undertaken to ascertain whether increased 
incorporation of fatty acids into triglycerides might be a 
factor in the accumulation of the neutral fat in liver. Albu 
min-bound palmitate-1-C14 was incubated by the method of Steia 
and Shapiro with cell-free liver homogenates from control rats 
and rats treated 7 hours previously with ethanol (6 g/kg 
orally). Total lipids were extracted and fractionated by 
silicic acid chromatography. The labelled palmitic acid in 
liver homogenate triglycerides from ethanol-treated rats was 
found to be twice that from control rats; in contrast, the 
labelled acid in the homogenates phospholipids of treated rats 
was about half that of control animals. These results indi- 
cate that ethanol changes the activity of reactions that syn- 
thesize triglycerides and phospholipids so as to favor the 
formation of neutral fat. 











(OBILI- 
ttt. 


pid 


rats 
dis 
syn- 





Pharmacology 


DECREASED HEPATIC RELEASE OF TRIGLYCERIDES IN CC1, - TREATED 
pats. Arthur Frank*, Marjorie G, Horning*, and Harriet M. 
Maling. Natl. Insts. of Health, Bethesda, Md. 

Previous studies fror this laboratory indicate that the 
triglycerides deposited in rat liver after CCl, administra- 
tion are formed from fatty acids mobilized from adipose 
tissue. Experiments were undertaken to ascertain whether 
block of hepatic release of liver triglycerides might be a 
factor in the accumulation of the neutral fat. Twenty hours 
after fema}¢ rats were given CC14 orally, albumin-bound pal- 
mitate-1-C (10 pc/rat) was injected intravenously, Within 
10 minutes, almost all the radioactive palmitate disappeared 
from plasma of both control and CCl,-treated animals. In 20 
minutes, considerable radioactivity had appeared in plasma 
triglycerides of control rats, but only trace amounts in 
plasma triglycerides of CCly-treated rats. At this time the 
incorporation of labelled palmitate was considerably higher 
in liver triglycerides of CCl,-treated than of control rats. 
It is tentatively concluded that an important factor in the 
accumulation of liver triglycerides in CCl,-treated rats is 
a decreased hepatic release of triglycerides, presumably as 
lipoproteins. 





Pathology 


THE EFFECTS OF d-THYROXINE IN PATIENTS WITH DEGENER- 
ATIVE VASCULAR DISEASE. KLEIN, E., Baker, H.* Santos, 
H.* Driscoll, K.* and Wood, S.* Dept. of Med. Tufts 
Univ. School of Med., Boston, Mass. 

The effects of d-thyroxine (DT4) were investig- 
ated in a double-blind, placebo-controlled study of 
30 patients with coronary and/or cerebrovascular 
disease (15 males and 15 females between 50-80 years) 
After 8 weeks of administration of 8 mgs DT4 or of 
placebo, respectively, the agents were reversed for 
an additional nericd of 16 weeks. Determinations of 
complete hFlood counts, coagulation tests, hepatic 
function tests, NPN, FBS, PET, blood electrolytes, 
blood lirids, BMR and EKG were carried out weekly 
for the first 12 weeks and from then on at monthly 
intervals. The following changes were observed 
while DT4 was administered: The blood levels of chol- 
esterol, cholesterol esters, and phospholipids de- 
creased by 15-45% below the pre-administration lev- 
els. The blood levels of the total fatty acids fell 
accordingly. The free fatty acids remained unchanged. 
PBI values rose markedly; BMR, pulse rate and weight 
remained unchanged. Thromboplastin generation was 
slightly and inconstantly inhibited. No changes were 
noted in other determinations. 








Nutrition 


DIFFERENCES IN THE CHOLESTERYL ESTER FATTY 
ACID PATTERN IN HUMAN MATERNAL AND CORD SER- 
UM. James E. Muldrey*, James G. Hamilton*, Julian A. 
Wells*, Joseph R. Swartwout* and O. Neal Miller, Tulane 
Univ. School of Medicine, New Orleans, La. 

Lipid extracts of maternal and cord sera are chromato- 
graphed on silica gel-coated glass fiber paper in isooctane. 

cholesteryl esters completely separate into five frac- 

tions: 1) cholesteryl palmitate, 2) oleate and palmitoleate, 
§) linoleate, 4) arachidonate and linolenate, and 5) C.,, and 
Cag penta- and hexaenoates. The esters were deternfihed 
qahtitatively by a modification of the method previously re- 
ported (J. Lipid Res., 1, 281, 1960). These observations 
are noteworthy: a) fractions 1,2,3 and 4 average 23,64,120 
and 22 mg.% in 10 maternal sera and 10, 28,11 and 10 mg % 
in 10 cord sera, respectively; b) when maternal and sord 
serum was compared, the ratio of concentrations of indivi- 
dual cholesteryl esters was 2 to 1 with the exception of 
linoleate, which was 11 to 1; c) the predominant fatty acid 

the maternal cholesteryl esters was linoleate whereas the 
predominant fatty acid in cord cholesteryl esters was oleate. 

se and other data suggest that the erence in pattern 
of maternal and fetal cholesteryl esters is the result of an 
active process and not merely placental filtration. 
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Nutrition 


ON THE CHANGES IN PULYUNSATURATED FATTY ACIDS IN PLASMA AND 
ERYTHROCYTES DURING SHORT-TERM ADMINISTRATION OF FAT EMULSION. 
J. #, Iacono,*+ J. F. Mueller, and H. Howard.# University of 
Tincinnati Medical School, Cincinnati, Ohio. 

This study was carried out to further examine the changes 
in plasma and erythrocyte polyunsatureted fatty acids(PUFA) 
in patients receiving fat emulsion intravenously. ‘The sub- 
jects used for this experiment were nutritionally debilitated 
individuals who received 75 gm of cottonseed oil daily as an 
emulsion (lipomul IV). The alkali isomerization method of 
Morris and Riemenschneider was used for the determination of 
polyunsaturated fatty acids. ‘The results indicate that plasma 
PUFA changed markedly in all components in 12 days, partic- 
ularly the dienes which rise to almost twice their initial 
level, All other polyenes show a decrease of 35-50 per cent 
from the initial levels. Although erythrocytes are not as 
changeable as plasma, the diene content of erythrocytes does 
increase about 50 per cent in 12 days. All other polyenes 
studied in erythrocytes showed decreases which were not near- 
ly as significant as those which occurred in plasma, It 
appears, therefore, that with, the administration of fat for 
12 days, that the fasting plasma PUFA can be markedly influ- 
enced by the lipid given, and that although the changes in 
erythrocytes are not as great as those in plasma, they 
occurred in the same direction as plasma, 


Nutrition 


LIPOTROPIC ACTIVITY OF DIFFERENT LIVER EXTRACTS. 
Howard R. Maxwell* and Robert D. Laird*, Sherman 
Laboratories, Detroit, Michigan. 

Vitamin Bj2 concentrates prepared from liver vary 
widely in thetr ability to protect experimental ani- 
mals against fatty infiltration of the liver. Three 
different commercial extracts of liver were injected 
subcutaneously. 3x weekly in doses of lml. each for 63 
days into vroups of 8 to 10 male Sprague-Dawley rats 
on a high fat (51%lard) and normal protein (16%casein) 
diet. At the end of the experimental period the ani- 
mals were sacrificed and livers were removed for 
weighing and analysis. Untreated control animals on a 
low (6%) fat diet had a liver fat of 5.3+.39%, whil: 
other untreated animals on the high fat diet had 25.1+ 
°93%- Two crude liver extracts from different manu-- 
facturers reduced liver fat to 7.2+.49%. Liver weight 
(gm/100/gm of final body weight) remained identical to 
that of the low fat control group:3.85+0.13. A single 
refined liver extract from a third source kept liver 
fat and liver weight within these same limits. The re- 
sults of this study indicated that there was no sig- 
nificant variation in lipotropic activity of the liv- 
er extracts studied. This is in contrast with the 
earlier work with vitamin B)2 concentrates from liver. 
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Physiology 
COAGULANT AND ANTICOAGULANT ACTIVITY OF AMINOPHOSPHATIDES OF 
FUNG! AND MICROORGANISMS, D. LL, Turner*, M. J. Silver, R.R. 
Holbutn* and L, M. Tocantins. Cardeza Foundation Jefferson 
Medical College, Philadelphia, Pennsy! vania. 

A search was made for natural sources of phosphatidyl- 
ethanolamine (PE) and phosphatidy!serine (PS) in yeasts, fungi 
and bacteria susceptible of being grown in synthetic media con- 
taining isotopes for labelling. Paper chromatography of the 
intact phosphatides, and of the products of their mild and 
energetic hydrolysis (Marinetti et al., Fed. Proc., 16,837, 
1957, Dawson, Biochem. J., 75, 45, 1960)showed the presence 
of PS, PE, lecithin and probably inositol phosphatide in Rhodo- 
torula gracilis, Lipomyces lipoferus, Geotrichum candidum, 
Psalliota campestris. Pure PS and PE were isolated by silicic 
acid or DEAE-cellulose chromatography (Rouser, Fed. Proc., 19, 
233, 1960) from some of these sources. The report (Arch. 
Biochem. Biophys., 36, 172, 1951) that Rhodotorula contains PS 
and lecithin, but not PE,could not be confirmed; the quantity 
of phosphatide decreased in the order: lecithin, PE, PS. PE 
from Rhodotorula had P:3.70%, N:1.83, lodine No. 76; PE from 
Psalliota had iodine NO.103. PS is most conveniently avai!l- 
able in Psalliota compestris (lodine No. 70). These sources 
yielded PS anticoagulant fractions and PE coagulant fractions 
of similar potency to those obtained from brain (Proc. Soc. 
Exp. Biol. and Med. 100, 892, 1959). 





Biochemistry 


ON THE STRUCTURE OF BEEF BRAIN POLYPHOSPHOINOSITIDE. 
Clinton E. Ballou and Ray Tomlinson.* Dept. of Biochemistry, 
University or California, Berkeley. 

It has been shown (Grado and Ballou, J. Biol. Chem., 235, 
PC23 (1960)) that beef brain phosphoinositide gives on base 
hydrolysis mainly myo-inositol 1,4,5(6)-triphosphate, along 
with smaller amounts of other myo-inositol polyphosphates. 

We have now completed the determination of structure of all 
of the products. and find that they are interrelated in an 
interesting fashion. The major triphosphate is now known to - 
be myo-inositol 1,4,5-triphosphate. A second triphosphate ob- 
tained in smaller amount, is myo-inositol 2,4,5-triphosphate. 
The two diphosphates obtained are myo-inositol 1,4-diphos- 
phate and myo-inositol 4,5-diphosphate. Structural assignment 
was based on studies of periodate oxidation, controlled acid 
migration of the phosphate groups, and partial dephosphory- 
lation by ammonia and a phosphomonoesterase. 

It is notable that both triphosphates have phosphate groups 
on the 4- and 5-positions. while the third group is on the 1l- 
or 2-position. This result would be expected if a phospha- 
tidyl group on position 1 of the original lipid had undergone 
cyclization across positions 1 and 2, and then reopened during 
the elimination of the glycerol portion by base attack. The 
myo-inositol 4,5-diphosphate would be produced by the direct 
elimination of a phosphatidyl group from position 1. 


Biochemistry 
2-AMINO-~2-METHYLPROPANOL ON LIVER PHOSPHOLIPID FORMATION. 
William J. Longmore* and Dwight J. Mulford. Department of 
Biochemistry, University of Kansas, Lawrence. 

Male rats 17 to 18 days of age of the Sprague-Dawley 
strain were fed a low choline diet containing 18% casein with 
or without 10 mg of 2-amino-2-methylpropanol (2A2MP) per gram 
of food for 5 days. At the end of this period the rats re- 
ceived an intraperitoneal injection of either 5.0 pe ethanol- 
amine-1,2-C14, 4.8 pe dimethylethanolamine-1,2-C14 or 3.8 pe 
choline-1,2-C14, After a period of time following injection 
($ to 8 hours) the animals were sacrificed by decapitation and 
the livers removed. 
ed and their specific activities were determined. The specific 
activity of the total liver phospholipid from animals receiv- 
ing 2A2MP and ethanolamine-1,2-C14 was 20 to 25% of that from 
the control animals, while the specific activities following 
injection of dimethylethanolamine~1,2-C14 and choline-1,2-C14 
were approximately 50% and 100%, respectively, of those from 
the control animals. These results and others to be presented 
suggest that 2A2MP interferes with the incorporation of amino- 
alcohols into liver phospholipid. The extent of interference 
appears to be dependent upon the state of methylation of the 
aminoalcohol. Radioactive lecithin was present in the liver 
phospholipids of both the control and 2A2MP-fed animals 
following injection of the radioactive aminoalcohols. 


Biochemistry 


PROTEOLIPID OF WHEAT FLOUR. 

C. A. Anker*, A. C. Wagenknecht and R. A. Clayton*. 
Fundamental Food Research Dept., General Mills, Inc. 
Minneapolis, Minn. 

Lipids, extracted from unbleached, soft wheat flour 
with benzene, were dialyzed against n-pentane using a 
rubber dam membrane. The non-dialyzable fraction, com- 
prising 42.6% of the benzene extract, contained phospho- 
lipids and loosely associated protein material. 
ter was rendered insoluble and removed by repeatedly 
taking the lipids to dryness from chloroform-methanol 
containing 5% water. The phospholipids were extracted 
with hot acetone, and the insoluble portion was further 
freed of extraneous protein material by countercurrent 
distribution in CC14: CHC13: CHgCl2: CH30H: H20 (25:15: 
10:40:10). The major fraction (7.3% N, 2.0% P) was sol- 
uble in CHClg and chloroform-methanol 2:1 and was biuret 
positive. Acid hydrolysis of this fraction disclosed 18 
amino acids. Mild alkaline hydrolysis gave 36.1% fatty 
acids. The solubility characteristics of this compo- 
nent of the phospholipid fraction indicate that it 
should be classed as a proteolipid. The nature of the 
bond between the lipid and protein or peptide has not 
been established. 





The liver phospholipids were then extract- 
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Biochemistry 

PHOSPHATIDYLSERINE-BOVINE SERUM ALBUMIN INTER. 
ACTIONS. Donald G. Therriault* . 
Biochemistry Division, US Army Medical Research Labora. 
tory, Fort Knox, Ky., and Department of Biochemistry, 
University of Louisville School of Medicine, Louisville, Ky, 

Interaction of bovine serum albumin with phosphatidyl. 
serine was studied by turbidimetric methods. This is based 
on the observation that an emulsion of phosphatidylserine 
forms a clear solution in the presence of serum albumin, 
The decrease in turbidity is attributed to the solubilization ay 
a result of interaction of insoluble phosphatidylserine with 
serum albumin. A measure of the turbidity of bovine serum 
albumin solutions containing varying amounts of phosphatidyl. 
serine offers an independent method of determining the 
amount of phosphatidylserine bound to a given amount of al. 
bumin. It was found that bovine serum albumin will bind 
phosphatidylserine. Analysis by the law of mass action for 
multiple equilibria has led to the conclusion that bovine 
serum albumin possesses a heterogeneity of binding sites for 
phosphatidylserine. The affinity constants and the respective 





maximum number of sites were calculated to be: k) = 1,96x 
= 2; kp = 3.98 x 10%, ny = 31. 
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Biochemistry 
THE PAPER CHROMATOGRAPHY OF PHOSPHOINOSITIDES, 
M. H. Hack. Depts. of Medicine and Anatomy, Tulane Uniy,, 
New Orleans, La. 

The phosphoinositides were readily visualized in total 
lipid extracts of various tissues using silicic acid impreg- 
nated filter paper and a so'!vent system composed of 2, 6- 
dimethyl-4-heptanone, 1,2-dichloroethane, methanol, water 
(100:15:40:8); good separation was achieved in two hours at 
room temperature. Identification was aided by various spot 
tests and by comparison with phosphoinositide isolated from 
dog heart, dog liver, and snake liver using Hanahan's 
(unpublished) technique of elution from aluminum oxide with 
ethanol, chloroform, water (5:2:2). This material was 
readily hydrolyzed by lecithinase A of Agkistrodon piscivorus 
venom. A small plasmalogen component, hydrolyzable by 
mercuric chloride, was detectable. (Supported by Grant 
H2564 from the National Institutes of Health. ) 





Biochemistry 


ISOLATION OF PHOSPHATIDAL CHOLINE, A PURE NATIVE PLASMALOGEN. 
Eugene L. Gottfried* and Maurice M. Rapport. Depts. of Med. - 
and Biochem., Albert Einstein College of Med., New York, N.Y. 


Rates of enzymic (phospholipase A) hydrolysis of phosphati- 
dy] choline and beef heart lecithin (60% phosphatida] choline) 
were compared, using venoms of 20 species of snake. Rates 
varied markedly, some venoms attacking lecithin more rapidly 
than plasmalogen (Marinetti et al., Biochim. Biophys. Acta, 
1959). Conditions could be selected under which hydrolysis of 
phosphatidyl choline by Crotalus atrox venom was complete, 
while most of the phosphatidal choline remained intact. Venom 
(500 pg in 2.5 ml 0.01 M CeClo) was added to beef he» rt leci- 
thin (200 mg in 250 ml diethyl ether) and stirred continuously 
at 27°C. Aliquots were drawn periodically for ester deterni- 
nation. Ethanol (250 ml) was added to stop the reaction after 
50% hydrolysis (1 hr.). Reaction products were separated on# 
silicic acid column at 5° C. (eluting solvents: chloroform 
methanol 9:1, fatty acids; 1:1, phosphatidal choline; 1:9, 
lysolecithin and lysophosphatidal choline). The product was 
further purified by reprecipitation from ether with acetone, 
giving 34.5 mg of colorless microcrystals with P, 3.78% and 
moler ratios of ester:o,f-unsaturated ether:P of 1:1:1. Puri- 
ty was confirmed by paper chromatography. 


(Supported by Research Grant B-1570, N.I.N.D.B., U.S.P.H.S-) 
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Biochemistry 


yonO- AND DIMETHYLETHANOLAMINE CONTAINING PHOSPHOLIPIDS FROM 


NEUROSPORA CRASSA. Michael O. Hall* and Joi F, - Dept. 
@ Physiol. Them., Univ. of Calir., Los anesias” 
Chromatography on silicic acid of a phospholipid extract 
fron Neurospora crassa, strain 790), yields three elution 
is with biological | activity after hydrolysis, as assayed 
by @ choline requiring mutant of Neurospora, strain 386. 
After acid hydrolysis, the first biologically active peak 
eluted from the column was shown to contain only monomethyl- 
ethanolamine, the second contained only dimethylethanolamine 
and the third peak contained only choline. In contrast to 
this, hydrolysates of phospholipids from the "wild-type" 
Neurospora, strain 1A, give only one biologically active peak, 
aemonding to lecithin. The fatty acids released from 
each fraction after mild alkaline hydrolysis have been iden- 
tified. The three water soluble products resulting from al- 
kaline hydrolysis of each phospholipid peak, yield the phos- 
te esters of monomethylethanolamine, dimethylethanolamine 
and choline when treated with periodate and phenylhydrazine. 
These methods of chemical degradation establish the structures 
of these compounds as phosphatidyl mono- and dimethylethanol- 
amine. The isolation of these substances from an organism 
grom only on sugar, salts and biotin establishes their role 
ag normal products of cell metabolism. 


Biochemistry 


EFFECTS OF OUABAIN ON INCORPORATION OF P32 INTO PHOSPHOLIPIDS. 
Elwood Titus, Doris Nicholls* and Julian Kanfer*. Natl. Insts 
of Health, Bethesda, Md. 

Phosphatidic acid, which accounts for most of the lipid 
p32 in mammalian tissue slices incubated with radioactive 
phosphate, may act as a cation carrier in active transport 
(Hokin, J. Gen. Physiol. 44, 61). Rabbit tissue slices 
(listed in order of increasing P’“ incorporation) were in- 
cubated 4 hrs. in Krebs bicarbonate medium containing labeled 
PO, and 1075 M ouabain, an inhibitor of cation transport. 

Per cent decreases from control values for total phospho- 
lipid p32 were: diaphragm, -67; heart, -36; liver, -62; 
kidney, -38; brain, -67. Transitory increases lasting up 

to 60 min. occurred in diaphragm, kidney and brain. Ouabain 
increased phospholipid p32 in sea gull (L. argentatus) salt 
gland slices by 18 per cent after 2 hr. incubations. After 
maximal stimulation of P~“ incorporation by acetyl choline, 
ouabain was always inhibitory in all tissues. Sheep erythro- 
cytes in which active cation transport occurred did not 
synthesize p32 phospholipid. The ouabain effects may re- 
flect changes in PO4 permeability or ATP synthesis. 





Nutrition 


NATURE OF ALDEHYDOGENIC UNITS OF HUMAN RBC“PLASMALOGENS. 
J. W, Farquhar* and K, Oette.* Rockefeller Institute, N. Y. 
Plasmalogens were found to constitute 22% of normal human 
ted cell phospholipids in the form of ethanolamine (14%) and 
choline (8%) phosphoglycerides. Phospholipids were separated 
by low temperature silicic acid chromatography. It was found 
that the aldehydogenic units of plasmalogens form dimethyl- 
acetals (DMA) on treatment with HCl:methanol. DMA were sepa- 
tated from fatty acid methyl esters by their resistance to 
saponification. Individual DMA were then identified and 
quantified by gas-liquid chromatography. Partial identifi- 
cation of structure was made by chromatographic comparison of 
alcohols, following reduction of mixed DMA and of reference 
fatty acids with lithium aluminum hydride, Bromination and 
hydrogenation of mixed DMA indicated their chain length and 
the presence of unsaturated acetals (21%). 79% of plasmalogen 
aldehydes were saturated (octadecanal 40.0, hexadecanal 20.0, 
heptadecanal and pentadecanal - straight and branched forms - 
19,0), The majority (>95%) of unsaturated DMA was a mixture 
of octadecenals. Double bond position was determined by 
oxidative degradation with permanganate-periodate. In ad- 
dition to cis,a9 octadecenal, at least two other isomers were 
Present. Traces of 9,12-octadecadienal and 9-hexadecenal 
Were identified by comparison with reference alcohols. 





Immunology 


IN VITRO INCORPORATION OF AMINO ACIDS BY THE PHOSPHOLIPIDS OF 
THE EHRLICH ASCITFS CELLS. Thor Zajac# and WeLeGaby, Hahnemann 
Medical College and Hospital, Philadelphia, Pas 

Previous in vivo studies have indicated that the phospholip- 
ids of metabolizing Ehrlich ascites cells actively incorporat- 
ed amino acids. More recent in vitro studies have been carried 
out in order to determine the dynamic function of phospholipids 
in the uptake of amino acids. Following in vitro incubation of 
the Ehrlich ascites cells at 370C with Il. led glycine, 
leucine or alanine, the uptake and release of amino acids by 
the phospholipids of the cells as well as the distrtbution of 
radioactivity in the various cell fractions was determined. The 
results indicated that the amount of radioactivity present in 
the phospholipids and cellular components increased with time 
and that the radioactivity of the phospholipids of cells incu- 
bated with Cll-labeled amino acids and subsequently reincubated 
with unlabeled amino acids decreased, whereas the radioactivity 
of the amino acid pool and protein fraction of the cell contin- 
ued to increase. The phospholipid fraction was partially puri- 
fied by repeated acetone precipitations and chromatographed 
on silicic acid column and on silicic acid impregnated paper. 
The fractions were analyzed for their nitrogenous components, 
phosphorus as well as the distribution of radioactivity. The 
results obtained indicated that the specific radioactivity was 
constantly associated with the same phospholipid fraction. 
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LOCALIZATION OF PALMITATE-C-14 INCORPORATION INTO PHOSPHOLIPID 
FRACTIONS BY EXCISED RAT DIAPHRAGM IN VITRO. M. Colodzin*, 
E.M. Neptune, H. C. Sudduth* and D. A. Kemnitz* Naval Medical 
Research Institute, Bethesda, Maryland. 

Previous studies in this laboratory (Neptune et al., J. 
Lipid Research I, 229, 1960) reported on the incorporation 
of long chain fatty acid C-14 into the phospholipids of rat 
diaphragm. In recent experiments the phospholipid fraction 
has been partitioned on silicic acid after the incubation of 
excised rat diaphragm with C-14 labeled palmitate for various 
periods of time. The specific activities found for two cepha- 
lin fractions and a lecithin fraction, expressed relative to 
that of the lecithin fraction after a four hour incubation, 
are tabulated below. 


INCUBATION TIME 20 minutes 40 minutes 2 hours 4 hours 














Cephalin I 0.05 0.14 0.55 0.20 
Cephalin II 0.06 0.19 0.32 0.27 
Lecithin 0.14 0.30 0.61 1.00 





These findings lend support to the concept of a progressive 
incorporation of labile long chain fatty acid into phospho- 
lipid in diaphragm and indicate that both cephalin and leci- 
thin takes part in this process. 


Biochemistry 


INCORPORATION OF RADIOACTIVE PRECURSORS INTO THE LIPIDS OF 
RAT HEART AND LIVER HOMOGENATES. G. V. Marinetti, T. Smith* 
and M. Griffith*, Univ. Rochester Med. School, Rochester, N.Y. 
This work was aimed to study heart metabolism and to com- 
pare it to liver. Rat heart and liver homogenates were pre- 
pared in 0,25M sucrose and incubated with glycerol-1-C 4, DL- 
serine-3-C! and acetate-1-C14 at 37°C. The lipids were sepa- 
rated by column and paper chromatography. Glycerol incorpora- 
tion in heart and liver was 0.5% and 25% respectively. The 
S.A. (cpm/uM) of the liver lipids (1 hr. incub.) were as 
follows: diglycerides (G)-11,800, triglycerides (TG)-10,400, 
polyglycerophosphatides (PGP)-2760, lecithin (LEC)-2370, 
phosphatidylethanolamine (PE) + phosphatidylserine (PS)~1670. 
The S.A. (cpm/mg.) of the heart lipids @ hrs. incub.) were 
as follows: PGP-I-780, PGP-II-202, BG-190, TG-I-142, to TG-II- 
254, LEC-24. CTP stimulated glycerol incorporation only in 
heart. The liver TG were separated into fractions which had 
different S.A., hence demonstrating metabolic heterogeneity 
of these lipids. Serine was incorporated (0.3-1.0%) into the 
heart lipids. Over 80% of the counts occurred in PE + PS; 4% 
was found in LEC. PE had twice as many counts as PS. CTP did 
not stimulate serine incorporation. Acetate incorporation 
in both heart and liver was small (©.002-0.009%). In both 
tissues the S.A. of the neutral lipids was higher than that 
of the phosphatides, (Supported by a grant from the National 
Heart Institute). 











Biochemistry 


CHROMATOGRAPHY OF PHOSPHOLIPIDS IN FATTY LIVER. W. E. 
Cornatzer and Adolf Walser,* Dept. of Biochem., Univ. of 
N. Dak. School of Med., Grand Forks, N. Dak. 

Male Sprague-Dawley rats were maintained on 5% casein-5% 
fat diet for 1,5,7,9, and 21.5 weeks. Control animals were 
fed a 25% casein-5% fat diet at similar time intervals. At 
the end of the dietary regime, 345 uc of NeoHP-"0,, was inject- 
ed intraperitoneally and the animals were sacrificed 6 hours 
later. The liver was removed, rapidly weighed and divided 
into two fractions. On one fraction acid-soluble phosphorus 
was removed, radioactivity and P were determined. The lipid P 
was extracted and chromatographed on silicic acid paper and 
separated into lecithin, sphingomyelin, phosphatidyl ethanol- 
amine, phosphatidyl serine and phosphatidyl inositol by the 
method of Marinetti et al. There was a significant decrease 
in the total liver phospholipid at 1 week to 7 week intervals 
in the animals fed the low-pratein diet. Dietary protein in- 
take did not effect the % of total lipid phosphorus for the 
various phospholipid fractions. However, in the liver of the 
animals fed the 5% casein diet the ug of phospholipids/gm. 
liver decreased in all fractions except the inositol. There 
was very little difference in the total lipid relative speci- 
fic activity, however, a decrease occurred in individual frac- 
tions at 1 week and 5 weeks respectively for the animals fed 
the low-protein diets. (U.S. Atomic Energy AT(11-1)-479). 





Biochemistry 


ENZYMATIC HYDROLYSIS OF PLASMALOGiN. Kuber RK. wWarner* Dept. of 
Biological Chemistry, University of Michigan, Ann Arbor, Mich. 
Rat liver was found to contain an enzyme capable of cata- 
lyzing the cleavage of the substituted vinyl ether in plasmal- 
ogen to release free aldehyde. The highest enzymatic activity 

was found in the microsomal fraction, and it could be solu- 
bilized with sodium deoxycholate. Lysophosphatidal choline 
served as a substrate, but lysophosphatidal ethanolamine, 
phosphatidal choline, and phosphatidal ethanolamine were unre- 
active. in an incubation mixture containing only enzyme frac- 
tion, 8 pmoles of substrate, and 0.1 if phosphate buffer, 

pH 7+1, 23 poles of vinyl ether disappeared and an equiva- 
lent amount of chloroform soluble phosphate was converted to 
water soluble phosphate. At the present state of purity and 
under these incubation conditions, K, = 1.7 x 1073 ki and 

kz = 266 pmoles cleaved/hr.-mg. protein. This is the first 
demonstrated enzymatic reaction of the vinyl ether grouping 
and may be significant in the metabolism of plasmalogen. 


Biochemistry 


SELECTIVE ESTER FORMATION IN LECITHIN SYNTHESIS 
William E.M. Lands*. Dept. of Biological Chemistry, 
University of Michigan, Ann Arbor, Michigan 


The fatty acid composition of lecithin suggests that in 
its synthesis selective esterification of different fatty 
acids occurs at different positions in the molecule. The 
factors controlling the selectivity in vivo are not known, 
but an enzyme fraction from rat liver catalyzes acyl transfer 
from CoA thiol esters to lysolecithin, forming lecithin. 
Lysolecithins from a number of sources can act as acceptors, 
but lysoplasmalogen is inert. The crude enzyme can transfer 
the acyl group to either lysolecithin or water, but with 
oleyl CoA it produces 2-3 umoles of lecithin per umole of 
free acid whereas with stearyl Coa the ratio is reversed( 35) 
With 3x10~4 M solutions and 1.8 mg. microsomal protein per 
ml., oleyl CoA is approximately 5 times as effective as 
stearyl CoA, producing 1.8&10™" M lecithin in 30 min. 
Palmityl CoA is more reactive than stearyl CoA, but its ratio 
of transfer to lysolecithin and water is comparable. These 
data suggest that this transferring enzyme could selectively 
influence the in vivo metabolism of saturated and unsaturated 
fatty acids. 
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Biochemistry 
THE RELATIVE INCORPORATION OF PALMITATE-C'4 INTO TRI- 
GLYCERIDES AND PHOSPHOLIPIDS. 


Ralph M. Johnson, 
Lily Kerux*, and sas Inst. of Nutrition and 
Food Tech.» Ohio tate Univ. 
Earlier studies in vivo demonstrated that while acetate. 


C'4 was incorporated into fatty acids of glycerides and phop 
pholipids to a greater extent in mitotic phase regenerating 
liver than in normal, there was no difference between these 
tissues in the incorporation of glycerol-C'4, wl? the | 
investigation the in vitro incorporation of C'*=palmitat: 
triglycerides and phosphatides of normal and regenerating rat 
liver, and of mitochondria and microsomes plus cytoplasmic — 
supernatant, was studied. Incubation pericds of 5=60 ' 
were employed. Regenerating liver did not differ fron j 
liver in its ability to incorporate palmitate into either tr. 
glycerides or phosphatides. With mitochondria, it was incon 
porated fastest into the ethanolamine phosphatides, and toa 
far less extent into triglycerides and choline phosphaiides, 
With microsomes plus cytoplasmic supernatant the incorpors- 
tion was increased greatly over that obtained with mitochon 
dria, and in addition, the highest degree of incorporation 
occurred in the choline phosphatides. The results suggest 
either a preferential coupling of CDP-choline with diglycer 
4de in the latter, or alternate pathways of formation in th 
two preparations. (Supported by NIH Grant CY 4720) 


Biochemistry 
PHOSPHATIDE METABOLISM IN. DEVELOPING BRAIN. W. C. NcMurray* 
Department of Biochemistry, University of Western Ontario, 
London, Canada. 

The metabolism of phosphetides has been investigated in 
respiring brain dispersions from rats of different ages using 
the P32-labelled precursors, inorganic phosphate (PiJ2), a 
glycerophosphate (a-GP32) and phosphorylcholine (p32-ch), As 
ehgyn previously (McMurray et al. Biochem. J. 66, 634, 1957), 
Pi?* in the presence of CTP labels, in order of activity, 
inositol phosphatide, phosphatidic acid and lecithin, a~Gp32 
in the presence of CoA labels phosphatidic acid and inositol 
phosphatide, and P32-Ch in the presence of CTP labels lecithin 
exclusively. This pattern did not alter significantly with 
age, With all three labelled precursors the specific 
ectivity of the lipid-P was highest at birth and decreased to 
the adult level in the first 30 days. With both Pi32 and 
p32_ch the net incorporation into lipid-P (c.p.m./100 mg, 
tissue) was low at birth and increased to approximately the 
adult level by 30 days. With a-GP32 the net incorporation 
was maximal between 10 and 20 days. This coincides with the 
period of greatest myelin deposition, Significant P32-Ch 
incorporation into sphingomyelin during this period could not 
be demonstrated in the presence or absence of various ceramide 
preparations under the conditions of these experiments. 
(Supported by a grint from the Junior Red Cross of Ontario.) 
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FURTHER STUDIES ON THE FORMATION OF PHOSPHATIDYL ETHANOLAMINE 
IN LIVER PREPARATIONS, Camillo Artom, Dept. of Biochemistry, 
Bowaan Gray School of Medicine, Winston-Salem, N. C. 

A comparative study of the incorporation of labeled 
ethanolamine (EA) and labeled phosphorylethanolamine (PEA) 
into the phospholipids of rat liver preparations suggests the 
presence of two different enzyme systems. One of these 
synthesizes phosphatidyl-EA from either EA or PEA, presum- 
ably by the pathway described by Kennedy and Weiss (J.Biol. 
Chem., 222,193,1956). It is stimulated by Mgt and cytidine 
phosphates, and inhibited by Cat’, For maximal activity, 
both mitochondria and their supernate are required. The 
second enzymatic system, predominantly located in the micro- 
somes, incorporates free EA into phospholipids by a pathway 
not involving PEA or cytidine diphosphate-EA. The process 
requires both Ca++ and ATP. It is relatively unaffected by 
Mg or cytidine derivatives and is inhibited by Mn‘*, It 
is also inhibited (in decreasing order) by L-serine, methyl- 
EA, D-serine, dimethyl-EA and choline. This Ca‘'-activated 
enzyme is probably similar to, but not identical with, that 
catalyzing an "enzymatic exchange" between free choline and 
lecithin. (Dils and Huebscher, personal communication) 
(Aided by NIH Grant A-756 and by AEC Contract AT-40-1-1638) 
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Biochemistry 


TOSYNTHESIS OF CHOLINE IN RAT LIVER HOMOGENATES, Ibert C. 
nile and Charles N. Remy. Biochem. Dept. State Univ. of N.¥. 
Bd. Coll. and 2 dospe, Syracuse, New York. 

It was observed that, in contrast to_standard liver homogen 
ates, the incorporation of methionine-C/H3 into choline was 
very efficient in Bucher homogenates (J. Am, Cheme Soces 755 
496 (1953))» optimally, approaching that observed in vivo. 
Optimal activity required ATP, DPN, Mg**, sucrose and pH 7.43 
vitamin C or GSH was beneficial,especially when cell fractions 
ere used. Livers from 0-50 g rats gave the best results. In 
corporation was stimlated by dimethylaminoethanol, monomethyl 
aminoethanol and aminoethanole It was inhibited by 2=methyl-2 
-aninopropanol-1 (MAP), anaerobiosis, Ca**, CDP-choline, CTP, 
dinitrophenol, NaCN, succinate, choline phosphate and S-adeno= 
sylmethionine, but not by ethionine. Maxim activity was 
given by 105,000 x g supernatant * mitochondria. The incorpor 
ation of dimethylaminoethanol=1,2-C+4 required S-adenosylmethio 
nine, in the absence of supernatant, and was greater in micro~ 
sones than in mitochondria. The incorporation of betaine-C1LH 
into choline was found, unexpectedly, not to be diluted by L= 


mthionine. In vivo, the incorporation of betaine-C 2 was 
mt 4 inhibited by WP whereas the incorporation of L=msthionine 
L£ wWase 


Thus the possibility exists that methionine ify 
not be an intermediate in the incorporation of betaine-—C H3 
into choline. (Supported by a grant from USPH (A-3192 MET).) 


Biochemistry 


PHOSPHOLIPID PATTERNS DURING EMBRYONIC DEVELOPMENT IN THE 
CHICK, Allan L. Bieber , Vernon H, Cheldelin and Robert W, 
Newburgh. Science Research Institute, Oregon State College, 
Corvallis, Oregon. 

Lipids were extracted from unincubated egg yolks and from 
whole chick embryos after incubation for different periods of 
time, The lipid extracts were chromatographed on silicic 
acid columns to separate the various components, chloroform 
being used to elute the neutral lipids. This was followed by 
increasing concentrations of methanol in chloroform to sep- 
arate the phospholipids. Qualitative identification of the 
components of the separated phospholipid fractions was done 
by hydrolysis and paper chromatography. It was found that 
the phospholipid profiles underwent considerable change dur- 
ing development of the embryo, including for example, a de- 
crease in the choline containing fraction, accompanied by an 
increase in ethanolamine phospholipids. Quantitative data on 
nitrogen, phosphorus, and ester content of the various 
phospholipid fractions will be reported, together with a com- 
parison of the amount of individual phospholipids from the 
yolk and from the embryos studied. 


Biochemistry 


STUDIES WITH CDP-DIGLYCERIDE. Bernard wW. Agranoff and 
= M. Bradley.* Natl. Insts. of Health, Bethesda, and Mental 
fealth Research Inst., Univ. Michigan, Ann Arbor. 

It was previously suggested that a liponucleotide, CDP- 
diglyceride, was an intermediate in the biosynthesis of 
phosphatidyl inositol (PI) (Fed. Proc. 17, 179, 1958). Paulus 
and Kennedy have since shown that CDP-diglyceride stimulates 
ut synthesis of PI in chicken liver preparations. An 
improved chemical synthesis of CDP-dipalmitin (25-35% yield) 
tas been developed. Equimolar amounts of CMP-morpholidate and 
dipalmitoylglycerophosphoric acid are mixed dry and heated to 

in vacuo for 4 hours. Incubation of the purified product 
with guinea pig kidney particles indicated the release of one 
equivalent of CMP per inositol-H3 incorporated into lipid. 

The same ratio was found in experiments with guinea pig brain 
uecrosomal fraction. CTP stimulated inositol incorporation 
into lipid better than did CDP-dipalmitin. However, treatment 
of the microsomes with Cutscum yielded a supernatant which did 
tt incorporate inositol into lipid in the presence of CTP 
while CDP-dipalmitin remained effective. The product was 

thon to be PI by saponification of the lipid followed by 

Paper electrophoresis of the hydrolysate. 
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THE DISTRIBUTION OF RADIOACTIVITY IN THE “PHOSPHOLIPID” 
FRACTION OF NORMAL AND TUMOR-BEARING MICE TREATED WITH 
PUTRESCINE-C!4, G.J. Goldenberg*, B.L. Loudas*, R.J. Salmon *, 
and S. Schwartz. Univ. of Minn. Med. School, Minneapolis. 

Kosaki (Science:127,1176,1958) has described a new phos 
pholipid, "malignolipin” in malignant tumors and in the blood 
of tumor-bearing subjects. This phospholipid was reported to 
be unique in containing the polyamine, spermine. As part of 
an investigation of this material, normal mice and mice with 
spontaneous or transplanted mammary carcinoma were injected 
intraperitoneally with putrescine-1,4-cl4, Tissues were 
homogenized, refluxed with ethanol and the chloroform ex- 
tracts purified by silicic acid colum chromatography, The 
column was developed with increasing amounts of methanol in 
chloroform. Nine major zones of radioactivity were found in 
the eluates from each of 10 groups of tissue studied. Each 
zone was then purified further by paper chromatography and 
analyzed by radioactivity scanning and radioautography. No 
consistent "all or none” differences between tumor and non- 
tumor tissues were found though appreciable quantitative 
differences were found in corresponding fractions from diff- 
erent sources. Chemical analyses of the purified fractions 
are being carried out to determine the nature of the cl4. 
containing materials in these fractions. (Supported by 
American Cancer Soc. and U.S.P.H.S.) 
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EFFECT OF INHIBITORS OF CHOLESTEROL BIOSYNTHESIS ON THE GROWTH 
OF TETRAHYMENA, W. J, Johnson* and R, Jasmin*, Research 
Iaboratories, Frank W. Horner Ltd., Montreal, Quebec, 

Previous studies (Proc, Can, Fed. Soc. 2, 32, 1959) have 
shown that diphenylylethylacetic acid (DEA), an inhibitor of 
cholesterol biosynthesis, inhibits the growth of Tetrahymena, 
and that the inhibition is reversed by squalene and various 
sterols, These studies suggested that ability to inhibit 
Tetrahymena growth could be utilized as a screening device for 
potential inhibitors of cholesterol synthesis, To ascertain 
reliability of the method, various know inhibitors of chole- 
sterol synthesis were tested as growth inhibitors, These com 
pounds, in descending order of effectiveness, included: 

3,3' ,5=triiodothyropropionic acid; MER-29; 3,3',5=triiodo~ 
thyroacetic acid; SKF-525A; DEA; 3,7,11-trimethyldode- 
canoate; vanadyl sulfate; 17 « -hydroxy-3-oxo-4-androstene- 
174 ~carboxylic acid; 2'=testololactone; 3-fluoromevalonic 
acids and nicotinic acid. Synergistic inhibitory effects on 
Tetrahymena growth were obtained when DEA was present in com 
bination with vanadyl sulfate, and with MER-29, indicating 
different sites of action. The ability of squalene and 
sterols to reverse growth inhibition was variable, depending 
on concentration of inhibitor and locus of action; in some 
cases reversal did not occur, Results indicate that the 
method is useful, 


Biochemistry 


THE EFFECTS OF VARYING THE CHEMICAL COMPOSITION OF THE STA- 
TIONARY PHASE ON THE SEPARATION OF CERTAIN C19, C21, and C27 
STEROIDS BY GAS CHROMATOGRAPHY. S.R. Li and R.A. Landowne* 
Dept. of Medicine, Yale University, New Haven, Connecticut. 

GLC analyses of complex mixtures of steroids wer2 performed 
using 17 new liquid phases. Polar phases included sebacate, 
adipate, and succinate polyesters of neopentyl glycol, of pen- 
tane-1,5-diol, butane-1,4-diol, and 2-ethyl-hexane-1,3-diol; 
polyalkylene glycols, and the polyphenyl ethers. Non-polar ma- 
terials were polyethylene, the polybutenes, and certain sili- 
cone oils. Tailing phenomenon noted with the second group was 
avoided by mixing 9 parts of the non-polar phase with one 
part of polar liquid. most versatile and efficient colums 
(700 plates/ft.) were ’neopentyl sebacate, 3% pentanediol adi- 
pate or 6% neopentyl adipate (terminated) on 80-100 mesh s.n- 
port operated at 215-230°C. Rapid separations were also 
achieved with 40-200 ft. .Ol in. i.d. 30% Cu-Ni cap caL- 

. Key separations were a) saturated components and A, /.+, 

41,4 and 45 analogues, b) diones from olones, c) afrom B Cig 
hydroxyl compounds and 4) 54 from 5P Cig and C21 derivatives. 
Acetates were also used to improve the resolution of closely 
related compounds. Polarity of the phase was correlated to 
differences in separation factors noted for these substances. 
A few steroids were observed to decompose to varying degrees 
using this technique. 





Biochemistry 


NONSPECIFIC CARCINOGENESIS RELATED TO SMOOTH SURFACES. 
Fritz Bischoff and George Bryson.* Santa Barbara Cottage 
Hosp. Research Inst., Santa sarbara, Calif. 

Cholesterol injected subcutaneously into rodents as a pow- 
der in aqueous isotonic suspension or as an undersaturated 
solution in vegetable oils has been reported to be noncarcino- 
genic by a number of investigators including ourselves. A 
study in this laboratory of the experimental conditions under 
which cholesterol has been reported to be mildly carcinogenic, 
indicates that it was injected as a supersaturated solution 
in an oily vehicle, which subsequently deposited cholesterol 
crystals in situ and which led to granuloma formation around 
the crystals. The smooth surface of the cholesterol crystals 
may be akin to the smooth surfaces of certain plastic films 
and certain metal foils which apparently are carcinogenic by 
virtue of the surface when implanted subcutaneously in rod- 
ents. Substances as widely divergent chemically as cholest- 
erol, certain plastics, and certain metals appear to have a 
common denominator as far as smooth surface carcinogenesis 
is concerned. In testing for the carcinogenicity of a sub- 
stance, the resulting physical state at the injection site 
should be considered, particularly since a normal body con- 
stituent like cholesterol can be made to produce cancer. 
(Supported by grants C-1586 and C-3058, National Cancer 
Institute, PHS.) 


Nutrition 


SERUM CHOLESTEROL AND THYROID ACTIVITY AS AFFECTED BY HIGH 
ENVIRONMENTAL TEMPERATURE. Ethel M. son and Mary Ann 
Kight*. Div. of Food and Nutr., School of Home Econ., Univ. 
of Arizona, Tucson. 

Twelve healthy postmen, 25 to 41 years of age, were sub- 
jects from May 1959 to Aug. 1960, incl. Monthly mean maximum 
temperatures were 89 to 1 » May to Aug. and 59 and 61°F. 
Jan. and Feb.; relative hymidity, 18 to 37% and 35 to 40%, 
resp. Basal metabolism/m~/hr averaged 35.9 cal. for the 
group in summer and 38.9 cal. in winter; deviations from Mayo 
Foundation Standards, +1.4% in summer, +7.9% in winter; 7 
cases decreased, 1 increased, and 2 showed no change. Monthly 
protein-bound iodine decreased in summer and increased in 
winter in all subjects, all being below 6.4 mcgm% from July 
to Oct., incl., and all above 6.2 mcgmZ in Jan. and Feb. 
Weekly fasting serum total cholesterol showed no correlation 
with season. Individual cholesterol means for 8 subjects 
were 236 to 286 mg%, C.V., 9 to 13%; two, 215 and 221 mgi, 
C.V., 12 and 13%; 179 and 180 mg%; C.V., 8 and 9%. On the 
basis of summer dietary surveys, total calories averaged 87% 
of the recommended allowance corrected for climatic effect; 
protein, 14%; fat, 39%; saturated fatty acids, 42%; daily 
cholesterol, 497 (304-764) mgZ. 
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FATE OF CHOLESTEROL MOIETY OF CHYLOMICRONS IN THE RAT. W. J. 
Lossow*, Nathan Brot* and I. L. Chaikoff. Dept. of Physiology, 


Univ. of California, Berkeley. 
Cholesterol-27-Cl4-1abeled chylomicrons (75% of the Cl4 in 
the ester form, 25% in the free form) were injected into rats, 
and the free and esterified cholesterol-C** contents 10 
tissues were determined at several time intervals. C++ was 
found in the lipid fractions of all tissues at 10 minutes; the 
liver contained about 50% of the injected Cl+. At this time 
anterval the proportion of the sterol-C+* present in the free 
form in 5 tissues, not including the liver, rose to 50%. At 
2 and 2% hours about 80 and 90% of the sterol-Cl+ was in the 
free form in all tissues except the enal gland. In this 
gland more than 60% of the sterol- was in the free form at 
2 hours, but thereafter the process was sed, so that 
after 16 hours about 90% of the sterol-Cl* was in the esteri- 
fied form. It is concluded that chylomicron cholesterol 
esters are rapidly hydrolyzed as they appear in the tissues 
and that this process probably occurs in extra-hepatic as well 
as hepatic tissue. To account for the unique findings in the 
adrenal: it is suggested that this tissue stores specific 
sterol esters and that esters taken up from the circulation 
are hydrolyzed before the characteristic adrenal esters are 
resynthesized. (Supported by a grant from USPHS.) 





Biochemistry 
ENZYMATIC REDUCTION OF THE A’ BOND OF 7-DEHYDROCHOLESTEROL, 
A. A. Kandutsch .« Roscoe B. Jackson Mem. Lab., Bar Harbor 
Conversion of labeled 7-dehydrocholesterol to cho lestelli 
by cell-free liver homogenates has been reported. In further 
studies of this system, use has been made of an assay method 
in which the reduction of 7-dehydrocholesterol is followed by 
measuring the accompanying decrease in light absorption at 
281.5 mus Mouse liver homogenates prepared in tris buffer, 
pH 7.2, supplemented with nicotinamide, reduced 7-dehydrocho. 
lesterol under anaerobic conditions as well as in air. Both 
a microsomal and soluble fraction were required for activity 
and the necessary factors in each fraction were heat labile, 
Dialyzed preparations were inactive, but activity was fully 
restored with the addition of TPNH. DPNH had little or no 
effect. Reduction of 7-dehydrocholesterol was inhibited by 
hydrazine (.012 M) and by high concentrations of substrate, 
Activity was not altered by a number of heavy metals tested 
nor by versene, p-chloromercuribenzoate or cholesterol. It 
is concluded that the reduction of 7-dehydrocholesterol in 
liver is accomplished by a TPNH-linked enzyme system, probab- 
ly involving at least two distinct enzymes. (Supported by 


grants C-2758 and C-1329 from the National Cancer Institute, 
National Institutes of Health, Public Health Service.) 


Biochemistry 


OXIDATIVE CLEAVAGE OF THE SIDE CHAINS OF 
VARIOUS SIMPLE C57-STEROIDS BY RAT LIVER MITO- 
CHONDRIA. Edmund Stevenson* and Ezra Staple. Biochem, 
Dept., Univ. of Penna., Med. School, Phila., Penna. 

The enzymatic conversion of the terminal methyl groupls 
of 26-C!4-cholesterol to C! Oz has been studied in our lab- 
oratories and also by other workers. In an attempt to throw 
some light on the details, of the reactions, various other 
mono-oxygenated 26-C “-steroids were subjected to attack 
by the enzyme system (fortified washed rat liver mitochon- 
dria) both in the presence and absence of unlabeled choles- 
terol, The oxidation of C14-cholesterol was also studied in 
the presence and absence of a ''pool'' of the unlabeled ster- 
oids, The rates of c}4o, production revealed that the in- 
creasing order of attack on the steroids is: 3f-ol; 3a-ol; 
3-ketone for both the coprostane and cholestane series; in 
addition, the members of the coprostane series were oxi- 
dized faster than the corresponding members of the choles- 
tane series. Of the eight steroids tested, A *-cholesten-3- 
one was the most readily oxidized to C” O02. The enzyme 
system can also convert cholesterol to an unsaturated 3-keto 
steroid that is neither A*-nor A°-cholestenone, but which, 
upon catalytic hydrogenation, yields cholestan-3f-ol, 
(Supported by a grant from USPHS.) 


Biochemistry 


UTILIZATION OF ADRENAL GLAND CHOLESTEROL FOR THE SYNTHESIS OF 
CORTISOL BY THE NORMAL AND ACTH-TREATED GUINEA PIG. H. Werbin 
and I. L. Chaikoff. Physiology, Univ. of California, Berkeley 

Guinea pigs were fed a diet containing cholesterol-4-cl4 
for several weeks to establish isotopic equilibrium with re- 
spect to labeled cholesterol in tissues and labeled cortisol 
in urine. By the end of the fifth week, when isotopic equi- 
librium was established, free and esterified sterols of the 
adrenal had the same specific activity. It was assumed that 
all the cholesterol pools in the adrenal were equally labeled. 
The specific activity of adrenal cholesterol was about 43 
lower than that of the blood cholesterol, indicating that 4% 
of adrenal gland cholesterol was formed in situ. The close 
agreement between the specific activities of cortisol and ad- 
renal gland cholesterol indicates that the latter may be the 
exclusive precursor of the former. ACTH treatments that in- 
creased the daily excretion of cortisol in the urine threefold 
failed to alter the values for a) the ratio of the specific — 
activity of adrenal cholesterol to that of blood cholesterol 
and b) the ratio of the specific activity of urinary cortisol 
to that of adrenal cholesterol. These findings are consistest 
with the view that ACTH administration does not induce a new 
pathway of synthesis of urinary cortisol but speeds up an 
existing pathway from adrenal gland cholesterol. (Supported 
by a grant from USPHS.) 
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Biochemistry 


LISM OF CHOLANIC-24-14c ACID. Lester W. Wells*, P. D. 
and S. A. Thayer. Dept. of Biochemistry, St. Louis Univ. 
$ch. of Med., St. Louis, Mo. ; 

A previous paper from this laboratory reported that cho- 
janic~24-14¢ acid is rapidly metabolized to chenodeoxycholic, 
ge and P-muricholic acids in rats with bile fistulas (Fed. 
proc. 19, 238, 1960). This study has been continued in the 
rat and extended to the guinea pig. 20 mg (4.19 x 106 d/m) of 
cholanic acid as its sodium salt was administered intraperi- 
toneally to a guinea pig with a bile fistula. Of the adminis- 
tered he approximately 68% was recovered in the bile before 
death at 50 hours, The bile was hydrolyzed and the free bile 
acids chromatographed on an aqueous acetic acid partition 
column. Of the chromatographed 14c, 49% appeared in the cho- 
lanic and monohydroxy acid fractions and 20% appeared in the 
dihydroxy acid fractions; no 14c was detected in more hydro- 
philic fractions. Investigation of the dihydroxy acid 
fractions gave evidence that most of the 14c in these frac- 
tions was chenodeoxycholic acid. Further separation of the 
cholanic acid fractions from both the guinea pig and the rat 
showed that less than 5% of the cholanic acid was recovered 
unchanged. In the monohydroxy acid fractions, no radioactive 
lithocholic acid could be detected. In both species the data 
indicate the presence of 7a -hydroxycholanic acid. 


Biochemistry 


METABOLISM OF CHENODEOXYCHOLIC-24-14c ACID IN THE CHICKEN. 
James W. Ahlberg*, Vincent A. Ziboh*, Robert C. Sonders*, and 
$, L, Hsia. Dept. of Biochemistry, St. Louis Univ. Sch. of 
Med., St. Louis, Mo. 

Previously we have reported the identification of 
mricholic acids (3a,6/,7a- and 3a, 68,76-triols) as the main 
metabolites of chenodeoxycholic acid in the rat. In surgi- 
cally jaundiced mice this acid was converted to a- and f- 
mricholic acid and ursodeoxycholic acid (3a,7B-diol) (Ziboh 
et al., Fed. Proc. 19, 238, 1960). In the present studies 
1.2 pc of sodium chenodeoxycholate-24-14c was administered 
by crop feeding to chickens with bile fistulas. 96-100% of 
the was recovered in the bile after 48 hours. After 
alkaline hydrolysis the free acids were chromatographed on 
acetic acid partition columns, In two experiments 93-96% of 
the chromatographed activity appeared in the dihydroxycholanic 
acid fractions and 2-3% appeared in the trihydroxycholanic 
acid fractions. From the former, radioactive chenodeoxycholic 
acid was isolated. In addition, radioactive cholic acid was 
isolated from the trihydroxycholanic acid fractions showing 
that it is a metabolite of chenodeoxycholic acid in the 
chicken. 


Biochemistry 


METABOLISM OF CORTISOL BY SUBCELLULAR FRAC- 
TIONS OF THE RAT LIVER. Frank DeVenuto* and Ulrich 
Westphal. Biochemistry Division, US Army Medical 
Research Laboratory, Fort Knox, Ky. 

Mitochondria, nuclei, microsomes and supernatant, ob- 
tained from liver homogenates by differential centrifugation, 
were incubated with cortisol-4-C!* in the absence and pre- 
sence of a TPNH- regenerating system, After three hours at 
37°C, the incubation mixture was extracted with ethyl ace- 
tateand the metabolites were isolated by paper chroma- 
tography and identified. Without addition of TPNH, the 
metabolism of cortisol was greater with the microsomal 
than with the mitochondrial fraction; nuclei and supernatant 
did not metabolize cortisol. With addition of a TPNH- 
Ttegenerating system, all four fractions metabolized cortisol, 
and the metabolism of the A-ring and of the side chain was 
increased. Unmetabolized cortisol and the following metabo- 
lites were isolated from the incubation mixtures: cortisone, 
Reichstein's Compound E, f-cortol, urocortisol, adreno- 
sterone and A*-androstene-1 1f-ol-3, 17-dione. 
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Biochemistry 


FURTHER STUDIES ON EFFECT OF DIETARY FAT ON OXIDATION OF 
CHOLESTEROL BY RAT LIVER MITOCHONDRIA. D. Kritchevsky. M. C. 
Cottrell,* M. W. Whitehouse* and E. Staple. Wistar Inst. and 
Dept. Biochem., School of Med., Univ. Pennsylvania, Phila., 4, 
Pa. 








Earlier work has shown that mitochondrial preparations “ 
livers of rats fed shortening oxidized more cholestero1-26-c1t 
to cl O5 than did mitochondrial preparations from rats fed 
corn oil. All fats were fed at a 20% level. Further experi- 
ments with a wider spectrum of fats show that when the methyl 
esters of various fatty acids (butyrate, stearate, oleate, 
linoleate) were fed there were no differences in average rates 
of oxidation. Average oxidation when coconut, olive or saf- 
flower oil was fed was 2.5%, 9.5% and 2.5%, respectively. 

When cottonseed oil hydrogenated to 5 different levels (I 
value 30-130) was fed, greatest average oxidation was observed 
with mitochondrial preparations from rats fed fat of Ip value 
90. When fatty acids were added (1 mg) to normal mitochon- 
drial preparations percent oxidation observed was: control 
7.1%; oleic 0.6%; stearic 2.6%; linoleic 0.8%. Methyl esters 
of these acids were not as inhibitory and triolein or tri- 
linolein did not affect cholesterol oxidation. (Grant H-3299, 
Nat'l Insts. of Health.) 


Biochemistry 


METABOLISM OF STEROIDS BY MOUSE TESTICULAR EM- 
BRYONAL CARCINOMA: Melvin J. Bryson, * and Max L. 
Sweat, Dept. Obst. and Gyn., University of Utah, Salt Lake 
City, Utah. 

Testicular embryonal carcinoma (mouse) and normal 
mouse testicular tissue were incubated for 3 hours at 37° in 
phosphate buffer (pH 7. 35) containing 4-Cl4steroids. Steroid 
products were extracted with lipid solvents and chromatogra- 
phed in the formamide systems of Zaffaroni. Radioactive 
areas on the chromatograms were located with a strip feed 
counter. The steroids were identified on the basis of their 
chromatographic behavior in free, acetylated and oxidized 
states. The tumor tissue does not possess the same enzymic 
capacity as normaltesticular tissue, as it lacks the mechan- 
isms to hydroxylate the 17-carbon of progesterone and to aro- 
matize ring A of androstenedione. C-4,5 reduction is comm- 
on to both tissues. Normal tissue forms primarily the 208 - 
hydroxy epimer of progesterone while the tumor tissue forms 
the 20%-hydroxy epimer. Since 17-hydroxylation does not oc- 
cur in the tumor tissue, the products of progesterone metabol- 
ism are limited to those with reduction at C-4,5 and 20, and 


hydroxylation at C-6. (Supported by peeve A1803 & RG4720, 
Inst. of Arth. & Metab. Dis. & Div. of Genl. Med. Sci. USPHS). 


Biochemistry 


DETERMINATION OF BILE ACID EXCRETION IN MAN, 
R. S. Rosenfeld,Sloan Kettering Institute for 
Cancer Research, New York. 

A method for measuring the excretion oi bile acids 
in man has been developed which depends on:1. deter- 
mination of the quantity of radioactivity excreted 
in the acid fraction of gtool after the administra- 
tion of cholestero1-4-c! ; 2. the determination of 
the specific activity of plasma cholesterol during 
this time interval. For such procedure to be valid, 
it is necessary that radioactive cholesterol be in 
equilibrium with circulating sterol and that the 
specific activity of bile acids in the stool be 
equivalent to that of plasma cholesterol. It has 
been found that after four days following the intra- 
venous injection of cholesterol-4-C**, where circu- 
lating sterol and administered material are in- 
distinguishable, deoxycholic acid and lithocholic 
acid isolated from the stool have the same specific 
activity as plasma cholesterol. Thus: 
mg.of bile acid excreted=DPM excreted in stool acids 

DPM/mg of bile ac Or plasma cholestero 
Using the isotope method,it was found that a typical 
subject excreted an average of 0.280 g (0.171-0.390) 
of bile acids per day over a 10 day period. 











Biochemistry 


Catabolism of 3a, 7a, 12a-Trihydroxycoprostane (THC) by Rat 


Liver Mitochondria. Helga M, Suld*, Ezra Staple and 
Samuel Gurin. School of Med. Univ. of Penna., Phila., Pa. 
Rat liver mitochondria, supplemented with 100 000 x g 


supernatant, ATP, DPN, GSH, MgCl, nicotinamide and cit- 
rate, oxidize 26(27)-C14-THC to 3a, 7a, 12a, 27-tetrahydroxy- 


coprostane and 3a, 7a, 12a-trihydroxycoprostanic acid, In 
the absence of DPN the main product was the tetrahydroxy- 
coprostane, 


and mixed melting points, with authentic samples of the tri- 
hydroxycoprostanic acid isolated from alligator bile and, 
tetrahydroxycoprostane obtained by reduction of the acid 
with LiAlH4, The enzyme system also cleaves the side 
chain to propionate. Addition of carrier sodium propionate 
to the incubation mixture resulted in the incorporation of 


15-20% of the isotope into propionic acid, which was isolated 


by chromatography on Celite and silicic acid columns. 
S-benzyl thiuronium salt and p-toluidide were prepared and 
recrystallized to constant specific activity. Results suggest 
that cholyl CoA and propionyl CoA are produced by thiolytic 


cleavage of 24-keto-trihydroxycoprostanyl CoA. (Supported 
by a grant from the United States Public Service). 

Nutrition 
EFFECT OF PROTEIN INTAKE ON SERUM CHOLESTEROL. Hazel Metz 


Fox*, Hellen Linkswiler, and Peggy Crooke Fry*, Department of 
Home Economics, University of Nebraska, Lincoln, Nebraska, 





Eleven men, 50 years or older, received a basal diet low in 
nitrogen in which 27% of the calories were from sugars and 0% 


were from fats similar to those consumed in the USA, 
fat contained 10% linoleic acid, 
six of the men received a mixture of casein and lactalbumin 
(Proportioned as in milk) which provided 5 gm of nitrogen 


Dietary 


during the first 25 days and 10 gm of nitrogen during the sub- 


sequent 25 days, The other five men received the same basal 
diet supplemented with gluten to provide 5 and 10 gm nitrogen 
in comparable experimental periods. Serum cholesterol levels 


were determined before the experiment was begun and at the end 


of each 25-day period, The concentration of cholesterol in 


serum decreased from the pre-experimental level in five of the 


six men fed 5 gm nitrogen from casein and lactalbumin and in 
all men fed 5 gm nitrogen from gluten. Increasing the nitro- 
gen content of the protein supplement to 10 gm resulted in an 
increase in serum cholesterol concentration for four men fed 
the casein-lactalbumin mixture but in a further decrease in 
cholesterol for three men fed gluten, These changes will be 
discussed in relation to nitrogen and mineral retention and 
fecal fat excretion, (Supported in part by a USDA contract 
sponsored by the Human Nutrition Research Division, 
Agricultural Research Service.) 


Nutrition 


THE EFFECT OF DIETARY CHOLESTEROL ON ADRENAL CHOLESTEROL 
STORAGE IN THE RAT. Doris D. Taylor,* Human Nutrition 
Research Division, USDA, Washington, D. C. 


As part of a long term investigation in this laboratory to 


determine changes due to diet throughout the life of the rat, 
cholesterol has been determined in adrenals as well as in 
other tissues. Male weanling rats were fed an essentially 


cholesterol-free basal semi-purified diet, the same diet with 


cholesterol added as such, and one in which 25% of the semi- 
purified diet was replaced by dried egg. Following an over- 
night fast rats were sacrificed at 100-day intervals while 
still maintaining body weight. The addition of cholesterol, 
as such or as egg, increased adrenal cholesterol. On all 


three diets adrenal cholesterol increased with age, but diets 
containing cholesterol produced higher adrenal cholesterol at 


all ages than did the basal diet. The cholesterol concen- 
tration of the adrenal appeared to bear no relation to size 
of gland, although there was a tendency for cholesterol 
content to increase with adrenal weight. A concurrent 
increase in adrenal and serum cholesterol was observed in 
rats fed the basal diet, but not in rats receiving the 
cholesterol-containing diets. Although dietary cholesterol 
produced increases in adrenal and liver cholesterol, there 
was no correlation between the extents of these changes in 
the two tissues. 


Both products were isolated by extensive column 
and paper chromatography, characterized by infrared spectra 


In addition to the basal diet 





THE OXIDATIVE DENATURATION OF SERUM LOW DENSITY LIPOPROTE 
Toshiro Nishida and Fred A. Kummerow, Univ. of I1l., Urbana, 
We have previously shown that the low density lipoproteiny 
isolated from human or chick serum can be denatured in y 
by exposure to the hydroperoxide of methyl linoleate. Further. 
more, the hydroperoxide of methyl linoleate selectively or 
preferentially denatured B-lipoproteins and not other serun 
lipoproteins or protein constituents. However, the formation 
of lipohydroperoxides in low density lipoproteins and the gy. 
sequent denaturation of the lipoproteins may be influenced 
dietary constituents. In the present study the stability (or 
lability) of low density lipoproteins of Sf 0-20 class obtaing 
from sera of chicks fed different fats was compared by meang 
of ultracentrifugal, spectrophotometric and chemical analyses, 
The results indicated that dietary unsaturated fat caused the 





tive degradation catalyzed by hematin compounds and a pro- 
gressive decrease in both flotation rate and concentration of 
lipoproteins was noted. On the other hand, the lipoproteing 
obtained from sera of chicks fed hydrogenated fat was rather 
stable and only a slight decrease in flotation rate was 
observed. The present study suggests that the stability (or 
lability)of serum low density lipoproteins as affected by 
dietary constituents may represent a contributing factor to 
the deposition of lipids in the arterial wall. 


low density lipoproteins to become less stable towards oxida | 


Nutrition 








AN APPARENT DIFFERENCE IN THE METABOLISM OF TRITIUM LABELED 
METHYL OLEATE IN CHICKS FED CORN OR COCONUT OIL. K. S. Tennyt 
and F. A. Kummerow. Univ. of Illinois, Urbana, I1l. 

The influence of "soft" and "hard" fats on lipid meta- 
bolism may be significant to the manner in which unsaturated 
fatty acids and possibly other lipids are metabolized. In 
the present study the amount of tritium-labeled methyl 
oleate converted to stearic acid was determined in 4-week- 
old chicks kept on a diet which contained either 18% corn 
or coconut oil. The tritium labeled oleic acid was prepared 
by reduction of stearolic acid; oxidative degradation indi- 
cated the tritium to be primarily at the 9,10 position. The 
tritium labeled methyl oleate was fed via stomach tube. The 
chicks were sacrificed 3 hours later, the livers saponified 
in alcoholic potassium hydroxide solution, the non- 
saponifiable removed by ether extraction, and the free 
fatty acids isolated and methylated. Gas chromatography 
of simultaneous samples collected at 30 sec. intervals 
revealed greater activity in the stearic acid of liver fat 
from chicks fed corn oil than from those fed coconut oil. 
Furthermore, the non-saponifiable fraction contained sterol 
precursors not present in those fed coconut oil. 


Nutrition 
INHIBITION OF -HYDROXYSTEROID DEHYDROGENASE BY STEROIDS. 
* and Arnold. Sterling-Winthrop 


Richard A. 
Research Institute, Rensselaer, New York. 


The enzyme f-hydroxysteroid dehydrogenase occurs in all 
endocrine glands which produce steroid hormones, Conversely, 
tissues which do not synthesize steroids, do not possess this 
enzyme (Samuels, et al, Science 113: 490, 1951). The rate of 
reaction with this enzyme prepared from Pseudomonas accord 
ing to the procedure of Marcus and Talalay (J. Biol, Chea, 
218: 661, 1956) was first order using androstenedione ani 
reduced NAD (DPNH) as substrate and cofactor, respectively, 
Of 65 steroids tested, four were further characterized. 
17Q-Methyltestosterone inhibited 50% (I) at 3x 105% 
Estradiol-176 exhibited non-competitive 2 ahibition (Tg9 * 
1x 1075 », 2 2x1075 4), 4,4-Dimethyl-17f -hydroxya- 
drost-5-eno0(3,2-c)pyrazole was a competitive inhibitor (Igq* 
8 x 10°? y, K, = 5 x 10-7 My). 2-Hyd thylene-1 
androstane-176-ol-3-one (Ign = 9x 1077 4, K, = 9 x 10-79 
was an inhibitor of a mixed type. The concentration of tht 
substrate, androstenedione, was the K, value, 1.6 x 1073 ye 
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Biochemistry 


PARTICIPATION OF SULFHYDRYL ENZYME IN THE CONVERSION OF 
TO STEROL WITH RAT LIVER ENZYMES. DeWitt S. Goodman.* 

National Institutes of Health, Bethesda, Md. 

The formation of digitonin, precipitable sterol from squa- 
jene biosynthesized from 2-C~"-mevalonate requires both the 
microsomes and that soluble protein fraction of liver homo- 
genates precipitable with (NH4)2504 between 30 and 60% satu- 
ration (cf. Tchen and Bloch, J.Biol.Chem. 226, 921, 1957). 
(PNH and molecular oxygen are also essential; DPNH cannot 
substitute for TPNH. In the absence of added reduced mercap- 
tan little sterol was formed; good conversion appeared, how- 
ever, on addition of 5-10 mM-GSH, cysteine, or 2-mercapto- 
ethanol. The mercaptan requirement could be partly replaced 
py ascorbate or EDTA. Maximum yields were obtained by 
the addition of GSH to an enzyme previously dialyzed 
against mM-EDTA. The system was strongly inhibited by com- 

s known to react with -SH groups, including PCMB, iodo- 
acetamide, N-ethylmaleimide, and arsenite; Cu‘, Mm, cers 
and Fe** were also strongly inhibitory. By appropriate prein- 
cubations it was shown that the -SH enzyme involved is asso- 
ciated with the microsomes and not the soluble protein. Two 
closely juxtaposed -SH groups are apparently not involved 
since arsenite inhibition was readily overcome by excess 
GSH. The optimum pH for the system is close to 7.4, with 
activity falling off abruptly below pH 7 and above pH 8. 





Biochemistry 


CONVERSION OF SQUALENE TO STEROL BY RAT SKIN SLICES. Je Le 

lore* Graduate School of Nutrition, Cornell university, 
— New Yorke 

Labeled squalene accummlated in pieces of whole rat skin 
or slices of epidermis and dermis when incubated anaerobic- 
ally in a medium containing glucose, insulin, ferricyanide 
and labeled acetate. Only traces of label were found in 
sterols. The labeled squalene was converted to sterols 
during subsequent incubations under oxygene However, after 
short serobic incubations less than 50 % of the label lost 
fron squalene was recovered as digitonin=-precipitable sterols. 
A labeled, soluble digitonide fraction from the non-saponi- 
fiable lipids of epidermis was isolated and it accounted for 
the remaining activity. Upon incubation in a reconstituted 
Waring blendor homogenate of hog liver this fraction was 
converted to sterols. Fractionation of these sterols showed 
no significant label in lanosterol and other less polar 
sterols. After longer aerobic incubations of the epidermal 
slices, the squalene activity was quantitatively recovered 
as digitonin-precipitable sterols but no more than 66 % of 
the squalene activity of the dermis appeared in sterols. 
No labeled sterols were recovered after reincubation of the 
soluble fraction of dermis, (Supported by funds available 
through the State University of New York.) 


Biochemistry 


s)?4_cHoLESTADIEN-3B-OL, A PROBABLE INTERMEDIATE IN 
CHOLESTEROL SYNTHESIS. Ivan D. Frantz, Jr. afid Mary L. 
Mobberley*. Depts. of Medicine and Physiological Chemistry, 
Medical School, Univ. of Minnesota, Minneapolis, Minn. 

When liver slices of triparanol-treated rats are incubated 
with acetate-cl4, a highly labeled sterol product emerges 
later from silicic acid columns than any known intermediate 
incholesterol synthesis. This compound is biologically con- 
vertible to cholesterol. In order to identify it, the liver 
sterols from fifty triparanol-treated rats were chromatograph- 
edon silicic acid. The most polar companion was rechromato- 
@aphed, purified by the way of the digitonide, and crystal- 
lized from acetone (yield 10 mg.). This compound was "fast- 
ating" with the Liebermann-Burchard reaction. The ultravio- 
let spectrum indicated contamination with a trace of diene. 
The infrared spectrum was almost indistinguishable from that 
of lathosterol, but on hydrogenation with palladium the com- 
pound absorbed 1.1 mole of hydrogen. The radioactive compan- 
ion yielded labeled acetone on treatment with osmium tetroxide 
and lead tetraacetate. Hydrogenation prior to treatment with 
omium tetroxide reduced the yield of acetone to zero. On 
hydrogenation with Raney nickel, the compound yielded a pro- 
duet which traveled chromatographically with lathosterol. It 
_ that this new intermediate is 47+24-cholestadien- 

“ol. 
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Biochemistry 


STUDIES ON THE CONVERSION OF 47-CHOLESTENOL TO CHOLESTEROL. 
G.J. Schroepfer, Jr.*, Depts. of Physiol. Chem. and Medicine, 
Univ. of Minnesota, Minneapolis, Minn. 

47-cholestenol -4-cl4 (1) and 7-dehydrocholesterol-4-cl4 
(II) were prepared by organic synthesis and their efficient 
conversion to cholesterol by rat liver homogenates demonstrat- 
ed. A compound (III) chromatographically similar to 7-de- 
hydrocholesterol was recovered after incubations of I with 
liver homogenates. Sequential studies of the conversion of 
I to cholesterol were compatible with the hypothesis that 
III is an intermediate in the process. A comparison of the 
conversions of 47-cholestenol-5 ,6-H3 and I to cholesterol 
was made. Cholesterol and III had the same Cl4/43 ratio, a 
finding also suggestive that III is 7-dehydrocholesterol. 
The conversion of 47-cholestenol to cholesterol requires the 
presence of molecular oxygen (Frantz et al., J. Biol. Chem. 
234, 2290, 1959). Preliminary studies indicate that the 
conversion of II to cholesterol occurs as readily in an atmo- 
sphere of nitrogen as in oxygen. If 7-dehydrocholesterol is 
an intermediate in the conversion of I to cholesterol, the 
role of molecular oxygen appears localized to the conversion 
of I to 7-dehydrocholesterol. It is unlikely that A6-cholest- 
enol is an intermediate in the overall reaction, since this 
sterol is not converted to cholesterol by the rat (Schroep- 
fer, Fed. Proc. 19, 240, 1960). 





Biochemistry 


EFFECTS OF TAURINE AND GLUTATHIONE ON CHOLESTEROL 
BIOSYNTHESIS. Eliahu Gilon,* (Bape Carol 
lein* and er. Dept. o cine, 
rt Einstein Col. of Medicine, New York. 

Since cholesterol is excreted in the rat largely 
as taurine conjugates of bile acids, the effect of 
dietary supplementation with taurine on cholesterol 
synthesis in cholesterol fed rats was studied, 

Liver slices from rats maintained on diets contain- 
ing 0.5% chojesterol and 2% taurine incorporated 
acetate=-1-C into cholesterol at rates 5-fold 
greater than did slices from rats fed only choleste- 
rol, Liver cholesterol content was lower in the 
taurine fed rats, although weight gain in the two 
groups was the same, With the view that these 
differences may be related to liver content of 
sulfhydryl compounds, liver slices from rats fed 
diets with and without added cholesterol were in- 
cubated with uced glutathione. The incorporation 
of acetate-1-C'" into cholesterol was increased 

from 10 to 125%, It appears that the concentration 
of SH groups may be rate-limiting in cholesterol 
synthesis. 


Pharmacology 
INHIBITION OF STEROL BIOSYNTHESIS BY ANALOGS OF MEVALOBIC 
ACID. John Morrow Stevart® and The 


Rockefeller Institute, New York. 

In the search for antimetabolites of mevalonic acid (MVA) 
able to inhibit sterol biosynthesis, 3-hydroxy-3-methyl-5- 
phenyl-4-pentenoic acid (I) was synthesised and found to 

inhibit ergosterol synthesis in growing cultures of yeast. 
This was the most active of a mumber of aromatic-substituted 
5-deoxy analogs of MVA prepared and tested for growth inhib- 
ition of Lactobacillus acidophilus and inhibition of ergoster- 
ol synthesis by . When assayed in 
acid medium, I caused a marked inhibition of sterol synthesis 
at a level (0.2 mg/ml) which caused only slight growth inhibd- 
ition, while the other compounds caused inhibition of growth 
and stimulation of sterol synthesis. The compound was less 
active near neutrality. With » these compounds 
showed varying degrees of activity. A mmber of aliphatic 
5-deoxy analogs of MVA were synthesised and tested. The nost 
active compound of this was 5-deoxy MVA (3-hydroxy-3- 
methylvaleric acid, DMVA), which caused half-maximal inhibd- 
ition of growth at a concentration of 0.3 ug/ml. 
2=-Metbyl-, and 5-nethyl-DMVA were about half as 
active. The action of all of this group was irreversible. 
They also caused some inhibition of sterol synthesis by 

yeast without inhibiting growth. 
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Physiology 


cae W. Brauer, 
«3. Nava diolo- 


OXYGEN UPTAKE AND ANOXIA OF THE LIVER. 


—- F. Leong? and Roy J. Holloway* 
ca. ense laboratory, rancisco, California. 

Using the isolated perfused rat liver preparation, it 
could be shown that hepatic oxygen uptake per unit perfused 
tissue is independent of perfusion rate, but is almost di- 
rectly proportional to the hematocrit of the perfusion me- 


dium. Reducing the oxygen tension of the blood supplied to 
the liver likewise reduces hepatic oxygen consumption. The 
data are interpreted as indicating that Oo transfer from ery- 
throcyte to tissue is the factor limiting hepatic oxygen up- 
take. The effects of different modes of reducing hepatic 
oxygen consumption are not all alike: as examples differen- 
ces in bile secretion, glucose and reducing sugar release, 
and tissue integrity will be presented. The observed oxygen 
uptake rates are several times larger than those previously 
accepted on the basis of tissue slice studies, and of studies 
with low hematocrit perfusates. The hepatic oxygen uptake is 
found to account for nearly 25% of the total basal metabolic 
rate for the rat, and recalculation shows that a similar 
value may be correct for rabbit, dog, and man. 


Physiology 


STUDIES ON THE FORMATION OF HEPATIC LYMPH. John S, Krebs, 
George F, Leong*, Jesse L. Bollman, and Ralph W. Brauer. 
U.S. Naval Radiological Defense Laboratory, San Francisco, 
Calif., and the Mayo Clinic, Rochester, Minn. 

BSP was infused continuously into the circulation of an 
isolated, perfused rat liver, and samples of blood, hepatic 
lymph, and bile were collected. Concentration of BSP in the 
bile was 00-500 times as great as that in plasma. Concen- 
trations of BSP in hepatic lymph fell into 2 classes: in 
some preparations the concentration was 8-10 times that of 
plasma; in others it was approximately 60% of that of plasma. 
Concentration of protein in hepatic lymph was 96% of that in 
plasma regardless of whether the concentration of BSP in the 
lymph was higher or lower than that in the plasma. Chromato- 
graphic analysis of the distribution of metabolites of BSP in 
the various samples showed that when the concentration of BSP 
in hepatic lymph was greater than that in plasma, the distri- 
bution of BSP metabolites in lymph was identical with that in 
bile. When the concentration of BSP in hepatic lymph was less 
than that in plasma, the distribution of BSP metabolites in 
the lymph was independent of the distributions in bile or in 
plasma. The bearing of these data on the controversial ques- 
tion of the relationship of hepatic lymph, plasma, and bile 
will be discussed, 
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REGENERATION FOLLOWING PARTIAL HEPATECTOMY AS A FUNCTION OF 
AGE IN THE MOUSE. R. L. Straube and H. M. Patt. Div. of 
Biol. and Med. Res., Argonne Natl. Lab., Argonne, I1l. 

The rate of liver regeneration in the CF No. 1 female 
mouse varies with age, the rate at any given age being direct- 
ly proportional to the amount of tissue removed at hepatec- 
tomy. In 2, 6 or 8 month old animals the liver regains its 
initial weight at 7 days following removal of 1, 2, or 3 
lobes of the liver. At 10 months, the regenerative rate 
following removal of 3 lobes is somewhat prolonged; the 
initial organ weight is not regained until 10 days after oper- 
ation, At 18 months the rate is slowed in animals in which 
2 and 3 lobes are removed. Thus as the animal ages, the rate 
of liver regeneration decreases progressively as a direct 
function of the amount of tissue removed, After exposure to 
400 r whole-body x-irradiation the regenerative pattern of 
2-month-old mice was similar to that of 10-month-old non- 
irradiated mice. Although the regenerative capacity of the 
liver represents a common functional pattern for the expres- 
sion of both senescent and radiation-induced changes, the 
latter response may be an expression of primary organ damage 
rather than premature aging, per se. (Work performed under 
the auspices of the U. S. Atomic Energy Commission) 
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INA SYNTHESIS DURING HEPATIC REGENFRATION IN RATS OF Vapion 
AGES. N.L.R, Bucher, J.F. DiTroie*® end M.N. Sweffiela® ~~ 
Huntington Labs., Mass. Generaa Hospital, Boston, Mass, 
The 2-hour incorporation of lebeled orotic acid or thyni. 
dine into the DNA of livers of normel weanling rets (21 deys 
old) was considerably greeter than in adults. It epproxi. — 
mately doubled by 24-27 days of age, thereefter declining, { 
When rets were partially hepatectomized during this repid 
growth phese and the course of DNA labeling determined at 
intervels during hepatic regeneration, synthesis remained 
near normsl for 15 hours, then increased ebruptly ‘to 8 high 
peek at 22 hours. In young adults (200-250 gm.) the 
tive response was slower and the rise more gredusl with the 
peak at eround ?5 hours. In yeer old enimals (350-400 gn,} 
the delay wes even more pronounced, the meximum being at %. 
32 hours. The course of synthesis wes followed further ip 
weenling rets: efter the initiel peek there was e low at 
hours end e lesser peak et 35-40 hours. Thie pattern was not 
attributable to diurnel rhythm, since ell animals were kille: 
between 11 A.M. end 1 P.M. The present biochemicel data sho» 
thet with increesing ege there is a progressive decline ip 
capacity to initiate DNA synthesis, a finding consistent 
with previous histologicel evidence of e comparable lag in 
ability to restore hepetic cell population to normal. 





Biochemistry 
Biochemical Role of Liver Amylase. W.J. Rutter andgM.L, Arnoli 
Division of Biochemistry, University of Illinois, Urbana, 
Isolated rat liver cells and slices contain an active a-amyle 
but a low level of oligoglucosidase. In these systems oligo- 
glucosides are elaborated into the medium, hence the addition 
of oligoglucosidase increases glucose production, (Rutter and 
Brosemer JBC, in press). In order to evaluate the role of any- 
lase in more functional liver systems, perfusion experiments 
(reconstituted media) have been performed with the following 
results: 1."normal" perfused livers do not produce significant 
quantities of oligoglucosides in the presence or absence of 
glucagon (<10% rate of glucose production); however, after de 
leterious treatment of the liver (hypotonicity ,CC1 4, phloretin) 
oligoglucosides accumulate in the medium, 2,Addition of oligo 
glusidase to the perfusion medium does not affect the rate of 
glucose production. 3. Amylase is produced by the liver con- ; 
tinuously into the perfusion medium (sufficient to account for 
the total serum amylase activity in 2 hours incubation); LDA 
and GOT activity of the perfusion medium, and LDH, GOT, and 
amylase activity of the liver remain constant during the inci 
bation. It is concluded: 1. the amylase-oligoglucosidase patr 
way is a minor route of glucose production in intact liver, 
2. liver is one source of serum amylase. 3. available data 
also suggests a role of liver amylase in the formation of gly- 
cogen primer molecules, Supported by USPHS Grant C-3765. 
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SEPARATION OF ACTIVE FRACTIONS OF LIVER 
BY ELECTROCHROMATOGRAPHY. Arthur Karler*, 
Nicholas V. Carroll*, Robert C. Batterman. Institute for 
Clinical Pharmacology and Medical Research, Berkeley, 
California. 

Various liver preparations, crude and purified, were 
studied by means of continuous-flow electrophoresis in an 
attempt to characterize biologically and physico-chemically 
their active constituents. This technique lends itself to 
separation of complex labile protein mixtures without alter 
ation of chemical or biological properties. By means of 
one or both bioassay systems - growth control factor (nema 
tode) and glucose uptake-rat hemidraphragm - it was fo 
that several fractions with different electrophoretic mobili- 
ties possessed the same biological activities. Extremely 
small amounts, 1.7 x 10-6 mg. of total solids resulted in 
marked increase of glucose uptake. Separation excluded 
several inert fractions and allowed purification of active 
constituents. (Supported by grant from Blair/Johnson, Int) 
and The Foundation for Clinical Pharmacology, Inc.) 
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Liver Cell Proliferation Due to Biliary Obstruction. I. Auto- 
radiographic, Bacteriologic, and Histologic Studies. Richard A. 
yecDonald and Giselle Pechet.” Mallory Inst. of Path. & Harvard 

x » Boston, Mass. 

In the course of studies in rats it was observed that uncom- 
ted common duct obstruction resulted in markedly increased 
Dw synthesis and mitosis in liver cells, 

210 male Sprague-Dawley rats were studied in groups: common 
uct ligation, with and without infection, and sham operation 
yith and without infection, Infection was produced by IV in- 
jection of approximately 106 E.coli. Quantitative bacteriolo- 
pie cultures were made; H}-th: was given IV hours before 
gcrifice to detect and quantitate in autoradiographs cells 
gmthesizing DNA. Rats were studied at 1,2,3,5,7,1h,21,28, 35 
days after operation and infection, 

In addition to changes in bile ducts, fibroblasts, and in- 
flammatory cells, liver cells beginning 2 days after ob- 
struction showed increased DNA synthesis and mitosis of the 
sane magnitude as is found in partially hepatectomized liver 
2? days after operation. This was unrelated to infection, in- 
farction, and necrosis. Increased DNA synthesis persisted as 
long as obstruction was present, 

This phenomenon may be of importance in understanding the 
control of liver regeneration, 
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Absence of a Blood-Borne Factor Affecting Liver Regeneration 
in Paired and Triplet Parabiotic Rats. Adrianne E. Rogers,* 
James A, Shaka,* Giselle Pechet,* and iichart ky Wactonat ls 
ory Inst. of ra rvard Med, Sch., Boston, Mass. 

Because of negative plasma transmission experiments, the pre- 
sent studies were made in an attempt to demonstrate the 
presence of a humoral factor affecting liver regeneration in 
parabiotic rats. Regeneration was quantitated by injecting all 
rats with H?-thymidine, and counting in autoradiographs hepa- 
tic cells that utilized thymidine for DNA synthesis and by 
counting mitoses, 202 Sprague-Dawley and 27 inbred male rats 
vere used in 6 experiments at 8,72, and 96 hours after op- 
eration, Parabiotics with runting; that appeared ill; or that 
had failed to show prompt cross excretion of PSP dye had been 
excluded. The 48 hour experiment was twice & the triplet ex- 
periment once repeated, Livers of intact partners of parabio- 
tic rats subjected to partial hepatectomy did not show an in- 
crease in DNA synthesis or mitosis at any of the times studied. 
Regeneration was the same in partially hepatectomized parabio- 
tic rats as in partially hepatectomized single rats, Vari- 
ations were found in DNA and mitosis of parabiotic rats which 
my explain positive results obtained by others, 

These experiments do not support the view that after partial 
hepatectomy there are stimulating or inhibiting factors in 
the blood that directly govern liver regeneration, 
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DEVELOPMENT OF THE SEPTA IN THE PIG LIVER. R. J. Stein*, 
4, Vatter*, F. Volini* and G. Kent. Abbott Labs., North 
thioago, 111, and West Suburban Hospital, Oak Park, I11l, 
Formation of the lobular septa of the pig liver was stud- 
ied at various intervals. At birth the porcine liver resem- 
bles that of other mammals except for the presence of con- 
tpiouous cellular aggregates about interlobular bile ducts. 
These have round, oval or spindle shaped nuclei with incon- 
tplouous nucleoli and scanty cytoplasm and resemble the cells 
observed in experimental hepatic injuries. By the third day 
they form prominent mantles about ducts and later spread into 
liver parenchyma toward adjacent portal fields. Parallel 
with this cellular penetration, delicate reticulum fibers 
‘pegr, first as scattered threads, and later as a continuous 
tstwork connecting portal fields. Reticulum fibers are close- 
lyassooiated with the spindle shaped cells and appear con- 
densed in areas of duoctuler cells or small vessels. This net- 
wrk gradually undergoes change into collagenous septa. Funo- 
tionally, the septa are extensions of the portal traots, form- 
ing the framework for ductules and vessels. Physiologic sep- 
tm formation in the pig is reminiscent of the reactive pro- 
‘8ses seen in various pathologic conditions, partioularly 
tthionine-induced rat hepatitis; however, in the former 
Mtenchymal and ductular cells have a more orderly arrange- 
mnt and oan be distinguished as separate units. 
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THE EFFECT OF CARBON TETRACHLORIDE ON ENZYMES AND BIOCHEMICAL 
CONSTITUENTS OF RAT LIVER. I. E. KARL, R, Schwartz, S. M. 
McNicol,” H. Zarkowsky* and R. &. Shank, Dept. of Prev. Med., 
Washington Univ. School of ifedicine, St. Louis, Mo. 

Single intraperitoneal injections of CCl4 were used to in- 
duce liver damage in female Sprague-Dawley rats. Biochemical 
and enzymatic determinations in liver homogenates were made 
6, 12, 24 and 48 hours after injection. Although there were 
no changes in body weight, water content of the liver and de- 
oxyribonucleic acid (on the basis of wet weight) throughout 
the 48 hour period, there were significant increases in liver 
weight, total lipid and cholesterol appearing within 6 hours. 
Protein decreased after 48 hrs. On the basis of protein, 
there were marked increases in alkaline phosphatase (AP) and 
glucose-6-phosphate dehydrogenase (G6PDH) activity occurring 
within the first 6 hrs. Increases of 500% for AP and 200% for 
G6PDH were noted in 48 hrs. Lactic dehydrogenase and phospho- 
glucoisomerase exhibited increases in activity occurring after 
24 hrs. On the other hand, malic, isocitric, glutamic, beta 
hydroxybutyryl Coenzyme A dehydrogenases, glutamic-pyruvic 
and glutamic-oxaloacetic transaminases showed decreases in 
activity ranging from 60-80% of the control at 48 hrs. 

Changes in the activities of these enzymes in the sera were 
noted as early as 6 hrs. (Supported by Dept. of Army 
Grant #DA-49-007-MD-1024.) 
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LIVER TUMORS PRODUCED IN RATS BY FEEDING SAFROLE. 
Eleanor L. Long*, Walter H. Hansen*, and Arthur A, Nelson. 
Div. of Pharmacology, Food and Drug Admin., U. S. Dept. of 
Health, Education, and Welfare, Washington, D. C. 

Five groups of Osborne-Mendel rats, 50 per group evenly 
divided by sex, received 5000, 1000, 500, 100, or O ppm, 
respectively, of safrole in the diet for 2 years. The organ 
most severely affected was the liver, injury being moderate 
to severe at 5000 ppm, slight to moderate at 1000, slight at 
500, and very slight at 100. Liver changes consisted of 
tumors (both hepatoma and hepatocholangioma types), enlarge- 
ment of hepatic cells (either diffuse or nodular), variation 
in cell size, fatty metamorphosis, architectural irregularity, 
bile duct proliferation, focal cystic necrosis, focal periph- 
eral margination of cytoplasm, and minimal coagulation necro- 
sis. At 5000 ppm, hepatic tumorigenesis was very signif- 
icantly increased (p < 0.001), with 14 malignant and 5 benign 
tumors versus 2 and 1, respectively, in the controls. At 
1000 ppm there were 8 hepatic tumors, all benign. It is con- 
cluded that safrole is a low-grade hepatic carcinogen for the 
rat, apparently acting on a basis of previous non-neoplastic 
damage. Other effects of safrole, at 5000 ppm only, were a 
marked increase in mortality, retardation of growth, mild 
anemia and leukocytosis, and slight atrophy of the bone 
marrow. 
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STUDY OF CHANGES IN CELLULAR MASS BY INTERFERENCE MICROSCOPY. 
Bjarne Pearson and Fred Grose. Detroit Institute of Cancer 
Research and Department of Pathology, Wayne State University, 
Detroit, Mich. 

Changes in cellular mass can best be studied during rapid 
growth. Rats were hepatectomized and sacrificed daily for 
six days and later intervals. A suspension of cells was made 
following perfusion of the liver by saline containing versene. 
The liver cells were mounted in glycerol and examined with a 
Cooke-Dyson interferometer microscope. The calculated mean 
normal anhydrous mass of a single liver cell was 14.16 x 10-10 
gm. A sharp increase in mass occurred on the first and second 
day following the hepatectomy. This was calculated as 16.88 
X 10710 and16.46 X 10710 gm. per cell respectively. During 
the third and fourth day the mean mass per cell dropped to 
13.72 X 10710 gm. and 11.49 X 10-10 gm., followed by a gradual 
increase in mass. This decrease in mass occurred at the time 
when cell division is most active. The calculated mass of 
sham operated animals on the first day was 14.20 X 10-10 gm. 
and on the fourth day 14.23 x 10-10 gm. 
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UPTAKE OF PLASMA PROTEINS BY NEOPLASTIC LIVER CELLS. 
Cohen*, and *, Dept. of Microbiol- 
ogy, Columbia Univ. College of Physicians and Surgeons, N.Y. 
Evidence that is based on isotope dilution studies suggests 
that plasma proteins may be taken up and utilized by cancer 
cells without prior extracellular hydrolysis (J.F. Henderson 
and G.A. LePage, Cancer Res. »19:887, 1959). Rats bearing DAB- 
induced hepatomas were therefore injected with rabbit serum. 
Sections of tumor tissue were stained with fluorescein- 


labelled antisera to rabbit albumin and globulin. Both of these 


were demonstrated in large numbers of intracytoplasa- 
ic globules, ranging in size from pin-point fluorescent areas 
to masses almost completely filling the cell. A similar 
distribution of rat globulin was observed, both in uninjected 
rats and in those previously injected with rabbit serum, thus 
suggesting a relationship between the mechanisms by which the 
tumor cells handle endogenous and exogenous proteins. Liver 
tissue of normal rats, as well as samples of liver tissue far 
removed from gross tumor nodules, showed only occasional 
small granules of specific fluorescence, which were mainly 
located in the cytoplasm of Kupffer cells. The tumor cells 
under study apparently took up appreciable quantities either 
of intact plasma proteins, or of fragments that retained 
antigenic identity with the original molecules. 
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4 ALLYL-1, 2 METHYLENEDIOX YBENZENE(SAFROLE) AS 
A NEW TOOL FOR THE STUDY OF PATHOGENESIS OF 
TOXIC HEPATIC CIRRHOSIS AND ADENOMATOSIS. 


F. Homburger, G. Friedler,* T. Kelley, Jr.* and A.B. Russ- 





field. Bio-Research Institute, Cambridge, Mass. 

Young male and female Carworth Farms CFN rats were 
fed Safrole at a dosage level of 1% of the diet for periods of 
from 150 to 360 days in combination with various levels of 
protein and riboflavin. Safrole feeding resulted in the loss 


of normal hepatic architecture and the formation of adenomas. 


On a low protein, low riboflavin diet, hepatic adenomatosis 
was accompanied by severe fatty infiltration, fibrosis, and 
deposition of ceroid in the male rats. These changes were 
less marked in female rats on the same diet. In males ribo- 
flavin supplements had little effect on hepatic pathology. 
ever, protein supplements decreased the fat, fibrous tissue 
and ceroid without affecting the appearance of adenomas. At 
safrole levels of 0.1%,fat deposition, fibrosis, or ceroid still 
occurred, but there were no adenomas. 

In both males and females given Safrole, gonadal, bone 
marrow and gastric mucosal atrophy, as well as adrenal and 
pituitary hypertrophy were seen. 
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ALCOHOL TOLERANCE IN CIRRHOTIC RATS. A, Mikata*, A. A. 
Dimakulangan* and W, S. Hartroft. Dept. of Pathology, Washington 
University School of Med., St. Louis, Mo. 

There are few experimental data to support the clinical concept that 
cirrhotic individuals are more susceptible to alcoholic intoxication than 
healthy ones, Therefore, progressive changes in alcohol tolerance of 
rats kept on a choline-deficient (cirrhogenic) diet were studied. Blood 





alcohol-levels of rats, stomach-fed a test dose of 1.2 mi of 10% ethanol/ 


100 g. of body weight, were determined at each of the last four of the 
six months of the experiment. The microdiffusion method using Conway 
dish was employed. Results revealed: |) Throughout the experimental 


period, control rats fed chow or given a choline supplement almost com- 
pletely cleared the alcohol 4 hours after its administration. 2) No signi- 


ficant differences in tolerance were observed between these two control 
groups throughout the experimental period, or between these and the 
choline-deficient rats during the 3rd and 4th months although the latter 
did develop fatty livers. 3) Significant differences were found in 
choline-deficient rats by the 6th month when livers of such rats were 
cirrhotic. 60 minutes after alcohol administration, its level in their 
blood was 30% higher than in controls and at the end of 4 hours only 
38% of this amount present at the end of 60 minutes had been cleared 


compared to 82% for the c ing fi in the controls. 
(Supported by USPH Grants CRT-5017 and C-2548.) 


How- 





218-219 


Pathology 

EFFECT OF CHOLINE ON AMINONUCLEOSIDE NEPHROSIS IN 
EFFECT OF PROTEINURIA ON FATTY LIVERS OF CHOLINE-DEF| 
RATS. B.B. Banson*, W.S. Hartroft and L, Recant. Washington Uniy.. 
School of Medicine, St. Louis, Mo. | 

The possibility of a beneficial effect of choline on the nephrotic syne 
drome is entertained, as the exogenous lipotropic requirement could be 
increased by loss of methionine in urinary proteins. The basal diet wos 
choline-deficient. Mild proteinuria was achieved by supplementing it 
with aminonucleoside (0.015%). Lipotropic requirements of animals 
were estimated by measuring the amount of liver fat biochemically, In 
rats (15) of Group |, fed the basal diet plus aminonucleoside, prote 
hypoproteinemia, hypoalbuminemia and hypercholesterolemia devel 
although not excessive. Kidney and liver/body weight ratios were in- 
creased. In urine of rats (15) of Group Ill, fed the basal diet plus amine 
nucleoside plus 1% choline, less protein was found than in the urines of 
Group |-rats. Rats fed the choline-deficient diet alone (Group Il), 
developed fatty livers. Hepatic lipid-concentrations of rats in Group | 
were significantly higher than those of Group II, These results do support 
the possibility that loss of methionine-containing protein in the urine 
may under these conditions increase the oral lipotropic requirement as 
indicated by the amount of liver fat. (Supported by USPH Grants Nos, 
CRT-50I7 and C-2548,) 
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MORPHOLOGICAL AND CYTOCHEMICAL CORRELATION OF RAT LIVER CELL 
ORGANELLES §N SUBACUTE ETHIONINE INTOXICATION AND MODIFICA- 
TIONS. D.D. Anthony*, F. Schaffner and F. Hutterer*, Dept. 
Pathology, Mt. Sinai Hospital, New York, N.Y, 

Livers of rats following subacute ethionine intoxication 
alone, with supplemental cortisone treatment or with subse- 
quent replacement by methionine were examined electron micro- 
scopically and by chemical assays of whole liver homogenates, 
Ethionine feeding produced liver cell damage characterized by 
swelling and decreased density of mitochondria with reduced 
activity of oxidative enzymes, disruption of endoplasmic reti- 
ulum forming smooth vacuolated profiles with reduced glucose- 
6-phosphatase activity, and ductular cell proliferation sur- 
rounded by fibrosis with increased DNA and hydroxyproline com 
tent. Cortisone treatment or methionine replacement of ethic- 
nine restored enzymatic activity to normal. Some liver cells 
displayed abundant rough profiles of endoplasmic reticulum in 
the perinuclear area while other cells remained abnormal. Mit- 
chondria were less swollen and more dense but not fully re- 
stored to normal. Lysosomes contained much pigment especially 
after cortisone. Ductular cell cytoplasm became vacuolated 
while DNA and hydroxyproline approached normal. Mitochondrial 
function appears to be restored to normal before permeability 
of its membrane and protein and enzyme synthesis are normal 
before complete restoration of endoplasmic reticulum. 








Pathology 
HEPATIC MESENCHYMAL CELLS IN LIVER INJURY, Fenton Schaffner, 
Hans Popper, Tibor Barka* and Fiorenzo Paronetto*. Dept. 





Pathology, Mt. Sinai Hospital, New York, N.Y. 

Mesenchymal cells in human liver biopsy specimens were ex- 
amined under light and electron microscopes and with histo- 
chemical and immunocytochemical technics. At least 6 different 
nonhematic mesenchymal cells in hepatic parenchyma could be 
classified morphologically, and 5 functionally. Resting endo 
thelial or Kupffer cells with flattened cytoplasm lying on 
sinusoidal microvilli of liver cells exhibit acid phosphatase 
activity, little PAS material and few phagosomes. In liver Im 
jury active Kupffer cells bulging into sinusoids and macro 
phages surrounding necrotic foci contain much PAS material, 
increased acid phosphatase and numerous phagosomes, some ap- 
pearing as empty vacuoles, some resembling liver cell lyso 
somes and some displaying lipofuscin pigment. Plasmacytoid 
cells with abundant endoplasmic reticulum contain gamma globu- 
lin. Fibers seem to form near cells not engaged in phagocyte 
sis which have rather empty cytoplasm and rounded nuclei. 
These are numerous around necrotic foci and proliferating bile 
ductules. Cells are seen with sparse cytoplasm and either 
round or elongated nuclei. Functions of these are not mor pho 
logically apparent. Some are probably tissue lymphocytes and 
some progenitors of other cell types. 

(Supported by NIH Grant No. A-3846.) 
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INFLUENCE OF CARBON TETRACHLORIDE ON HEPATIC RESPIRATORY 
yeTABOLISM, M. E. Tracht* and 0. G. Tracht*. Dept. Path., 
Ht. Sinai Hosp., New York, N.Y. 

The functional nature of the hepatic lesion produced by 
ccl4 remains unclear since biochemical and morphologic changes 
correlate poorly. Because observed effects might reflect im- 
paired regulation as well as depressed enzyme and cofactor 
levels, the lesion in the intact isolated perfused rat liver, 
where intracellular regulatory mechanisms are presumably in- 
tact, was evaluated. Livers from female albino rats of 250- 
300 gm., deprived of food and given 0.8 ml./Kg. CC14 subcuta- 
neously 18 hrs. before, were perfused. Q02 and QC02 were 
determined from the perfusion rate and A-V blood gas differ- 
ences. Basal levels of these values were not significantly 
different in control and treated animals, but infusion of an 
amino acid mixture produced a marked rise in the control 
livers with no significant change in the treated group. These 
findings suggest the presence of two components of mitochon- 
drial function, one providing a basal level of activity, the 
second an adaptive component, brought into play by metabolic 
demand, but not otherwise readily apparent. It is suggested 
that a fundamental characteristic of the CCI4 liver lesion is 
a defect in metabolic regulation, impairing the response to 
altered metabolic requirements. 

(Supported by NIH Grant No. A-3768.) 
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QUANTITATION OF CORTISONE EFFECT ON HEPATIC FIBROSIS. Emanuel 
Rubint and Ferenc Hutterer*, Dept. Pathology, Mt. Sinai 
Hospital, New York, N.Y. 

In rats with subacute ethionine intoxication ductular cell 
proliferation and fibrosis increased from the 3rd to the 7th 
week (anabolic phase-"'A'') followed by a period in which these 
changes were maintained but not augmented (stationary phase- 
"S"), Cortisone given during "'A'' prevented the 40% increment 
in total protein, the 170% increment in DNA and the 190% in- 
crement in total collagen found in non-cortisone treated rats. 
The increase in ductular cells to 70% of the total cells was 
likewise prevented. Cortisone raised the decreased activities 
of hepatic proline oxidase, succinic dehydrogenase, GPT and 
glucose-6-phosphatase to normal or above normal levels. By 
contrast when cortisone was added during ''S'' neither morpho- 
logic nor chemical differences from rats receiving only ethio- 
nine were noted. Cortisone in the acute phase of ethicnine 
intoxication increases fat accumulation (Fed. Proc. 19: 187, 
1960), prevents fibrosis during the anabolic phase and has no 
effect during the stationary phase. These observations might 
explain the variation in response to cortisone therapy in dif- 
ferent stages of liver disease. 

(Supported by American Cancer Society, USPHS Graduate 
Training Grant 2G-115 and NIH Grant No. A-3846.) 
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DUCTULAR CELLS AND BILE FORMATION, Edward J. Singer*, Tibor 
Barka* and Stanley Goldfarb*, Dept. Pathology, Mt. Sinai 
Hosp., New York, N.Y. 

The solids, bilirubin, bile acids and rate of flow of 
bile were studied in chronic intoxications with ethionine 
(producing ductuler cell proliferation, liver cell necrosis 
and regeneration), with a-naphthyl isothiocyanate (causing 
ductular proliferation without apparent liver cell damage) 
and with carbon tetrachloride (inducing liver cell necrosis 
without ductular cell proliferation). in the conditions 
with ductular cell proliferation the rate of bile flow 
increased about four-fold, and the excreted bile had half 
the solids concentration of normal. in ethionine intoxi- 
cation also, the bile acid content was reduced, with an 
Inverse ratio of tri- to di-hydroxy acids. In carbon tetra- 
chloride-treated rats neither the rate of flow nor the water 
content of the bile was altered, but the bile acid content 
Was reduced, in these experiments the rate of bile flow 
and the degree of hydrocholeresis was related to the in- 
Crease in ductular cells. This suggests a role of the 
ductular cells in the production of bile, probably regulating 
water and salt content. 

(Supported by NIH Grant No. A-3846.) 
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BINDINGS OF SERA OF PATIENTS WITH HEPATIC DISEASES TO LIVER 
CONSTITUENTS, Fiorenzo Paronetto*, Fenton Schaffner and Hans 
Popper. Dept. Pathology, Mt. Sinai Hosp., New York, N.Y. 

In view of the previously demonstrated production of gamma 
globulin in liver near areas of parenchymal destruction in 
hepatitis and cirrhosis, circulating antibody to liver con- 
stituents were sought in liver diseases by the fluorescent 
antibody technic. Sera from patients with primary biliary cir- 
rhosts and fatal subacute hepatitis in the absence of L.E. 
phenomenon showed binding to nuclei of cells of liver but also 
of other organs including animal tissue. This binding, similar 
to that of sera in S.L.E., was eliminated by DNAase but not by 
RNAase and occurred with the gamma globulin fraction, Corti- 
sone therapy abolished the binding which is considered non- 
specific for liver diseases. Sera and their gamma globulin 
fraction from patients with different liver diseases but not 
of controls exhibited binding to cytoplasm of proliferated hu- 
man and animal ductules, Basement membrane and ductular con- 
tent as well as smears of bile of cirrhotic patients were 
stained. Cortisone therapy had no effect. Since ductular and 
bile staining corresponded with PAS reaction, the reacting 
material in the liver might be a muco-lipoprotein. Because the 
serum component is a gamma globulin and the reaction dissoci- 
ates at pH 3.2, an antigen-antibody reaction is suggested. 

(Supported by a grant of the Block Foundation. ) 
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THE PATTERN OF GLYCOGEN DISTRIBUTION IN THE RAT LIVER, 
K, ATERMAN AND B. CorrRiNS.* DALHOUSIE UNIV.,CANADA,AND MAN= 
CHESTER UNIV., ENGLAND. 

THE SENSITIVITY OF THE PERIOOIC ACID=SCHIFF STAIN AND THE Best 
CARMINE STAIN FOR GLYCOGEN HAS BEEN EXAMINED IN FROZEN=DRIED 
SECTIONS OF RAT LIVER OF VARYING GLYCOGEN CONTENT. IT WAS IN- 
TENDED TO STUDY THE LEVEL OF GLYCOGEN AT WHICH THESE STAINS BE- 
CAME POSITIVE, THE UNIFORMITY OF DISTRIBUTION OF GLYCOGEN, HOW 
CHANGES IN THE LEVEL OF GLYCOGEN AFFECTED THE APPEARANCE OF THE 
LIVER CELL IN SECTIONS STAINED BY ROUTINE METHODS, AND IF ADDI-~- 
TIONAL INFORMATION COULD BE OBTAINED CONCERNING THE DISPUTED 
PATTERNS OF GLYCOGEN DEPOSITION AND WI THDRAWEL IN THE LIVER LO= 
BULE, THE PAS STAIN APPEARED TO BE MORE SENSITIVE AND MORE RE- 
LIABLE THAN THE BEST CARMINE STAIN, PAS POSITIVE MATERIAL WAS 
DETECTED AT A GLYCOGEN LEVEL OF 0.17 mc% (wer LIVER WEIGHT), 
NEITHER CHEMICALLY NOR HISTOCHEMICALLY COULD THERE BE FOUND LAR- 
Ge VARIATIONS IN THE GLYCOGEN CONTENT OF THE VARIOUS LIVER LO- 
BES STUDIED. A MARKED PARALLELISM COULD BE SEEN BETWEEN THE 
APPEARANCE OF THE LIVER CELL, STAINED WITH THE ROUTINE H.E, 
STAIN, ANO THE HISTOCHEMICALLY AND CHEMICALLY DETERMINED GLYCO= 
GEN CONTENT, IN THAT INCREASING GLYCOGEN LEVELS LED TO A GRA= 
DUAL CHANGE FROM THE "DARK" CELLS OF THE FASTED TO THE "CLEAR" 
CELLS OF THE FED RAT, THE PATTERN OF GLYCOGEN DISTRIBUTION IN 
THE LIVER LOBULE, SUGGESTED A "GLYCOGENIC WAVE", WHICH MAY EX= 
PLAIN THE CONTRADICTORY STATEMENTS IN THE LITERATURE, THIS FIN= 
DING DOES NOT SUPPORT THE CONCEPT OF CELL HETEROGENEITY IN THE 
LIVER LOBULE, AT LEAST AS FAR AS GLYCOGEN IS CONCERNED, 


Pathology 

ON THF PATHOGFNFSIS OF FXPFRIMFNTAL FATTY INFILTRATION OF THE 
LIVFR. B. Lombardi* and R. 0. Recknagel*. Western Reserve U. 
School of Med., Dept. of Physiology, Cleveland, Ohio. 

Plasma (PTG) and liver (LTG) triglycerides were measured 
in rats intoxicated with ethionine or yellow phosphorus. 8 
hrs. after the administration by stomach tube of 100 mg/100 
g.b.w. of d-l-ethionine to female rats of about 200 g.b.w., 
LTG was 150.8 mgAvhole liver/100 g.b.w., against 47.2 mg in 
the control non treated animals. PTG was 2.7 and 10.7 mg/100 
ml plasma, respectively. 100 mg of Triton WR 1339 injected 
i.v. 90 mins. before sacrifice, brought the PTG level to 1200 
mg in intoxicated animals, and to 365.2 mg in respective non 
treated controls. 24 hrs. after administration, by stomach 
tube, of 7.5 mg/kg b.w. of yellow phosphorus in mineral oil 
to male rats: of about 200 g.b.w., LTG was 73.6 mg, against 
11.5 mg in control non treated animals. PTG was 7.3 and 21.9 
mg respectively. The injection of Triton, again 90 mins. be- 
fore sacrifice, brought the PTG to 63.4 mg in intoxicated 
rats, and to 273.5 mg in respective controls. Similar re- 
sults were obtained by us and M.C. Shotz (P.S.F.B.M. 104, 608, 
1960) in CCl, poisoned rats. In fatty livers LTG accumulation 
is probably due to a block of the mechanism which normally 
transfers triglycerides from the liver to the plasma. (Sup- 
ported by grants from Natl. Inst. of Arthr. and Metab. Dis. 
and Nationel Heart Institute, N.I.H., P.H.S.) 
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INHIBITION OF PHOSPHORYLCHOLINE-GLYCERIDE TRANSFER- 
ASE IN THE LIVERS OF RATS POISONED WITH CARBON TETRA 
CHLORIDE. G. F. Wilgram, S.W. Smith*, D.J. Ingle and 
E.P. Kennedy. Depts. of Biochemistry and Physiology, 
Univ. of Chicago, and Dept. of Biol. Chem., Harvard 
Med. School, Boston, Mass. 

The level of activity of some representative en- 
zymes involved in the biosynthesis of lecithin has 
been determined in the livers of rats fed a single 
dose of CCl,, and in the liver of normal controls. 
After 24 hours, the level of phosphatidic acid 
phosphatase in the livers of treated animals is un- 
changed, phosphorylcholine-cytidyl transferase acti- 
vity is depressed slightly, while the phosphoryl- 
choline-glyceride transferase activity per total 
liver is depressed by 55 per cent. Using conditions 
closely similar to those of Recknagel (J. Biol. Chem. 
234, 1052, 1959) the phosphorylcholine-glyceride 
transferase activity was found to be depressed by 
about one-third six hours after administration of 
the CClqg. The fall in phosphorylcholine-glyceride 
transferase activity may thus precede damage to the 
mitochondrial membrane, which was not detected by 
Recknagel at time intervals up to 14 hours after 
administration of the CCl,. 
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NEOPLASMS OF THE URINARY BLADDER AND LIVER IN RATS FED 2- 
ACETYLAMINOFLUORENE AND INDOLE. R. Oyasu,* D. Miller,* 
J. McDonald* and G. Hass. Div. of Path., Presbyterian-St. 
Luke's Hospital, Chicago, Illinois. 

To evaluate the histopathology of 2-AAF-induced tumors and 
the action of indole in augmenting 2-AAF-induction of 
urinary bladder tumors, C.D.Wistar male rats were divided 
into four dietary groups: Group B (0.06% 2-AAF plus 1.6% 
indole); Group D (3.2% indole), Group E (0.06% 2-AAF with 
3.2% indole) and Group F (0.06% 2-AAF). The average survival 
time of Group F was 194 days. Other groups varied from 337 
to 430 days. All rats of Groups B and E and 92% of Group F 
developed liver tumors with malignant tumors in Group F (8%), 
Group B (52%) and Group E (15%). All bladder tumors in Group 
F (19%) developed before the ninth month, while in Groups B 
and E the incidence rose to 68% and 63% between the 10th and 
17th months. No neoplasms occurred in Group D. The results 
suggested that the effect of indole may be due to prolongation 
of life of animals rather than co-carcinogenic action. Develop- 
ment of bladder tumors was positively correlated with severe 
damage and cystadenomas of the liver. This indicated that 
development of bladder tumors might be enhanced if the liver 
is damaged by other means prior to administration of 2-AAF. 
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LESIONS OF GUINEA PIG LIVER AND OTHER ORGANS PRODUCED BY 
LIVER HOMOGENATE AND FREUND'S ADJUVANT. S.A. Norkin,* 
L.S. Gottlieb and N. Zamcheck. Mallory Inst. of Path., 
joston y Pe» » Mass. 

Behan and Tal (J. Path. & Bact. 77:591, 1959) reported 
liver cell necrosis and RE hyperplasia and multiple granulo- 
mata following injections of homologous liver homogenate and 
Freund's adjuvant into guinea pigs and hamsters. Because of 
the potential significance of the iso-immune mechanism sug- 
gested, we repeated this experiment. ); groups of male guinea 
pigs weighing approx. 300 gms were treated: 15 animals re- 
ceived a suspension of homologous liver homogenate in physio- 
logic saline and Freund's adjuvant. 9 animals received liver 
homogenate in saline. 10 animals received adjuvant in saline. 
8 animals received saline alone. Multiple granulomata and 
hyperplasia of the RE system were noted in livers and lungs 
of all animals receiving adjuvant. Approx. half of the ani- 
mals receiving liver homogenate with or without adjuvant 
showed focal hyaline liver cell necrosis, whereas only 3/10 
of the animals receiving adjuvant and none of the controls 
did. The importance of distinguishing between the two lesions 
is emphasized, Adjuvant causes the granulomata and RE hyper- 
plasis. The hyaline change is not specific for liver homo- 
genate. The explanation of this latter lesion as an iso- 
immne reaction to liver protein is not entirely supported. 








Pau] M, Newberne*. 
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EFFECT OF ANTIBIOTICS AND SULFONAMIDES ON DEVELOPMENT OF 
TIC CIRRHOSIS IN CHOLINE-DEFICIENT RATS. 
Auburn University, Auburn, Alabama 

Hepatic cirrhosis has been a consistent lesion in rats k 
on choline deficient diets for 200-300 days. 


W. D. Salmon and — 


The path Ogenesis, 


of the syndrome has not been positively established. 


(Ann, N. Y. Acad. Sci. 57: 925, 1954) reported a protective 
action of areomycin against cirrhosis. 
wise observed that antibiotics delayed the onset of hepatic © 
cirrhosis (J. Exp. Med. 106: 1, 1957). 
choline-deficient diet supplemented with 0.15% penicillin G ~ 
sodium showed a moderate accumulation of fat in the liver but 
no cirrhosis after 630 days; average weight gain was 536 gn/ 
With .01% penicillin in the diet 1/5 rats had slight (jm? 
cirrhosis, an average weight gain of 488 gm., and average sun 
vival of 609+ days. Every rat on the choline—deficient diet | 


rat. 
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alone showed cirrhosis, an average gain of only 313 gm., and 
average survival of 483 days. Terramycin, neomycin sulfate, 
sulfanilamide (.50%), and sulfaguanidine (.50%) afforded sig ~¥ 
nificant protection against hepatic cirrhosis, but were less , 
effective than penicillin in supporting weight gains and ay (log 
erage survival. Neither penicillin nor sulfanilamide pro- A 
tected against acute choline deficiency, or reduced the inci- 
dence of hepatocarcinoma in rats fed ethionine. (Supported ip 
part by USPHS Grant C-1018). 
Nutrition 
HEPATOMAGENESIS IN RAINBOW TROUT. Laurence M. Ashley.* and 16 I 
John E. Halver. Western Fish Nutrition Laboratory, U. S$. Fish 
and Wildlife Service, Cook, Washington. THERE 
Evidence now accumulated indicates certain dry pelleted Spence 
trout feeds fed 9 to 15 months produced a high incidence int 
(+ 50%) of primary hepatoma in certain rainbow trout strains, ptier 
Histological studies of 21 livers from these trout indicate of the 
altered fat metabolism leading to fatty degeneration, cir- highe 
rhosis and ultimately hepatoma formation. Several livers bind i 
grossly diagnosed as negative were shown to contain micro- tion ¢ 
scopic hepatomatous nodules, some of which appeared malignant over | 
as judged by increased cellularity, anaplasia, invasiveness feet ¢ 
and abundant atypical mitoses (15-20 per high power field). studde 
Multiple hemorrhagic foci and blood--or serum-filled cysts day a! 
sometimes were found. Swelling of Glisson's capsule and fo! 
accumulation of serous or fibrinous exudate beneath it was result 
seen. Experimental data from induction experiments using 1] tod Ge 
classical mammalian carcinogens fed at levels equal to 1/16, a-DTI 
1/4, 1, 4, and 16 times the carcinogenic dose for rodents are 100 de 
presented. stant 
one we 
sugge 
the bi 
Atomic 
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THE EFFECT OF STABLE STRONTIUM ON RADIOSTRONTIUM METABOLISM 9 
MAN. Herta Spencer,* Marie Roque,* Margaret Li* and Joseph COMPAR 
Samachson.* Montefiore Hospital, New York. ind He 
Stable calcium has been shown to influence radiostrontium Vhe 
excretion in man. The effectiveness of strontium, given oral- § the re 
ly as lactate and intravenously as gluconate, was studied on ftmlys 
sr85 metabolism in man in sepgrate studies under controlled  § tan be 
dietary conditions and was compared to the effect of stable in the 
calcium. Strontium lactate (600 mg.-1600 mg./day) was given § plasm 
for varying periods of time prior to the oral administration § intray 
of 5 and was continued during the study. In studies of carrie 
radiostrontium absorption, the Sr85 plasma levels were either fi vhich 
similar or higher during stable strontium administration than jf tfter 
in the control studies and the urinary Sr85 excretion was Taried 
higher, while the fecal Sr85 content was similar in both stul+ fini 1, 
ies. In studies of intravenously injected sr&5, the srod — fi tfter 
plasma levels were approximately in the same range or high? jitter 
during strontium gluconate infusions than in control studies floss, 
and the urinary Sr°> was markedly increased. This increase ~ | (trem 
persisted for 2 to 3 days after discontinuation of the stronte F mted 
ium gluconate infusions in contrast to a rebound decrease of  fivs o 
sr85 excretion after discontinuation of calcium gluconate im [the re 
fusions, Stable strontium was more effective than stable cal | iteic 
cium in increasing radiostrontium excretion in man. ( 
ed by a grant from the U. S. Atomic Energy Commission. ) 
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ION AND EXCRETION OF C14 CHELATES IN MAN. E. Stevens, * 
g, Rosoff,* Ao Feldstein,* M. Weiner and H. Spencer.* Monte= 
Fore Hospital, New York. 

Chelating agents of the polyamino acid type have become the 
treatment of choice for metal and radicelement poisoning. In 
studies using oral Ca-DTPA, minimal absorption of the che late 
ted since the increase in stool Ca excretion was almost 





. cs, 
rats kept 








q no 
wuivalent to the calcium content of the administered chelate. 








Patic studies of the absorption and excretion of EDTA and DTPA in 
S fed a were performed using Cl+-labeled chelates, The absorption 





lin G = er osuliy administered chelates was low, since in 5 days, 

ver but about 3-5% was excreted through the kidney while the major 

rtion of the dose was contained in stool. Both cl4_eDra and 
NE l4prPa, administered by the intravenous route, were quanti- 
‘Be SUE atively excreted in the urine in 24 hours. However, in metal 
t diet. jetoxification, the amount of metal removed depends upon the 

+» and § isbility constant of the metal chelate as well as upon physio- 
1fate, Biogical competitors, For instance, Y90-DTPA (log Kl 20) is 

led sige Boog excreted in 24 hours, while the excretion of 2n65-DTPA 












° (log Ky 18) is only She a by a grant from the U. S. 
de Commission. 
pro- itomic Energy 
e inci- 
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‘a 65 EXCRETION IN MAN AND THE EFFECT OF CHELATING AGENTS 
Fish cWREON. A.M. Feldstein,* B. Rosoff,* K. Sullivan* and H. 
Spencers * Montefiore Hospital, New York. 
“ Intravenous tracer doses of zn65 chloride were given to 7 
trains, gmtients. In 24 hours, plasma levels usually fell to below 2% 
icate of the administered dose but whole blood levels continued 
clita higher (5-7% = dose) for over a month, suggesting uptake or 
ers binding of Zn°D by red blood cells. Cumulative urinary excre- 
tion over a month averaged 3.5% of dose, while stool excretion 
cro=- ge 
lignant ove? the same period was much higher (12.5% of dose), The ef- 


eness fect of chelating agents on enhancement of 2n65 excretion was 
eld). studied by Pair injections of Ca-DIPA starting the 7th 
ysts day after 2n°D injection: the urinary 2n©5 excretion increased 
nd %efold, Ca-EDTA, given 17 days after Zn©5 administration, 
resulted ina 10-fold rise. Late enhancement, using Ca-DTPA 
ing 1 and Ca-EDTA, was not as effective as early enhancement, 

1/16 (a-DIPA being more effective than Ca-EDTA. Enhancement after 
*, #100 days was still possible. Despite the high stability con- 
stant of ZnO5-DTPA, the urinary ZnO excretion wes only 6% in 
one week following the intravenous injection of zn65-DTPA, 
suggesting the action of strong physiological competitors for 
the binding of zinc. (Supported by a grant from the U. S. 
Atomic Energy Commission. ) 
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seph F OOMPARATIVE RETENTION OF Ca45 aND Sr®5 IN MAN. J. Samachson* 
ind H, Spencer.* Montefiore Hospital, New York. 

nt ium When retention of orally administered Ca45 and sr85 is low, 
n ortl- § te retention determined from absorption studies alone (stool 
ed on ftmlyses) is subject to great error. More accurate results 
Lied tan be obtained in cases of poor absorption by using two steps 
able inthe process involved, determining relative absorption from 
given fplame values and relative retention from values after an 
ation intravenous dose. These methods were used in 49 studies, 

of trried out on controlled diets on the metabolic ward, in 

which Ca" and sr85 were administered orally and in 11 studies 
tfter intravenous doses, Absorption ratios of Ca45/sr85 

a8 tried from 1.35 to 3.70, averaging 2.22 on low calcium diets 
h _stul- find 1,96 on high calcium diets. (a45/sr85 retention ratios 
85 —- tfter intravenous doses increased with time and averaged 1.86 
igher fitter 12 days, 0a45/sr85 retention ratios 12 days after oral 
udies }lcss, calculated from the two steps, averaged 3.93, in good 
ease  \greement with a previously estimated value of 4. As esti- 
stron | mted by two different methods, from 5 to 10% of the absorbed 
se of floss of sr85 and Ca45 was still in soft tissues at thie time, 
te remainder in bone. (Supported by a grant from the U.S. 


le cal | itonic Energy Commission. ) 
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XANTHINE OXIDASE ACTIVITY AND IRON STORAGE IN LIVER: Janis V. 
Klavins, M.D., Thomas D, Kinney, M.D., Nathan Kaufman, M.D., 
Duke Univ. Sch. of Med., Durham, North Carolina 

It has been shown recently (Green and Mazur,J.Clin.Invest. 
37:1809, 1958.) that xanthine oxidase participates in the release 
of iron from hepatic ferritin, If the release of ferritin iron 
depends on the xanthine oxidase activity then decreasing the 
activity of xanthine oxidase should result in the accumulation 
of iron in the tissues. Our experiments were designed to ob- 
serve the effect of low liver xanthine oxidase activity on the 
liver and body iron. Young male albino rats were .fed a synthetic 
high protein diet supplemented with sodium tungstate. This was 
given in order to lower the liver xanthine oxidase activity, 
The control animals were pair fed and received a synthetic diet 
without the sodium tungstate supplement. After four weeks the 
animals were sacrificed, There was marked reduction in the liver 
xanthine oxidase activity in the experimental animals, but no 
changes in the liver iron or carcass iron values. The amount and 
distribution of liver iron demonstrated histochemically was ess- 
entially similar in both groups. The average hemoglobin values 
were not statistically different. During the entire experimental 
period both groups of animals gained weight equally. It was con- 
cluded from these studies that the lowering of xanthine oxidase 
activity did not affect iron deposition in the liver or iron 
absorption as demonstgated by total carcass analysis for iron. 
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METABOLISM OF CALCIYM, STRONTIUM AND BARIUM IN LACTATING DAIRY 
COWS. R. G. Cragle, P. T. Chandler” and T. H. Kamal”, UT-AEC 
Agri. Res. Lab., Oak Ridge and Dairy Dept., Knoxville,Tenn. 


Four Jersey cows were each given Ca-45, Sr-89 and Ba-133 
in a single oral administration. These animals were maintained 
on a diet of 18 per cent protein concentrate and a grass hay as 
the only roughage. Samples of blood, milk and urine were 
taken at intervals of from one-half hour up to 24 hours during 
a 210 hour sampling period. The rate of appearance of Ca-45 
and Ba-133 in blood was faster than that of Sr-89 with the 
maximum concentrations occurring at 18.5, 18.5 and 26.5 hours, 
respectively. Although all three radioisotopes could be 
detected in blood as early as one-half hour after dosing, 

Sr-89 and Ba-133 did not appear in urine until 18 hours post 
dosing, while Ca-45 did not appear until 26 hours. Ca-45 was 
preferentially transferred from diet to milk by a factor of 
6.3 over Sr-89 and of 20.4 over Ba-133. Averages of 5.3, 
0.85 and 0.25 per cent of the Ca-45, Sr-89 and Ba-133, 
respectively, were secreted into milk (6.63 kg/day) during 
the period, while 0.21, 2.10 and 1.74 per cent, respectively, 
were excreted into urine. 
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EFFECT OF HIGH LEVELS OF PHOSPHORUS, POTASSIUM, OR PHOSPHORUS 
PLUS POTASSIUM ON WEANLING RATS FED A RATION LOW IN MAGNESIUM. 
Beula V. McKey* and Julia 0. Holmes. Dept. of Home Economics, 

Ve nois, ° 

Weanling Sprague-Dawley rats were fed a basal synthetic ra- 
tion in which the Jones-Foster salt mixture No. 12 was ad- 
justed to contain 0.006% Mg and 0.4% each of Ca, P and K and 
which included 15% casein, 0.5% methionine and hg fat as corn 
oil. Their littermates received the low-Mg diet in which P, 
or K, or P plus K was increased 3-fold. Equalized feeding 
techniques were employed. Hyperemia of the skin, dermatitis 
and thinning of the hair developed in some of the rats on all 
the diets. ‘The rats receiving high-P, either as H3PO0, or as 
salts of Ca and K, had severely depressed appetites and they 
limited the amount of food allowed their littermates; they 
failed to gain in weight after the first 10 days, developed 
poor muscle tone, became listless and some had died by the 
30th day of the study. ‘The kidneys at autopsy were large and 
edematous, gray-brown in color and had a diffuse band of cal- 
cification at the cortico-medullary junction. Animals re- 
ceiving the high-P plus high-K diet had normal kidneys, as 
did littermates receiving the basal diet, the high-K diet or 
a diet rich in Mm. 
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PHOSPHORUS METABOLISM IN YOUNG ADULT MEN CONSUMING LOW CAL- 

CIUM DIETS. G. L. Borchers*, B. V. McKey*, C. Rhodes*, 

F. IaFont*, H. is Chen*, and J. 0. 8. Dept. of Home Eco- 
cs, v. of Tilinois, Ur . 

Six young adult men were maintained for 75 days on a 
naturel-food diet that met the N.R.C. allowances for nutrients 
with the exception that it provided only 400 mg. Ca/day. 
Phosphorus intakes and excretions were studied during 15 peri- 
ods -of 5-days each, carmine being used as a fecal marker. 
During the first seven periods the subjects received daily 
1552 mg. of P, 1012 mg. from the natural foods and 540 mg. 
from a supplement of H3P0,,, and 75 g. of protein. During 
periods 8-15 the H3P0), supplement was withdrawn and additional 
animal protein foods were used to augment the P intake, the 
mean protein and P intakes being 115 g. and 1335 mg. respec- 
tively. During the period when H3PO, was fed, the combined 
urinary and fecal P was significantly less than the P intake 
in one subject; it did not differ significantly from the P 
intake in the other 5 although 3 tended to excrete more P than 
they ingested. When animal protein foods were used to augment 
the P intake, total P excretions during period 12-15 tended to 
be greater than those during periods 8-11. Fecal excretions 
of P did not change significantly during periods 1-7 or 
during periods 8-15 for any of the subjects as shown by re- 
gression coefficients of fecal P on P intake. 
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LACTOSE AND THE TRANSIT OF CALCIUM AND STRONTIUM ACROSS THE 
RAT INTESTINE. R. H. Wasserman, A. N. Taylor* and C. L. 
Comar. Dept. of Physical Biology, N. Y. State Veterinary 
College, Ithaca, New York. 

lactose is known to increase the intestinal absorption 
of Ca’) and Sr85 in the rat. The mechanism for this effect 
was sought in experiments with everted gut sacs in vitro 
and in Warburg studies with rat mucosal cells. With everted 
duodenal and ileal sacs, it was observed that the presence of 
lactose in the incubating medium increased the in vitro 
transfer of Ca’ and Sr&5 across the ileum from rats raised 
on a pieh calcium diet, and inhibited the "active" transport 
of Ca‘ by rat duodenum, The addition of NaCN to the medium 
or incubation under No elicited a response comparable to that 
of lactose, and neither NaCN nor Nz atmosphere interfered 
with the effect of lactose. It was further found that lactose 
inhibited 02 and P32_chosphate uptake, and decreased C140, 
release from glucose-1-C!4 and glucose-6-C!4, by ileal 
mucosal cells. In addition, lactose inhibited the absorption 
of P3@.phosphate by rat ileum in vivo. These and related 
data suggested that there may be a metabolically dependent 
block to calcium absorption and that lactose may interfere 
with this block. Alternative hypotheses have not been 
discarded. 
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THE Ca EXCRETION INDEX - A NEW PARAMETER FOR METABOLIC 
STUDIES UTILIZING Ca*?. Felix Bronner, Paul D. Saville* 
and James A. Nicholas*. Hospital for Special Surgery and 
Cornell University Medical College, New York, N.Y. 

The oumplenities of interpreting metabolic studies uti- 
lizing Ca4> have led us to use a new parameter to measure 
the effect on Ca metabolism of treatment (e.g. with estro- 
gens)or of procedures like immobilization. In our studies, 
intake and output of Ca, P, and N are measured in control 
and treatment periods. The urinary Ca excretion index is 
defined as a group of three numbers, i.e. the 6-day cumu- 
lative urinary Ca 5 excretion following a parenteral dose 
of tracer, cumulative Ca40 excretion in the same 6 days, 
and their ratio. This parameter has these advantages: (a) 
it provides for ready comparison between control and 
treatment periods, and between patients; (b) analysis of 
changes in Ca45 and Ca*0 excretion separately and as the 
ratio allows a distinction to be made betwee: unlabeled 
Ca from skeleton undergoing resorption, or from food, and 
labeled soft tissue and ECF Ca; (c) it is wholly experi- 
mental, thereby avoiding the technical and theoretical un- 
certainties inherent in a kinetic approach based solely 
on analysis of serum samples. It has the disadvantage of 
not revealing differences in rates, but if fractional 
urine samples are collected, curves can be constructed to 
show rate changes. 
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The Transfer of Inorganic Phosphate Across the Intestinay 
In Vitro As Affected by Vitamin D and Calcium, Harold By ty! 
rison and Helen C, Harrison, Baltimore City Hospitals and 
Johns Hopkins Univ. School of Medicine, Baltimore, Marylanj 
The transfer of inorganic phosphate across the intesting} 
wall as measured by the development of a concentration diffe. 
rence between a solution on the serosal side of the intes 
wall and that on the mucosal side has been studied in vitro y 
the use of everted loops of rat intestine. When the 
tions are incubated in KeH buffer with 95% 02, 5% CO2 as the 
gas phase a considerable concentration difference is deve 
by loops from all parts of the small intestine except the te, 
minal ileum, The concentration difference is abolished by 
cyanide or incubation in 95% Nz, 54 C02. Intestinal loops 
vitamin D treated rats develop a much greater concentration 
difference than those from vitamin D deficient animals, Th 
concentration differences developed by the everted loops of t 
rachitic rats and the effect of vitamin D are diminished inj 
absence of calcium, It is suggested that the primary actiong 
vitamin D is to facilitate the entrance of calcium into the 
cell and that the energy dependent transport of phosphate re. 
quires the presence of calcium, Phosphate transport may the, 
vary with the concentration of calcium in an intracellular 
compartment, (Aided by a grant, A668, from the NIH), 
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ADAPTATION OF YOUNG ADULT MALES TO A DIET LOW IN CALCIUM, 
J. 0. Holmes, B. V, McKey*, H. F. Johnson*, D, Navarrete*, 
C. Loomis*, and G. L. Borchers*. Dept. of Home Economics, 
Univ. of Illinois, Urbana. 

A 75-day study divided into 5-day metabolic periods was 
conducted on 6 young adult men fed a natural-food diet contri. 
buting 400 mg. of Ca, 1012 mg. of P and 225 mg. of Mg./day. 
During periods 1-7, 540 mg. of P was added as H3PO, and duriy 
periods 8-15, 323 mg. of P in the form of tint protein foot 
replaced the H3P0,. 100 mg. of Mg. as MgCO3 was given to 3d 
the subjects during periods 8-11 and to the other 3 during 
periods 12-15. During the early periods, the combined uriny 
and fecal Ca exceeded the Ca intake in all subjects. However, 
by the 15th period, Ca losses in 3 of the subjects had de- 
creased to values that did not exceed the intake, the decreas 
having been effected by a statistically significant decrease 
in fecal excretion. In two subjects significant Ca losses 
continued throughout the study, with urinary Ca tending to 
increase as the study progressed. The sixth subject likewise 
showed no indication of adaptation; although fecal Ca was d& 
creasing, urinary Ca tended to increase during the study. 
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Ca-45 AND P-32 METABOLISM IN DAIRY COWS WITH REFERENCE 10 
PLASMA AND MILK ULTRAFILTRATES. T. H, Kamal” end R. G. 
Cragle’. UT-AEC Agri. Res. Lab., Oak Ridge, Tennessee 
Ca-45 and P-32 were injected intravenously into two lat 
tating Jersey cows. After one hour the concentration of 
plasma and milk ultrafilterable (UF) Ca-45 was 
30% of total Ca-l45 in plasma and milk and the concentration of 
milk UF P-32 was about 40% of total P-32 in milk. Maximm 
specific activity of milk UF Ca-45 and P-32 coincided in tim 
(3 hours) with that of milk total Ca-45 and P-32. The specifi 
activity of P-32 in plasma UF was equal to that of plasm 
total P-32 during the first 3 hours and thereafter it was 6h 
of the plasma total P-32 activity. While the endogenous 
excretion of Ca-k5 was detected appreciably in feces within! 
hour P-32 did not appear in feces until 5 hours after dosing. 
During the first 3-4 hours Ca-45/P-32 ratio increased in mill, 
plasma, and urine and thereafter decreased in these fluids # 
well as in feces. Part of the injected Ca is transformed 
directly after injection to nonultrafilterable form possibly 
due to its binding with plasma protein, while P is utilized 
first by tissues as soluble inorganic P and then fed back # 
the blood in various forms. There was a greater delay in 
endogenous excretion of phosphorus than calcium in feces. 
This study suggests that plasma UF Ca and P are the main 
precursors of milk Ca and P. 
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EFFECTS OF DIETARY CA:MG:P RATIOS ON MINERAL UTILIZATION IN THE 
paT. R.M. Forbes. Department of Animal Science, University 
of Illinois, Urbana, Illinois. ; 

Forty rats were employed in a 4-week growth and mineral 
balance trial. The casein-glucose basal diet contained 0.40% 
ca, 140 ppm Mg, and 0.2% P. Ina 3? factorial design the 
higher concentration of Ca, Mg and P were 0.8%, 450 ppm and 
0.6%. Collections of excreta were made during the 2nd and 4th 
weks. The following main findings may be cited: Weight gain 
was markedly depressed by Ca, was increased by P, especially 
in presence of high Ca, was slightly improved by Mg. Visible 
symptoms of Mg deficiency were produced most readily on high 
Ca-high P diet and were alleviated by Mg. Ca balance (mg) was 
improved by P at both Ca levels and was depressed by Ca at low 
Mg-low P levels. Mg balance (mg) was increased by Mg and by P 
and was especially decreased by Ca, on low Mg diets, The Ca 
effect was slight on high Mg diets. P balance (mg) was increas- 
ed by Mg except in presence of low Ca and high P. The data 
indicate Ca to be more detrimental to Mg utilization than is P 
within the ranges employed and that rate of gain is an important 
factor in development of visible symptoms of Mg deficiency. 
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AN EFFECT OF CALCIUM IN THE PARTIAL REVERSAL OF BETA AMINOPRO- 
PIONITRILE TOXICITY IN THE CHICK. Edward C. Naber and Una-~ 
belle Be Blackwood.* Dept. of Poultry Science, Ohio State 
miv., Columbus, Ohio. 

Mono beta amino propionitrile fumarate (BAPN) produces con- 
nective tissue disorders that are apparent in the blood ves- 
sels and skeleton. On the hypothesis that BAPN may be a com- 
petitive antimetabolite, studies were undertaken to evaluate 
compounds for their ability to reverse BAPN toxicity. Pre- 
vious work (Poultry Sci.38: 1232,1959) indicated that d-cal- 
cium pantothenate was partially effective in reversing BAPN 
toxicity in the chick embryo. In the present experiments 
BAPN and other compounds were injected into developing em- 
bryos or growing chicks and fed to growing chicks. The re- 
sults show that beta alanine, d-panthethine, and coenzyme A 
did not reverse BAPN toxicity. Coenzyme A concentration of 
livers from embryos given massive doses of BAPN was not re- 
duced when compared to untreated embryos. A partial reversal 
of BAPN toxicity was obtained when embryos were injected with 
calcium as pantothenate, gluconate, or chloride. Experiments 
with young chicks have also shown that calcium as gluconate, 
pantothenate or carbonate and phosphate reduces leg abnormal- 
ities induced by BAPN. Thus it appears that calcium but not 
pantothenic acid has a partial effect in reversing or modify- 
ing BAPN toxicity. (Supported by PHS Research Grant 5760.) 
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THE EFFECTS OF NORMAL FOOD AND SEMI-SYNTHETIC DIETS ON 

URINARY EXCRETION OF CALCIUM AND PHOSPHORUS, N. J. Marshall*, 
V.M. Vivian* and M. B. Patton. Ohio Agr. Exp. Sta., Columbus, 
Ohio, 

Ca and P urinary levels of 5 college women were determined 
daily to observe variations due to type of diet consumed. The 
experimental periods consisted of: (1) 6 days on normal food; 
(2a and 2b) 5 and 4 days respectively on semi-synthetic food; 
(3a and 3b) 5 days each on semi-synthetic with lysine 
testricted; and (4a and 4b) 5 days each identical with 2a and 
2. Urinary Ca varied significantly within but not among 
Periods. Ca retention was greater on semi-synthetic than on 
Normal foods. Urinary excretion of P varied significantly 
among but not within periods. When subjects changed from 
Normal to semi-synthetic foods urinary P excretion increased 
and fecal P decreased but balances did not change. On the 
Semi-synthetic diets differences in urinary P in "a" and "'b" 
Periods were significant; between 2a and 4a (same diet), 
significant; and between 3a and the mean of 2a and 4a, signi- 
ficant. Balances reflected these changes since fecal excre- 
tion remained fairly constant. P balances in the "b"' periods 


were similar indicating that the immediate response to change 
in diet did not persist. 
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EFFECT OF EXCESSIVE DIETARY PHOSPHORUS ON ca5 AND p3@ 
ABSORPTION IN ADULT RATS. \C.B. Ammerman, J.P. Feaster*, L.R. 
Arrington and G.K. Davis. Univ. of Florida, Gainesville, Fla. 
Sixty male rats averaging 385 grams body weight were 
allotted to trio groups according to weight and equalized trio 
fed for 90 days. Two rats of the trio were fed a high phos- 
phorus diet (1.8% inorganic P; Ca:P ratio, 1:4) while the 
third rat was fed a lower phosphorus diet (0.45% inorganic 
P; Ca:P ratio, 1:1). Rats on each treatment lost an average 
of 10 grams body weight. Following the feeding period, the 
rats were dosed orally 2, hours after a regular feeding with 
74 uc. P32 and 6 uc. Ca‘? in solution. One-half of the rats 
receiving the high phosphorus diet were changed to the low 
phosphorus diet 48 hours prior to dosing. Rats were sacrificed 
1/4, 5, 24 and 96 hours following dosing and samples of 
muscle, liver, heart, kidney, and b were oved for deter- 
mination of isotope uptake. Both Ca’? and were absorbed 
to a lesser degree when the high phosphorus diet was fed. 
Switching rats from the high to the h phosphorus diet 48 
hours prior to dosing resulted in Ca‘? and absorption 
intermediate between the high and low phosphorus groups. 
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TISSUE BUFFERING IN RAT SMOOTH MUSCLE AND MYOCARDIUM. 
Terence A. Rogers and Karen Koll.* Dept. of Physiol., 
Stanford University, Stanford, California. 

The infusion of HCl or ammonium chloride into an intact 
animal leads to a rise of serum potassium concentration 
(Swan, R. C. and R. F. Pitts, J. Clin. Invest. 34: 205, 1955) 
After incubation in nutrient media made acid by added HCl, 
rat and frog skeletal muscles contain less potassium and 
sodium than control muscles incubated at physiologic pH 
(Rogers, T.A,, Am. J. Physiol. 191; 363, 1957). ‘The displace- 
ment of intracellular cations is presumably consequent to the 
intracellular buffering of excess H*ions. The roles of 
smooth muscle and myocardium in this buffering mechanism were 
investigated. For smooth muscle, the paired uterine horns 
from 150 gm rats were incubated in bicarbonate-COo buffered 
Krebs-Ringer solutions at pH 7.4 and 6,8. Potassium was 
displaced from those in the acid medium, but to a less 
marked degree than with rat hemidiaphragms. The right 
ventricles from 150 gm rats were bisected and the paired 
portions similarly incubated ar pH 7.4 and 6.8. The results 
were opposite to those observed with smooth and skeletal 
muscle; the myocardial tissue incubated in the acid medium 
contained more potassium than that incubated at pH 7.4. This 
is of interest in considering the changes of tissue excita- 
bility in acidosis. 





Physiology 
BOUND SODIUM IN GLYCERATED SKELETAL MUSCLE. Rosemary Susat* 
and John C. Vanatta. Dept. of Physiology, Univ. of Texas 
Southwestern Med. School, Dallas, Tex. 

Ohr (The Physiologist:1,58,1958) found that in glycerated 
frog skeletal muscle 5.5 meq Na/kg is not removed by any KCl 
solution up to 0.16 Min 5 hrs. In this laboratory shredded 
rat skeletal muscle was extracted with 50% glycerol-H,0 at 
-20° c. for 2 or 5 days followed by extraction in 0.08 M KCl 
for 5 hrs at 4° Cc. This muscle contained 2.96 meq Na/kg after 
2 days in glycerol and 5 hr in KCl and 1.00 meq Na/kg after 5 
days in glycerol and 5 hr in KCl. Increasing the time in KCl 
to 16 hrs did not further decrease the Na content. If the 
muscle was further extracted with deionized HO for 16 hr, 
the Na content decreased to less than 0.20 meq Na/kg. The 
Na contained after KCl extraction must represent a specific 
binding of Na by protein. Since ether soluble compounds which 
bind Na have been observed in this laboratory, the muscle 
after 50% glycerol and KCl extraction, was extracted with 
ether. Less than 25% of the Na present was ether soluble. 
Since 50% glycerol has a calculated osmolarity of 5,435 mosm/1 
and 0.08 M KCl an osmolarity of 160 mosm/1, the observation 
that Na is extracted by H,O suggests an osmotic effect either 
upon the protein or on some intracellular membrane, which is 
disrupted by the H,O imrersion. (Supported by USPHS postdoct 
fllwshp #GF12,835 and NHI grant H-1574 C-6.) 
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PORTAL VEIN HYPERKALEMIA CAUSED BY VASOPRESSOR DRUGS 
Philip J. Shea* and Maynard B. Chenoweth, 
Biochemical Research Laboratory, The Dow Chemical 
Company, Midland, Michigan 

Femoral vein injections of 50-150 milliunits/ 
kgm. commercial vasopressin solutions into dogs an- 
esthetized with sodium pentobarbital or morphine 
chloralose produce a rise in systemic arterial pres- 
sure. This is associated with a marked increase in 
portal venous blood plasma potassium content. The 
hyperkalemia lags behind the pressor effect and 
persists after the pressure has declined. No cor- 
relation between systemic or portal plasma potassium 
levels and amplitude of pressor response has been 
detected. Systemic venous and arterial blood plasma 
potassium levels do not reflect much, if any, of 
this change, although the potassium largely passes 
through the liver. A similar effect is produced by 
l-nor-epinephrine, 5 microgms. base/kgm.; 1l-epine- 
phrine, 5 microgms. base/kgm.; natural angiotensin, 
10 units/xkgm.; but not by commercial oxytocin sol- 
utions, 150 milliunits/kgm. No significant varia- 
tion in sodium levels occurred in these experiments. 
The portal plasma hyperkalemia is not modified by 
splenectomy or atropinization, 1 mgm./kgm. 





Pathology 


RENAL FUNCTION AND STRUCTURE IN MAGNESIUM DEPLETED 
RATS. W. O. Smith#A. Lindner, D. Baxter*and T. Kutkam.* 
VA Hosp. and Univ. of Okla. Sch. of Med. 

Magnesium depletion was induced in 30 female Holtzman rats by a 
magnesium deficient diet and renal function and structure compared to 
30 pair fed controls. Potassium intake was adequate. Pronounced de- 
fects appeared in several parameters of renal function studied. By the 
end of the second week maximal urine concentration with vasopressin 
and H2O deprivation decreased to 2,046 + 268 mOsm./L. in the defi- 
cient group but remained at 2,885 + 243 mOsm./L. in the control 
group (p < 0.001). A defect in urinary acidification was observed by 
the second week. At this time the deficient animals showed little 
change in urinary titratable acid in response to an NH4Cl load. A 
marked, persistent phosphaturia was also noted in the Mg. depleted 
rats, as well as alterations in urinary Mg. and Ca. Serum and muscle 
Mg. decreased significantly but tissue K was not altered. Histochem- 
ical examination revealed the following changes in the tubules of Mg. 
depleted rats: clumping and disruption of mitochondria, a decrease in 
activity of succinic dehydrogenase and a decrease of RNA per cell. 
These findings suggest that with Mg. depletion the succinic dehydro- 
genase and RNA are no longer bound to a protein framework, leading 
to functional and structural changes. 
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MAGNESIUM DEFICIENCY IN THE LAYING HEN. Hardy M. Edwards, Jr. 
and Denis Nugara*. University of Georgia, Athens, Georgia. 
Magnesium deficiency in the laying hen was studied using an 
isolated soybean protein-glucose monchydrate type purified diet. 
Forty hens were divided into four dietary treatments for this 
study. These were: basal 0.6% P, basal 0.6% P 4 0.0h% Mg, 
basal 1.2% P, and basal 1.2% P 4 0.04% Mg. The hens receiving 
the basal 1.2% P diet began to cease producing eggs after 
receiving this diet for approximately 15 days on dietary 
treatment. Egg production for the experimental period of 30 
days for the four groups listed above was: 23%, 30%, 10% and 
62%, respectively. Distribution of Mg-28 in the Mg deficient 
and supplemented hens was studied. The soft tissues from the 
deficient hens contained more Mg-28 than the soft tissue from 
supplemented hens, while in the bones this was reversed. Con- 





centration of Mg-28 in the tibia was as high as in some soft 
bones; this was unexpected since we have found in other experi- 
ments that there is a more rapid loss of Mg from the soft bones 
(in contrast to the tibia) by hens receiving a deficient diet. 
(Supported by a grant from the Atomic Energy Commission.) 
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EFFECT OF CALCIUM AND PHOSPHORUS ON MAGNESIUM METABOLISM Ty © 
CHICKS. Denis Nugara* and Hardy M. Edwards, Jr. University 
of Georgia, Athens, Georgia. 

The effect of high levels of Ca and P in the diet upon the 
growth, mortality and mineral deposition in the tibia of 
chicks receiving suboptimal and adequate levels of Mg has beg 
studied. High levels of both Ca and P (2.4% and 1.2%, respem: 
tively) were found to cause decreased growth rate and high — 
mortality when suboptimal levels of Mg were present in the 
diet. The detrimental effect of high P was much more severe, 
The level of dietary Mg had no observable effect on the quam 
tity of Ca, P or ash found in the tibia. However, the level ¢ 
dietary Mg, Ca and P significantly influenced the quantity of 
Mg present in the tibia, the high levels of Ca and P causingg 
decrease in the quantity of Mg present in the tibia. The ley) 
of Ca and P in the diet did not appear to cause marked 
in the plasma Mg. Studies on the absorption of orally admini. 
stered Mg-28 indicate that P interferes with Mg metabolism at 
the absorption site. Increasing the Ca level in the diet 
decreased the deposition of Mg-28 in the bone; however, the 
blood picture was variable and it was, therefore, impossible 
to localize the Ca effect. (Supported by a grant from the 
Atomic Energy Commission) 
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INFLUENCE OF DIETARY SODIUM LEVELS UPON MATERNAL AND FETAL TIS 
SUES AND FLUIDS IN THE DEOXYPYRIDOXINE-FED RAT. Avanelle Kirk 
sey,” Ruth L. Pike and Jacqueline Callahan.* Department of 
Foods and Nutrition, Pennsylvania State Univ., University Park, 
Pregnant and non-pregnant rats received 2.0 mg% deoxypyri- 
doxine and 1 of 3 levels of dietary sodium (1.4, 6.3, or 54.8 
mEq/100 gm) during pregnancy or for a 3-week period. Pyridox- 
ine-fed animals served as controls. Na and K balances, hema- 
tocrit, total plasma protein and plasma Na and K levels were 
determined weekly using ultramicro samples. At term individ- 
ual samples of maternal muscle, bone, brain, and of placenta, 
amniotic fluid, and total fetus were analyzed for Na and K, 
Deoxypyridoxine-fed animals had negative sodium and potassium 
balances, decreased muscle sodium and Increased muscle and 
brain potassium levels. Sodium and potassium concentrations 
of plasma and bone were not significantly affected by deoxy- 
pyridoxine. Both hematocrit levels and hemoglobin concentra- 
tions were decreased in the deoxypyridoxine-fed groups. Pla 
cental/fetal ratios and potassium concentration of amniotic 
fluid were elevated in the deficient groups; but, sodium con- 
centration of amniotic fluic, and sodium and potassium levels 
in fetus and placenta were comparable to control values. Som 
adverse effects due to deoxypyridoxine during pregnancy were 
intensified by dietary sodium restriction and partly alleviated 
by diets high in sodium. (Supported by The Nutrition Founda- 
tion, Inc.) 
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MOVEMENT OF FLUORIDE ACROSS THE GASTRIC MEMBRANES. 
William C. Foster and James P. Rush. * Lab. of 
Physiology Research, Misericordia Hosp., Phila, Pa. 
the ingestion of fluoride and its conseq- 
uences have become problems of great concern. It 
was thought important to investigate the movement 
of the fluoride ion across the gastric membranes 
in en in vitro system. Adult Wistar-strain al- 
bino rats fasted 24 to 48 hours froma diet of 
laboratory chow and tap water ad libitum were sac- 
rificed and the stomachs extirpated. rhe es8o- 
phageal end of the stomach was tied and a glass 
cannula was inserted into the pyloric ovening and 
tied. the preparation was then immersed into a 
begker of Krebs-Ringer phosphate solution kept at 
37° Cc. A mixture of 95% 02 and 5% oe aerated 
the bath. Solutions of sodium fluoride were in- 
stilled into the cannula, and samples of the im- 
mersion medium were withdrawn hourly. When 0.00 
fluoride was instilled into the stomach, 44% of 
the fluoride crossed the membrane during the firet 
hour, and 58% in the second hour. (Supported by 
the n.I.D.R., Grant D-930.) 
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Biochemistry 


ON OF RADIOSELENITE BY BAKER'S YEAST. 
spi Klaus Schwarz. National Institutes of Health, 
Mery. 

The 


Tuve* 
sda 14, 


which convert selenite to organically bound 

factor 3-selenium are not known. sap, 's yeast, incu- 
pated with glucose, incorporates Na,Se!70 (1 pe Se per g wet 
veight) until the radioselenite is exhausted. Aliquots of the 
cell suspension were collected on Millipore filters to measure 

ion. About 7% of the totel Se was cold-trichloro- 
geeticeacid (TCA) soluble, while the remainder was firmly 
pound to insoluble materials. Employing solvent systems 
commonly used for amino acid analysis, two-dimensional paper 
chromatography of the TCA-soluble fraction showed at least two 
redioselenium components. Component I had Rp values similar 
to those of Se tetracysteine. Component II has not yet been 
identified, but is known not to be selenite, selenate, seleno- 
cystine, selenomethionine, or Se tetraglutathione. Enzymatic 
and acid hydrolysates of the insoluble fraction showed no 
selenomethionine or selenocystine, in spite of the high degree 
of binding. The major component (III) of these hydrolysates 
noved with the solvent fronts. Compounds migrating like II 
ani III also were detected as main components of rat 
after intraperitoneal injection of 5 yg of Se as NaSe'~03. 
Component II was found in the TCA extracts of liver and 
kidney homogenates. 
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INFLUENCE OF DESOXYCORTICOSTERONE TRIMETHYLACETATF AND CHLORO- 
THIAZIDE ON THE METABOLISM OF CESIUM-137 IN THF RAT. B. V. 
Rama Sastry”, M. T. Bush and G. R. Meneely#* Depts. of Pharma- 
COLOgy as Medicine, Vanderbilt Univ., Nashville, Tenn, 

Since desoxycorticosterone trimethylacetate (DOC) and 
chlorothiazide (CTA) cause hypopotassemia and cesium ion has 
a close physiochemical similarity to potassium ion, the in- 
fluence of these drugs on the metabolic patterns of cesium-137 
were investigated. The experimental animals received Cs-137 
(11,35 ue/kg I.P.) and the drug (DOC 12.5 mg/kg S.C. or CTA 
50 mg/kg/day I.P.). The control animals received Cs-137 only. 
The daily excretion of Cs-137 during one week and the distri- 
bution of Cs-137 on the eighth day were determined. The re- 
sults indicate that 1) the largest total quantity and the 
highest concentration of Cs-137 are deposited in the skeletal 
mscle, 2) DOC and CTA increase the retention of Cs-137 in the 
skeletal muscle (gastrocnemius), while their influence on the 
urinary excretion is insignificant, and 3) the high concentra- 
tions of Cs-137 in the skeletal muscle and other soft tissues 
are achieved in the treated and untreated animals against low 
concentrations of Cs-137 in the blood, The data indicate that 
once Cs becomes associated with a tissue, it is bound in part 
as a complex. (Supported by Army Contract No. DA-l9-007-MD- 
995 and American Cancer Society Grant IN-25A.) 
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THE APPLICATION OF THE SCHONIGER COMBUSTION METHOD TO THE DE- 
TERMINATION OF SELENIUM, IN TISSUE AND BIOLOGICAL FLUIDS. H.-H. 

*, JV. Comunale’, A. Washington’, and A.T. Milhorat. 
Institute for Muscle Disease, New York, N.Y. 

Recent demonstration of the importance of Selenium as a 
trace element in the integrity of muscle and other tissues has 
emphasized the need for satisfactory analytical methods. A 
serious difficulty encountered in the determination of Selen- 
ium in biological specimens is the partial or total loss of 
the element in any open ashing procedure. We thought that 
ashing in a closed system with absorption of the volatile 
Selenium might permit quantitative recovery. The Sch&niger 
combustion method proved to be satisfactory. The substance 
is ignited in an oxygen filled, closed flask containing ap- 
propriate absorption liquids. Another advantage of this pro- 
cedure is the omission of any ashing solution, thereby avoid- 
ing the introduction of other elements that could increase the 
values of the blank determination. The most recent methods 
for the colorimetric and fluorometric determination of Selen- 
ium take advantage of the specific reaction of Se4 with 3,3- 
diaminobenzidine, and while other ashing procedures convert 
Selenium to Se6 and require reduction to Se*, the combustion 
in the Sch8niger oxygen filled flask leaves the Selenium in 
its tetravalent state. Supported by a grant from Muscular 
Dystrophy Associations of America. 
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TISSUE DISTRIBUTION STUDIES OF 2n55 AND Zn©5-CHELATES IN MICE. 
F. Stand,* G. Williams,* H. Hart,* B. Rosoff* and H. Spencer.* 
Montefiore Hospital, New York. 

The distribution of zinc differs in normal and cancerous 
tissues of animals and man. This stimulated an investigation 
into the distribution of ionic zinc and zine chelates in mice 
using 2n65, Uptake and distribution of intravenously injected 
7n65C12 was measured at $, 1, 4, 8 and 24 hours, of Zn°5-DTPA 
at land 24 hours and of ZnO5-EDTA at 24 hours. When 2n®5tlo 
was injected, the uptake was highest in pancreas, rising to a 
peak of 35% per dose per gram/wet tissue at 4 hours and de- 
creasing to 14% at 24 hours. High uptake also o¢curred in 
liver, .spleen, kidney and in intestinal wall. relative 
digtribution does not seem to be affected when Zn°>-EDTA or 
Zn°D-DTPA are injected although the high excretion of the 
chelated zinc leads to low concentration in the tissues, The 
excretion of 2n65¢lo was 24% of the dose in 24 hours as com- 
pared with 83% for 2Zn°5-DTPA and 69% for ZnO5-EDTA. Since 
this excretion is lower than would be expected from the sta- 
bility constants of the zinc chelates, it is possible that 
certain body constituents are able to compete successfully for 
the zinc. (Supported by a grant from the U. S. Public Health 
Service. ) 
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MANGANESE IN HUMAN BLOOD AND SERUM, P.S. Papavasiliou* and 
G.C. Cotzias. Medical Research Center, brookhaven National 
Laboratory, Upton, L.I., New York. 

We have reported last year a method for determining 
manganese in biological fluids by means of neutron activa- 
tion (Federation Proc, 19, A-250-14, 1960). The accuracy and 
specificity of this procedure are now ascertained, The 
method was refined to yield a precision of - 3.4% with 0,1 ml 
samples of serum containing 0,261 mag of Mn, Sera from 9 
normal individuals showed little diurnal variation and con- 
tained 2,05 to 2.78 {wg of Mn per Liter, Normal blood varied 
from 9,61 to 12,1 wg of Mn per Liter. One patient was fed 
2.0 g of MnSO04 for one year: her blood contained 44g of Mn 
per Liter while her serum contained only 2.9 fs per Liter, 
The blood manganese was non-dialysable and nonsequestrable 
with EDTA, 
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THE EXTRACTION OF ZINC COMPOUNDS FROM SESAME MEAL AND THEIR 
AVAILABILITY TO THE CHICK. D. E. Turk* and J. G. Lease.* 
Clemson College, Clemson, S. ©, 

Sesame meal with a high Zn content (117 ppm), and a high 
Zn-binding capacity was stirred with aqueous HCl at pH 1 for 
2) hours, filtered, and re-extracted twice. Neutralization 
of the filtrate produced a white Zn-containing precipitate 
(X). The treated meal had a residual Zn content of 8 ppm 
which was not reduced by further extraction. X had 000 ppm 
Zn when re-precipitated to a constent analysis. XI contained 
59.4% ash and organic material devoid of N. Chicks fed the 
acid-extracted sesame meal, neutralized with NaOH, showed 
deformed hocks intermediate between those of chicks on the 
original sesame meal and soybean oil meal. The Zn in X 
was unavailable to the chick. On dialysis of the original 
sesame meal against N/10 HCl, Zn did not appear in the 
dialysate. On similar dialysis of I, Zn was found in the 


dialysate, suggesting that the Zn in the original meal 
was supplementally bound to a high molecular weight sub- 
stance. 











Nutrition 


THE EFFECT OF ZINC DEFICIENCY ON THE CONTENT OF PYRIDINE 
NUCLEOTIDES IN CHICK AND RAT LIVERS. M. L. Wu Chang, R. M. 
Forbes, H. M. Scott and B. Connor Johnson. Department of 
Animal Science, University of Illinois, Urbana, Illinois. 

It was found that the level of pyridine nucleotides in the 
livers of zinc deficient chicks varied from 153 to 352 ug com- 
pared to 399 to 552 ug per gm of liver from chicks fed the: 
same diet plus 0.01% ZnCo,. C!‘-nicotinic acid was adminis- 
tered intraperitoneally to both deficient and normal chicks 
at levels of 0,15 mg, 1 mz and 1.5 mz per chick. Twenty-four 
hours after injection the retention of nicotinic acid in terms 
of radioactivity per gm of liver was twice as high in zinc- 
normal as in zinc-deficient chicks. Similar differences were 
found using Zn-deficient and normal pair-fed rats. In addi- 
tion, Zn-deficient rats excreted much less N-methyl-4-pyridone- 
5-carboxamide, a major metabolite of nicotinic acid, than did 
normals, These results indicate that zinc is an actual con- 
stituent of DPN and/or TPN containing enzymeswith which it 
functions, such as alcohol dehydrogenase. 
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LIVER COPPER AND MOLYBDENUM CONCENTRATIONS OF RATS FED 
MOLYBDENUM AND SULFATE. G. L. Brinkman* and Russell F. 
Miller. Dept. of Biochem. and Nutr., Va. Polytechnic Inst., 
Blacksburg, Virginia 

The results of this study indicated there was no simple 
correlation between liver Cu or Mo levels and weight gain of 
Mo and sulfate fed rats; therefore, the alleviating effect of 
sulfate is not through a simple lowering of liver Mo and Cu 
levels. Liver obtained from these rats was fractionated 
into three centrifugal fractions (nuclei and debris; 
mitochondria; microsomes and supernatant). In the livers of 
control rats (-Mo) the Cu appeared to be concentrated (>65%) 
in the microsomal and supernatant fraction (nuclei and 
debris <15%; mitochondria 20%), while in the liver from Mo 
fed rats more Cu was found in the nuclei and debris (27%) and 
mitochondria (27%) fractions and less in the microsomes and 
supernatant (<50%). The Mo was usually found to be 
concentrated (>70%) in the microsomes and supernatant (nuclei 
and debris <15%; mitochondria 15%). The feeding of sulfate 
had little or no effect on the distribution of Cu or Mo. In 
further studies a microsomal fraction was ag oy It was 
pana contain very little of the total Cu (<11%) or Mo 


Nutrition 


MOLYBDENUM TOXICITY IN THE DEVELOPING CHICK EMBRYO. 
Paul D and Russell F. Miller. Dept. of Biochem. 
and Nutr., Va. Polytechnic Inst., Blacksburg, Va. 
Molybdenum as Na2Mo0,°2H20 was injected into the yolk sacs 
of developing chick embryos using standard virological 
techniques. The lethal level of Mo for 168 hr. embryos was 
found to be 0.50 mg Mo/egg. There was a decrease in the 
lethality of the injected Mo as the embryonic age increased. 
Embryos of 96 hrs. incubation were used to determine the 
effects of the concomitant injection of other salts with the 
sodium molybdate. Non-lethal doses of Na,SO, injected with 
the lethal dose of Mo were found to spare over 50% of the 
embryos. This sparing action was demonstrated to a lesser 
extent by NaCl, KCl and K,S0,. A level of CuCl, that itself 
was partially lethal, when injected with the lethal dose of 
Mo, spared some of the embryos. To investigate this sparing 
action and to estimate the lethal embryonic Mo content, 
embryos were sacrificed daily and analyzed for Mo. The lethal 
embryonic Mo content was approximated as 100 yg Mo/embryo at 
3 days post-injection. Embryos that were spared by the 
concurrent injection of Na2S0,, NaCl, and CuCl, contained 
lesser quantities of Mo. 
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Nutrition 


Mo-99 IN SWINE FED HIGH LEVELS OF CALCIUM. R. G. Buescher” 
and M. C. Bell, UT-AEC Ag. Res. Lab., Oak Ridge, Tennessee — 
Studies were conducted with 18 crossbred barrows, weigh 
ing 49 lbs. initially, fed a corn-soybean meal ration for tw 
weeks prior to oral dosing with 1 mc of Mo-99. Six pigs each 
were fed rations varying only in Ca, 0.6, 1.2 and 2.44, The 
highest concentration of Mo-99 in the blood was at 2 hours ~ 
after dosing and by 8 hours the concentration had declined to 
e@ minimal measurable level. The plasma portion was found to 
contain 65% of the total blood activity at 2 hours while at 
16 hours it had declined to 7%. The major pathway of a 
excretion was via the urine which amounted to 51% of the om) 
dose. By 8 hours, 20% of the dose had been excreted via the 
urine. After 24 hours 9% of the dose had been eliminated ip 
the feces and by 120 hours the total fecal excretion was 274 
of the administered dose. There were no differences due to 
calcium on absorption or excretion of Mo-99. Seventeen 
tissues were sampled upon termination of the metabolism 
The concentration of Mo-99 was relatively low and distributey 
throughout the body. The kidney contained the highest 
concentration of Mo-99 per gram. Concentration of Mo-99 in 
the liver was increased (P< 0.01) with increasing calcium, 
Absorption and excretion of Mo-99 was not affected by 
excessive calcium and the absorption was not dependent upon 
the body requirement. 


Nutrition 


EFFECT OF HIGH LEVELS OF DIETARY IODINE ON REPRODUCTION AND 
LACTATION IN RATS. L.R. Arrington, C.B. Ammerman, J.L. 
Hiwards, A.C. Warnick*, and GK. Davis. Univ. of Florida, 
Gainesville, Florida. 

Iodine as potassium iodine was fed in a ground lab chow to 
mature virgin female rats in graded levels of O to 2500 ppm 
from 12 days prior to breeding until sacrificed or lactation 
ceased. Increasing levels of iodine resulted in a linear de- 
crease in survival of the young at 5 days with essentially no 
surviving young in the 2500 ppm iodine group. Further studies 
with 2500 ppm dietary iodine indicated that conception rate, 
number of corpora lutea, implantation rate, and number of 
young born alive were not decreased. Examination of the 
young, body weight change and weight of stomachs suggested 
little or no milk secretion of the mothers. Transfer of 
young from high iodine mothers to control dams resulted in 
apparent normal development. Histological examination of 
mammary tissue from females fed iodine and sacrificed 1 to 4 
days prior to littering revealed epithelial development com- 
parable to control rats. Mammary secretion, however, was 
absent or markedly diminished in the iodine treated group. 





Nutrition 


TRON ABSORPTION, EXCRETION AND UTILIZATION BY CALVES. Sam k. 
Hansard and Lon EB. Foote*. Louisiana Agricultural Experinent 
Station, Baton Rouge, La. 

Iron absorption was investigated concurrently by the can- 
parative radiochemical balance method and the conventional 
iron-59 utilization procedure. Total blood, red cell ani ple 
sma volumes, hemoglobin, total iron and radioiron measurements 
were made routinely. Results of 36 trials with 12 growing 
calves on natural rations at 3, 16 and 40 weeks of age iniic- 
ated iron absorption ami retention to be greatest in calves 3 
weeks of age, with little difference between values for ani- 
mals 16 and if weeks old. Calves 16 weeks of age absorbed 
26.2% of 171 = 9 mg ingested fron but only 1/3 of this was ir 
corporated into RBC after 15 © 2 days. Unabsorbed 
iron was 73.0% and fecal endogenous levels were 3, 7 and % 
for calves 3, 16 ami 0 weeks of age, respectively. Young 
calves utilized 9.2% iron-59 dose in Hb formation but less 
thag 1/4 of the absorbed arene oe eee rye oe 

2 had inc e absorbed 
ibe. Ingueted fron was more efficiently utilised for RBC po 
duction than ingested iron. More valid predictions of tru 
iron absorption from RBC iron-59 utilisation were obtained 
from use of absorbed rather than conventional injected dose 
values. Wi age coments Eee yy a 
or calves absorbi and excre mg @ 
a th were calculated to be 6 mg/day. 
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Physiology 


CATION INTERACTIONS IN FROG MUSCLE. R. A. Sjodin. Biophysics 
tt, Univ. Maryland School of Medicine, Baltimore, Md. 






— The uptakes of radioactive tracer potassium, rubidium, and 
© cesium ions in frog sartorius muscle were found to be highly 
» weigh on the concentrations of unlabeled ions of these 
(208 hed species present. The purpose of the study was to find a model 
- each that satisfactorily describes these results quantitatively. Any 
» The nodel that assumes independent ion movements can only account 
hours for the results if it shows that, in each case, the unlabeled 
Lined to ions present have altered the electro-chemical potential grad- 
eye: ient for the tracer ions in such a way that the altered tracer 
ee movement is expected. It is not considered sufficient to mere- 
the ly state that the permeability coefficients are concentration 
oral dependent and vary in some unspecified manner. One theory that 
via ie assumes independent ion movements was applied and was unable 
= a quantitatively to account for the experimental findings. A 
jue to theory assuming non=independent ion movements was applied and 
on sho to describe the results quantitatively to within experi- 
= mental errors. The latter theory is based on the assumption 
zie of a limited number of entrance sites located at the cell sure 
, face, a collision between an ion and an available entrance site 
being a prerequisite for penetration into the cell. The three 
99 in fons studied are then supposed to compete for these sites to 
Ledum, yield the experimental findings. It is concluded that passive 
wen ion movements in frog muscle are non=independent. 
Physiology 
Natrisien VARIATION OF POTASSIUM FLUXES IN SMOOTH MUSCLE. Lloyd M. 
IN AND Barr* and Douglas B. Siders.* Dept. of Physiol., Univ. of 


Miche, Ann Arbor, Mich. 
‘ide, The proposition that stimulation of muscular tissue 
results, among other things, in an increased permeability to 


chow to potassium has been tested using preparations of two disimilar 
0 ppm smooth muscles, those from the dog carotid and dog intestine. 
tation The carotid smooth muscle preparations consisted of the 
ear dee intima, media, and perhaps half of the externa. The intesti- 
ally no nal smooth muscle preparations consisted of the circular 
- studies plus longitudinal muscle layers from dog jejunum. Continu- 
rate, ous monitoring of the K-42 in the muscle with a scintilla- 
of tion counter resulted in continuous uptake and washout curves 
he essentially the same as those obtained using discontinuous 
sted counting techniques. When intestinal or arterial muscles 
of are stimulated electrically or with histamine, KCl or Ba Clo 
d in the efflux of K-42 is increased. When arterial smooth muscle 
of is stimulated with epinephrine the efflux of K-42 is increased. 
1 to} The afflux of K-42 in both intestinal and arterial smooth 
t come muscle is apparently dependent on oxidative phosphorylation 
was since it is sharply reduced by DNP in these muscles. 
oup. Potassium movements in these smooth muscles conform to expec- 
tations based on data from nerve and vertebrate striated 
muscle. (Supported by grant A-3819 from the Natl. Heart 
Inst. P.H.S.) 
Physiology 
utrition e 
“xeitation Constants and Conduction Velocity of useles 
Sam L. from Normal and Congenitally Myotonic Goats, W, H, Herzoe*, 
or iment Dept, of Phar,, U, Cincinnati, Coll, of Med, 
Strength-duration curves of gastrocnemius muscles were 
> com= determined in vivo for normal and congenitally myotonic, 
onal RB curarized goats, Stimuli were delivered through non-polar- 
and ple izable Ag-AgCl electrodes, The log of the voltage required 
wrements to produce a given strength of contraction (measured with 
ring a strain gauge) was plotted against the log of the stimulus 
indic- duration, From these curves were determined the rheobases 
rlves 3 and the excitation constants (Hill's formulation), The 
> ani- rheobase of myotonic muscle was half that of normal muscle, 
rbed Pei while the excitation constant of the former was more than 
was twice that of the latter, Conduction velocity was similar 
ry in normal and myotonic anterior tibialis muscles, 
i (Supported by U,S.P.H.S, fellowship HF-9008-C2] 
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Nutrition 


MUSCULAR DYSTROPHY IN TURKEYS 
T. M. Ferguson and J. R. Couch 
Texas A and M College, College Station, Texas 

Poults were fed a casein-gelatin purified diet con- 
taining 10% ethyl linoleate (70%) or vitamin E-free lard 
in two experiments with 10 groups each. Methionine hydroxy 
analogue (MHA), Santoquin and vitamin E were supplemented 
to the basal diet in this study Light colored streaks 
were observed in the breast muscle of poults in groups fed 
no added E or Santoquin. Microscopic studies showed the 
light colored areas to be areas of muscular degeneration. 
Growth (5 wks.) was increased in groups fed the 10% fat 
diets when MHA or Santoquin were added as supplements. 
Growth response to Santoquin alone ranged from 95 to 188% 
over the basal When both MHA and Santoquin were present, 
increases from 146 to 200% over the basal were obtained. 
Vitamin E supplements had no effect on growth. Santoquin 
may function in some manner other than as an antioxidant. 
Santoquin and vitamin E prevented gross appearance of 
muscular degeneration. 
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Physiology 
ELECTROLYTE SHIFTS IN UTERINE SMOOTH MUSCLE ON INCUBATION. 
C.¥. Kao and H.R. Salomon*. Dept. of Pharmacology, State 
Univ. of N.Y. Downstate Med. Center, Brooklyn, N.Y. 

In isolated estrogen-dominated myometrium the H20, Nat, Kt 
and Cl” contents are respectively 799 g, 79 meq, 109 meq, and 
67 meq per Kg of wet tissue; in progesterone-dominated myome- 
trium, they are respectively 792, 83, 111, and 72. When such 
samples are soaked in Krebs'-HCO3~ solution bubbled with 
95% 02-5% C02, 30-50 meq/Kg of Kt is lost, the loss being 
greatest at about 20 minutes of soaking, and recovering 
slightly thereafter, but never completely even after 4 hours. 
At 20 minutes of incubation, the osmolarities lost in Kt is 
compensated by the osmolarities of Nat and Cl~ gained. The Cl~ 
gained remained relatively constant, while the Nat gained be- 
came progressively less throughout the remainder of the in- 
cubation period. The Nat and Cl~ were gained in excess of 
their concentrations in the water gained from the incubating 
medium. There is little difference between the changes oc- 
curring at 25° and those at 37° C, and between changes in 
estrogen-dominated and those in progesterone-dominated myome- 
trium. These findings indicate that in myometrium an ap- 
preciable fraction of Kt is probably actively retained, that 
the isolated myometrium is not hypertonic, and that probably a 
significant portion of Kt is inactive osmotically, and per- 
haps also electrochemically. (Supported by USPHS Grant A-1713) 


Physiology 


THE INTERACTION OF PHENYL NITROGEN COMPOUNDS AND ACETYLCHOLINE 
ON THE RUBIDIUM EFFLUX FROM FROG SARTORII. Raymond R.Wseh 
and Frances S. Urton.* Physiology Dept., Univ. Col ° 
School of Medicine, Denver, Colorado. 

Acetylcholine (at pS 2.5) greatly accelerates the efflux of 
radioactive rubidium from frog sartorii which have been treated 
with iodoacetate and cyanide. The trimethylphenylammonium 
cation, a moderately active anti-cholinesterase, as well as the 
free base, aniline, are ineffective in preventing or reducing 
the acetylcholine-induced acceleration of rubidium efflux from 
IAA-CN treated muscles. However N,N-dimethylaniline (at pS 2.5) 
is quite effective in reducing the acetylcholine-induced 
acceleration of rubidium efflux nearly to the IAA-CN control 
level. This latter observation seems to be in accord with a 
previous report that the tertiary analog of acetylcholine, 
dimethylaminoethyl acetate, is vastly more effective than 
acetylcholine in increasing the rubidium efflux from IAA-CN 
poisoned muscle at elevated pH -- when the preponderant form 
of dimethylaminoethyl acetate is the free base. The failure 
of aniline (pKa = 4.58) and the success of dimethylaniline 
(pKa = 5-21) in blocking the increased rubidium efflux by . 
acetylcholine may be due, in part, to the greater nucleophilic 
ar of dimethylaniline. (Supported by USPHS Grant No. 
B-1098. 





Biochemistry 


-D Sy 
Bs Le Strehler, Ms Ce Reporter, and e Gerontology 
Branch, NHI, NIH, and Baltimore City Hosps., Baltimore, Md. 
The yellow, fluorescent lipid component of the lipofuscin 
age pigment particles which accumulate during the normal aging 
of fixed post-mitotic cells is largely extractable into chloro- 
form methanol and is eluted from silicic acid columns with 20% 
methanol in chloroform as is cephalin and a fluorescent materi- 
al derived from it by rancidification (Mildvan & Strehler, Fed. 
Proce 1960). More gradual elution from silicic acid, however, 
yields a major fluorescent fraction containing phosphorus but 
no ninhydrin positivity or nitrogen and corresponding to phos- 
phatidic acide Resolution of crude lipofuscin lipid extracts 
into several fluorescent components has also been achieved by 
the application of pH gradient electrophoresis in organic solu- 
tion. Gas chromatography of methylated fluorescent fractions 
from silicic acid columns reveals a preponderance of palmitic 
and Cjg unsaturated acid esters. The fluorescent material, 
however, is retained by the columns. Centrifugally isolated 
age pigment particles are particularly rich in acid phospha- 
tase and cathepsin activities, but contain insignificant 
amounts of respiratory enzymese The amino acid constitution of 
protein hydrolysates derived from isolated lipofuscin granules 
has been determined. These chemical and enzymatic properties 
suggest a relationship between these particles and lysosomes. 


FURTHER STUDIES ON HUMAN CARDIAC AGE PIGMENT. 


Biochemistry 


THE BINDING OF NUCLEOSIDEPOLYPHCS PHATES TO ACTIN. A. Martoncsi.’ 
Retina Foundation, Bostcn, Mass. 

The binding of nucleosidepolyphosphates to G and F-actin 
was studied by ultracentrifugal sedimentation and Mg progs 
tation methods. At a free nucleotide ccncentration of 10-4 M, 
about 0.7 mole of ATP or ITP, and considerably lesser amounts 
of UTP, CTP, GTP, ADP, or IDP were bound to a mole of actin 
monomer. These differences suggest the involvement of both 
the triphosphate chain and the purine ring in the binding 
process. The polymerizability of actin was lost when ATP or 
ITP were replaced by equal concentrations (10™4 M) of UTP, 
CTP, GTP, ADP, or IDP. F-actin which was obtained by poly- 
merizing G-ITP actin contains firmly bound IDP. The binding 
of ATP to G-actin increases at acid and decreases at alkaline 
pH's. Preincubation for 30 minutes at pH 3.0 or 11.0 abolished 
the ATP binding at pH 7.0 as did the repeated precipitation 
at pH 4.75 in the absence of a nucleotide or heat treatment. 
The binding of ATP to G-actin was inhibited by salyrgan or 
Hg Clo at a 5:1 molar ratio, or by EDTA and other Ca complex- 
ing agents at a molar ratio of about 1:1, indicating the pos- 
sible participation of SH groups and the bound Ca or Mg of 
actin in the binding of ATP. The loss of ATP binding was 
accompanied by the loss of polymerizability in all these cases. 
(Supported by a-PHS research grant (B-2175)). 


Pharmacology 


RELEASE OF P°* AND MEMBRANE DEPOLARIZATION IN HIGH POTAS- 
SIUM SOLUTIONS. S. Miyamoto*, K. Koketsu*, and L.G. 
Abood# Dept. of Psychiatry, Univ..gf Illinois, Chicago. 
An increase in the release of P from frog sartorius 
muscles or spinal root nerves has been observed when the 
preparations are transferred from Ringer to K-rich or 
Ca-free Ringer or during electrical stimulation. This 
increase was precipitous and transient, suggesting the 
syupface phenomenon. Chemical analysis showed that the 
Pp" was continuously released in P-free Ringer from 
isolated muscles or nerves and consisigd of 80% inorganic 
P and 20% ATP. The increase in the P*” outflux, upon 
increasing external K, was mainly due to that in ths 
inorganic P outflux. The changes in the rate of P'” out- 
flux from sartorius muscles were analyzed by incneasing 
the external K concentration. It appears that the out- 
fiux of P is associated not only with contraction but 
also with membrane depolarization. Depolarization in 
general is accompanied by a loss of 8 brane Ca which is 
probably related to the outflux of P'". There is reason 
to believe that the phosphates of conductive .$issues are 
compartmentalized, and that the removal of PP" occurring 
during depolarization is primarily associated with the 
membrane. (Supported by USPH Grant B1650). 








226 MUSCLE—Contractile Proteins 
Physiology 
INHIBITION OF CONTRACTILE PROTEIN ATPase ACTIVITY BY 
EPINEPHRINE OXIDIZED VIA ADRENOCHROME. M. A. Inchiosa, p+ 
and A. Stone Freedberg, Dept. of Med., Harvard ica 
Dept. of Medical Research, Beth Israel Hosp., Boston, Mass. 
Adenosinetriphosphatase (ATPase) activity of contractile protein ex- 
tracts from bovine uterus is inhibited by epinephrine oxidized via adren 
chrome (Inchiosa and VanDemark, Proc Soc .Exp. Biol. & Med. 97:59, 
1958). Epinephrine itself caused no inhibition at concentrations studied 
(6x107> to 6x10" M)(ibid). Uterine "myosin" was extracted by 
published methods for extraction of actomyosin from rabbit skeletal 
muscle. This uterine preparation also catalyzed the oxidation of epi- 
nephrine via adrenochrome (Iinchiosa, Fed Proc .17:77, 1958). The oxi- 
dation products resulting from the catalyzed reaction have been sepa- 
rated from the uterine protein by high-speed centrifugation. The prote- 
in-free supernatant inhibits not only the ATPase activity of uterine 
"myosin" but also that of cardiac actomyosin (rabbit heart ventricles), 
At a given concentration of substrate and oxidized epinephrine, the in- 
hibition of ATPase activity is inversely related to the enzyme concen- 
tration. Using c!4 labelled epinephrine and chromatography of the ox 
dation products following the uterine catalyzed reaction, preliminary 
results have demonstrated at least one fraction with ATPase inhibitory 
activity. (Supported by PHS grant H4413.) 





Physiology 


STUDIES ON THE REMOVAL OF THE BOUND NUCLEOTIDE OF ACTIN. 
M. Barany , B. Nagy , F. Finkelman’ and A. Chrambach . 
Institute for Muscle Disease, New York. 

All the bound nucleotides of G-actin can be removed by 
three-fold charcoal treatment. (5 mg actin/mls 10 mg char- 
coal/mls 25°C; 30 min.) Parallel with the removal of its 
nucleotide G-actin loses its ability to polymerize, to form 
actomyosin at high ionic strength and to activate the myosin 
ATPase at low ionic strength. Similar treatment of F-actin 
has no effect either on its bound nucleotide or on these 
properties. The removal of the nucleotide from G-actin seems 
to be irreversible. This might be caused by the loss of the 
"functional" SH groups, which accompanies nucleotide removal, 
The nucleotide-free G-actin, however, still combines with 
myosin at low ionic strength. The Mgt+ activated ATPase 
activity of the nucleotide-free actomyosin is exactly the same 
as that of the myosin component alone. Interaction-inhibitors 
like EDTA and polyethylene sulfonate (Biochim. Biophys. Acta 
41:192, 1960), which inhibit specifically the Mg activated 
actomyosin ATPase produce a similar effect to that of charcoal 
Based on these findings it is assumed that the bound nucleo- 
tide of actin is involved in the Mgt+ activated ATPase ac- 
tivity of actomyosin at low ionic strength. (Supported by 
grants from the Muscular Dystrophy Association of Canada, and 
the Muscular Dystrophy Associations of America.) 





Physiology 


GLYCEROL=EXTRACTED VASCULAR SMOOTH MUSCLE. T. Mariani* and), 
F. Bohr. Dept. of Physiol., Univ. of Miche, Ann Arbor, Mich 

Helical strips of rabbit aorta were stored in 50% glycerol 
at room temperature for 2-4 days, or at -18° C for several 
months. This extracted vascular smooth muscle was then 
mounted in a buffered bath (pH 7.2) containing 5 mM MgClo- 
Contractions in response to added ATP were recorded isometri- 
cally. These responses differed in two respects from those 
of glycerol-extracted rabbit psoas: 1) Maximum tension was 
achieved slowly (5-15 minutes for the smooth muscle, compared 
to 20-30 seconds for the psoas). 2) While an optimal 
response of the psoas was obtained when 5 mM ATP was added 
to the bath, this concentration had virtually no effect on 
the extracted vascular smooth muscle. However, with a con- 
centration of 20 mM ATP a reproducible response was obtained. 
20 mM wMP added to the bath failed to cause a contraction, 
suggesting that the response to ATP is dependent on the high 
energ’ phosphate bond. (Supported by a grant from Life 
Insurance Medical Research Fund.) 
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Physiology 


{HE BINDING OF ATP TO GLOBULAR ACTIN. Richard C. 
strohman*. Dept.of Zoology,Univ.of Calif.,Berkeley, 
. a 
4 The exchange reaction between actin-bound ATP 
and free ATP has been studied with the view of ob- 
taining information on the chemistry of the binding. 
advantage has been taken of the fact that the actin 
-ATP complex is stable in the presence of dowex-l- 
(1 at zero degrees while at the same time free ATP 
is quantitatively removed by the resin. It has been 
found that either Ca or Mg is required for aTP bin- 
ding but that the Ca-ATP-actin is the complex of 
greater stability. EDTA completely dissociates the 
complex and the degree of reassociation may be con- 
trolled by regulation of the cation. The inactivat- 
jon of actin with respect to rebinding ATP after 
EDTA treatment parallels the inactivation with re- 
spect to polymerization. SH reagents such as PCMB 
also dissociate the actin, It is concluded that 
ATP may be bound to actin through two points one 
of which contains an SH group,the other a metal 
pinding site. It.is also concluded that Ca-ATP and 
Mg-ATP display different configurational binding 
to the actin, ( Supported by a grant from NIH) 


Biochemistry 


EFFECT OF ALKALINE pH AND UREA ON MUSCLE PROTEINS, 
A, Stracher.* State University of New York College 
of Medicine, Brooklyn, N. Y. 

The effect of alkaline pH and varying concentra- 
tions of urea on myosin has been used by others 
mainly in an attempt at the isolation of smaller, 
non-covalently bonded sub-units from the molecule, 
In order to understand the changes occurring under 
these conditions, myosin, actomyosin and glycerated 
muscle fibers have been investigated by means of 
optical rotation, viscosity, ATPase activity and 
contractility of the glycerated fibers. It has been 
shown that at pH 10.3 extensive changes occur in all 
of these properties and the glycerated fibers lose 
their ability to contract irreversibly. In addition, 
concentrations of urea as low as 1 M will inactivate 
the glycerated fibers and will cause significant 
changes in the other properties measured. In 2 and 
3 M urea the fibers, although having lost their 
ability to contract irreversibly, are still capable 
of hydrolysing ATP, Fibers which have previously 
been contracted will relax back to their original 
length when placed into a solution of 2 or 3 M urea, 
(Supported by a grant from the U. S, Public Health 
Service, RG 7076.) 


Biochemistry 


STUDIES ON THE ENZYMATIC CENTERS OF MYOSIN. W. Wayne Kielley 
and Takamitsu Sekine. Natl. Insts. of Health, Bethesda, Md. 

It has been demonstrated (Biochim. Biophys. Acta, 41:401, 
1960) that the myosin molecule consists of three polypeptide 
chains of equal mass wound together in the form of an a-rope. 
In addition, it has been demonstrated that the three chains 
are electrophoretically homogeneous (Biochim. Biophys. Acta, 
in press). The present report presents information on the 
chemical homogeneity of the subunits provided by the peptide 
patterns obtained through radioautographs following chroma- 
tography and electrophoresis of trypsin digests of C14-n- 
ethylmaleimide (NEM) treated myosin. When myosin has reacted 
with NEM in an amount equivalent to one SH group per poly- 
Peptide chain, the Ca++ activated ATPase activity is maximally 
elevated, the activation by EDTA is completely lost and ITPand 
GIP are no longer hydrolyzed. Using C**-NEM the cysteine con- 
taining peptide labeled in this process has been identified 
and it appears that one of two sulfhydryl groups in the pep- 
tide has been labeled in this reaction. Blocking of this one 


SH group per myosin subunit does not influence actomyosin 
formation. 





Biochemistry 


SELENIUM IN RABBIT SKELETAL MUSCLE MYOSIN. Kenneth P. 
McConnell and D. M Roth*. Vet. Adm. Hosp. and U. Louisville 
School Med., Louisville, Ky. 

Earlier distribution studies observed that about 35% of the 
total body Se75 appeared in the body musculature. Investi- 
gations on incorporation of selenium into various proteins 
have been extended to include muscle protein, myosin. Three 
normal healthy rabbits were injected subcutaneously with 
H2Se!503 (0.3 mc., 10 pg. Se). Twenty-four hours later the 
animals were sacrificed and myosin was extracted from skeletal 
muscle. The precipitation procedure was repeated three times. 
Usually the second precipitation of myosin was found to be 
homogeneous in the analytical ultracentrifuge. Specific ac- 
tivities (expressed as cpm Se/) per gm. myosin protein) of the 
second and third precipitations were identical within experi- 
mental error. Assuming that rabbit muscle contains & myosin, 
it was calculated that 10 to 15% of whole muscle Se!) activity 
was present in the myosin fraction. Protein-bound selenium in 
myosin, determined by the trichloroacetic acid method, was 
99.6 21.764. In acid and neutral solutions no selenium was 
dialyzable, but at pH 8.6 and 9.8 about 10 and 23% respective- 
ly were dialyzable. ATPase activity and sedimentation 
constants were similar to those reported in the literature. 
The results indicate trace amounts of selenium are incorpo- 
rated into the muscle protein, myosin, of rabbits. 


Biochemistry 


ACTOMYOSIN-ATPASE, CLEARING AND SUPERPRECIPITATION, 
yama* and J, Gergely, Mass, Gen, Hosp, and Harvard Med, School, 
Boston, Mass, 

During the ATP induced "clearing" of actomyosin that pre- 
cedes superprecipitation in the presence of Mg and p = 0,15 
dissociation takes place (Maruyama and Gergely, Biophys, Soc, 
Abstr., 1961), A study by means of a recording pi stat shows 
that during clearing the ATPase activity is low, corresponding 
to that of myosin in the presence of Mg, and tenfold increase 
takes place on superprecipitation, A similar pattern is ob- 
served when clearing is brought about by EDTA or muscle relax 
ing factor at p = 0,1 when in their absence immediate super 
precipitation occurs, The ATP concentration required, 10™° M 
for producing clearing and low ATPase can be decreased to 1 
M, with the use of phosphopyruvate (PEP)-pyruvate kinase, Ad~ 
dition of ADP and Py, or Ca shortens the duration of the clear 
ing phase, leading to superprecipitation with increased ATPase, 
These observations may be related to those of Molnar and Lorend 
(Nature, 183, 1032, 1959 and in press, 1961) showing facilite- 
tion and inhibition of relaxation by PEP-pyruvate kinase and 
ADP, respectively, Partial blocking of SH groups prior to the 
addition of ATP prevented clearing, and led to immediate super 
precipitation on adding ATP, The results will be discussed 
from the point of view of the connection of superprecipitation 
and clearing with contraction and relaxation, respectively, 


Nutrition 


MOLECULAR WEIGHT AND SIZE OF MYOSIN FROM MICE WITH HEREDITARY 
MUSCULAR DYSTROPHY. Hans Oppenheimer™, Kate Bar4ny*> 
Herrmaxz Terry”, Eugene Forsyth”. Institute for Muscle Disease, 
New York, N.Y. 

Myosin from mice with a hereditary form of muscular dys- 
trophy and from normal litter mates was prepared according to 
the method of Hasselbach and Schneider and dissolved in KCl- 
phosphate buffer of ionic strength 0.65 and pH 6.8. The Zimm 
plots of the light scattering data gave a weight-average 
molecular weight My of 521,000 t 44,000 and a z-average radius 
of gyration r, of 447 t 26 % for myosin from the controls. On 
the assumption of a rodlike shape the length of the molecule 
would be 1,550 t 100 & and its diameter 27.9% 1.58. All 
these values were similar to those reported for rabbit myosin. 
With dystrophic mice, however, the Zimm plots indicated poly- 
dispersity of myosin, which made the extrapolations to zero 
angle somewhat ambiguous. The lower and upper mean values 
ranged from 581,000 to 793,000 for and from 434 to 695 & 
for rz. The polydispersity agrees with similar reported find- 
ings from ultracentrifugal and flow birefringence studies of 
myosin in other forms of muscular dystrophy. Supported by a 
grant from Muscular Dystrophy Associations of America. 
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Physiology 


EPINEPHRINE & THE LATENCY OF MUSCULAR CONTRACTION. Herbert 
Seah t Woman's Medical College of Penna., Philadelphia, Pa, 


ng the indirectly stimlated rat phrenic nerve-diaphragn, 


in oxygenated glucose-balanced salt solution, pH 7.3, twitch 
tension (T), mscle action potential thru external electrodes 
(AP), nerve plus junctional transmission time (N + J), and 
true latency (L) (from initiation of the mscle spike to the 
first manifestation of shortening) were measured with trangdu- 
cer & recorded oscilloscopically in the same preparation, at 
low initial tensions, (N + J), approx. 
affected by l-opinephrine bitartrate 1 (epi). Ina typical 
experiment, at 28,6 to 29.1°%., the total variation in (N+ J) 
delay occurred within a band of 0,3 msec. (L) wags reduced by 
epi at the same time that (T) & (AP) were enhanced, e.g., from 
17 msec, before epi, to 13 msec after epi, The dimimtion of 
(L) appeared progressively over a period of 10 or more ming, 
On washout of epi, the longer latencies reappeared, together 
with diminished (T); yet with repeated indirect tetanization 
at 60/sec., e.g., 62 successive tetani in 26 ming., the prepa- 
ration responded with approx. max, tetams tension throughout, 
& (AP) frequency reproduced the shock freq. The shortening of 
(L) is interpreted as an enhancement of the mscle's "active 
state" by epinephrine, 

Supported by USPHS Grant B-1657, 


Physiology 


EFFECTS OF UNCOUPLING AGENTS ON STRIATED MUSCLES. 
Institute for Muscle Disease, Inc., New York. 
Twitch tension outputs of excised no) 1al and dystrophic 
mouse gastrocnemii and of frog sartorii in oxygenated, cura- 
rized media at 15°C were studied. 0.05 mM 2,4-dinitrophenol 
raised dystrophic muscle tensions to 109% of controls at 10 
min. Lowering to 87% at 40 min ensued. Normal mouse and frog 
muscles declined steadily to 80 and 67%. 240 twitches (1/sec- 
1/2 sec) at this stage reduced dystrophics to 64% of initial 
tension of the series (controls: 95%). Normal mouse and frog 
muscles fatigued to 36 and 32% (controls: 48 and 47%). 1 mM 
NaNg reduced normal and dystrophic mouse muscle tensions to 
11 and 61% at 30 min. Normals recovered slightly for the 
next 90 min, dystrophics stayed lowered. Frog muscles de- 
clined for the full 120 min to 14%. Treppe, but no fatigue, 
set in during 240 twitches in dystrophic muscles in NaN. 
Normals, at 40 min, fatigued to only 81% of initial tension. 
At 120 min control fatiguability returned. NaN3 did not 
affect frog muscle fatigue. 1 mM KCN reduced tensions of both 
mouse muscle types, hastened fatigue, but did not mask the 
lesser fatiguability of dystrophics. All reported effects 
were reversible. Simple extrapolation of frog muscle meta- 
bolic data to mouse muscles seems hazardous. Enhanced glyco- 
lytic and PO, turnover capabilities seem indicated for dys- 
trophic mouse muscle. 


Physiology 


Freeze-Thaw Contracture and Excitation Contraction Coupling. 
F. N. Briggs, R. King* and J. Barnaby*. Tufts University 
School of Medicine, Boston, Mass. 

The mechanism by which freeze-thaw produces contracture 
remains obscure though certain evidence suggests that disorg- 
anization of the contraction coupling mechanism may be in- 
volved. Because of the suggested importance of calcium in 
the coupling process a study of the influence of versene on 
freeze-thaw contracture has been made. These studies were 
made with paired frog mscle using contracture tension as an 
ofjective measure of effects. Versene strongly inhibited 
freeze-thaw contracture. Analysis of possible sites at 
which this inhibition might have been produced showed that 
miscle ATP concentration in the versene treated mscle was 
indistinguishatle from the control. Contractility of myo- 
fibrils isolated from versene treated mscle appeared normal. 
These data together with that of Csapo (in "The Structure and 
Function of Muscle", vol.l1) showing that previous depolar- 
ization of the mscle membrane does not inhibit freeze-thaw 
contracture suggests that this contracture is produced by 
disorganization of the coupling mechanism which leads to 
the release of calcium which then activates contracture. 


-5 msec., Was not sig. 
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Physiology 
DEPENDENCE OF SUPERPRECIPITATION OF ACTOMYOSIN ON THE CONCEH. 
TRATION OF IONIZED CALCIUM. A. Weber” and S. Winicur”™, 
Institute for Muscle Disease, New York. 

Actomyosin prepared from purified actin and myosin Super 
precipitated maximally on addition of Mg-ATP only when Lonized 
Ca was present at a concentration above 10-5 M. When Ca had 
not been added to actomyosin previously washed free of Ca no 
superprecipitation occurred. Superprecipitation was measured 
as changes in turbidity or by determination of supernatant 
protein after centrifugation. On the addition of Ca the sy 
natant protein decreased from 90 per cent of the total protej, 
(found in the absence of Ca) to about 10-20 per cent. After 
the addition of Ca, Mg-ATP was hydrolysed about three times 
faster than before. A plot of the rate of hydrolysis of Mg~ 
ATP as a function of the concentration of ionized Ca resulted 
in an S-shaped curve with half maximal hydrolysis around 2 x 
10°° mM Ca. At very low ionic strength or ionized Mg (0.05 
or 10°5 Mg) superprecipitation and Mg-ATP hydrolysis are quite 
high even in the absence of Ca. However, with ionic strength 
around 0.1, Mg 5 x 1075 to 5 x 10-4 and ATP 2 x 1074 to 10°3 
the concentration of ionized Ca appears to determine whether 
actomyosin in the presence of ATP is relaxed (no superprecipj- 
tation, low Mg-ATPase) or contracted (superprecipitation, high 
Mg-ATPase). Supported by a grant from Muscular Dystrophy 
Associations of America. 


Physiology 


ENDURANCE OF VARIOUS MUSCLE GROUPS IN THE SAME INDIVIDUALS, 
Peter H, Cohan* and Peter V, Karpovich. Mem. Springfield Col- 
lege, Springfield, Mass. 

Many studies have been made regarding the endurance of var 
ious muscle groups in different individuals. This study con 
cerns endurance of various muscles in the same individuals, 
Flexors of the arm, the extensors of the lower leg and the ms 
cles of the hand grip were tested by means of ergometers. The 
load was 1/3 of the maximum strength of the mscles involved 
and the rate of contractions, 60 per min. In addition, a Har 
vard step-up test was used. In ergometers for the leg and th 
hand, the load was suspended from a pulley. The arm was teste 
by two types of ergometers: pulley and lever, In the latter 
the load was placed at the distal end of the lever. The 
tude of movement of the leg and the arm was 21°, that of the 
grip was the maximum. 30 subjects were used: 20 jail inmates 
and 10 college students. The r's obtained were: arm pulley 
and arm lever, .91; arm pulley and grip, .68; arm pulley and 
step-up, .70; arm pulley and leg, .53; arm lever and grip, .¥j 
arm lever and step-up, .66; arm lever and leg, .58; grip and 
leg, .58; grip and step-up, .32; leg and step-up, .48. These 
results open the possibility of predicting endurance of various 
muscle groups by testing one selected group. Confidence level: 
48 and .53--5%; .58 and up--1%. (Supported by a grant from 
Miles Products, Division of Miles Labs., Inc., Elkhart, Ind.) 


Physiology 


URETERAL PERISTALSIS — DIURESIS, OBSTRUCTION & 
HISTAMINE, Saul Boyarsky* and Jose Martinez* — Albert 
Einstein College of Medicine, New York, 61, New York. 

The mechanical aspects of ureteral peristalsis in anes- 
thetized dogs with explanted bladders were studied with in- 
dwelling catheters and strain gauges. Titration from the 
extremes of antidiuresis to diuresis showed gradually dimin- 
ishing peristaltic amplitudes with increasing irregularity of 
rhythm, At the height of diuresis, separate contractions 
were absent as the urine poured out in prolonged streams, 
Vascular pulsation was superimposed when the ureter be- 
came distended, The effect of acute obstruction was simi- 
lar to that of diuresis, but was conditioned in its response 
by rate of flow and the length of ureter obstructed, Both 
phenomena can be interpreted in terms of rising intralumin- 
al pressure. Histamine showed tachyphyllaxis. Reproduc- 
ible data have been obtained from indwelling catheters. Theif 
significance, questioned at first because of obstruction to 
rapid outflow, has grown as the effects of that obstruction 
have become better understood. (Supported by a grant 
from U.S. P. H.S. ) 
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Physiology 


POTENTIATION OF CONTRACTION BY ZINC. Allen Isaacson® and 
slexander Sandow. Institute for Muscle Disease, New York, N.Y. 

The following extends previously published results 
(giochem. Biophys. Res. Comm. 23455, 1960) on effects of Zn 
on responses Of excised frog sartorii. Potentiation of the 
saximal isometric twitch (by action on the membrane and pro- 
jongation of the active state) develops on immersion of the 
uscle in Zn-containing tris-buffered Ringer's, at a threshold 
concentration of 0.005 mM Zn and it is maximal at 0.05 to 0.1 
am after about 20 min. exposure to the metal. In such treat- 
muscles: (1) the first limb of the external, diphasic 
ation potential is increased and the second, decreased; (2) 
tetanus tension is unaffected. (Though in 1 mM Zn it is de- 
qeased and poorly maintained if the stimulus frequency is 
greater than 90/sec., due to the inability of the muscle to 
fire normal action potentials at high repetition rate.) Re- 
versal of Zn-effects, while only partially obtainable in pure 
ginger's, is quickly and completely attainable with EDTA when 
used in concentration equimolar to that of the applied Zn. 
this EDTA effect is confirmatory of membrane locus of action 
of Zn. Supported by a grant from Muscular Dystrophy Associa- 
tions of America. 





Physiology 


ACTIVATION OF THE CONTRACTILE MECHANISM IN ISOLATED MYOFIBRILS 
R. J, Podolsky and C. E. Hubert*. Naval Medical Research 
Institute, Bethesda, Maryland. 

The response of isolated myofibrils, prepared according 
to Natori (Jikeikai Medical J. 1, 119 (1954).), to ionic 
solutions was examined. The preparation is an intact fiber 
from which the "membrane" and some superficial myofibrils 
have been removed by dissection. A test solution was applied 
ty touching the myofibril with a small droplet formed at the 
tip of a glass micropipette (tip diameter~lu). Reversible 
contraction was elicited when the droplet contained Ca ions 
at a concentration exceeding 0.0001 M. Solutions containing 
i, Ne, or K ions, at considerably higher concentration, were 
vithout effect. ATP was without effect. Contraction did not 
propogate along the myofibrils; it was confined to those sarco- 
mres in contact with the applied Ca droplet. The speed with 
which the sarcomeres moved together increased with the concen- 
tration of Ca ions. Activation of the contractile mechanism 
can be studied in this preparation without uncertainty as to 
the concentration of the applied material or the complication 
of incomplete reversibility, characteristics of similar studies 
invhich access to myofibrils was achieved by impaling the 
intact fiber with a micropipette. 


Pharmacology 


TION OF STEROIDS ON INTESTINAL SMOOTH MUSCLE, Allan D. Bass 
mW, B, Smith*, Dept. of Pharmacology, Vanderb niv. 
School of Medicine, Nashville, Tenn. 

It has been previously reported (Bass and Setliff, "The in 
titre actions of steroids on smooth muscle," J, Pharmacol, 
Ter. Therap. (in press) that certain steroids inhibit con- 
trections of intestinal smooth muscle induced by pilocarpine. 
Stilbestrol has an action similar to desoxycorticosterone 
wetate (DOCA) and an activity even greater, The mechanism 
faction, however, is not identical because at selected con- 
tntrations of these substances stilbestrol will effectively 
inhibit a pilocarpine contraction without significantly re- 
‘ying Ku2 efflux, whereas DOCA will block pilocaroine induced 
™ efflux with only a slight effect on contraction. Pilo- 
tapine contraction causes an influx of Ca ion both in seg- 
tants of guinea pig ileum and in isolated longitudinal smooth 
mscle ileal fibers. The action of stilbestrol and DOCA on 
faion movement induced by pilocarpine will be discussed. 
‘Swported in part by U.S, Public Health Service Grants Nos, 
2020 and A-2281, ) 





Pathology 


EFFECTS OF IONIC COMPOSITION ON SMOOTH MUSCLE RE-~ 
ACTIVITY TO VASOACTIVE SUBSTANCES. L. Horn,*, H.F. 
Krohn, and B.W. Zweifach, N.Y.U. Medical Center, 
New York. 

Lithium has been substituted for sodium in diffe. 
rent experimental models, including studies on con- 
duction. Although resting potentials have been 
reported unaltered, abolition of action potentials 
may occur in some excitable tissues. The present 
study concerns the ionic composition in the bathing 
solution affecting the development of isometric ten. 
sion in smooth muscle. Gradual substitution of Nat 
by Lit was found to decrease smooth muscle respon. 
siveness to catecholamines, 5-hydroxytryptamine and 
acetylcholine, and complete cessation of any con- 
tractile events was encountered when Nat was com- 
pletely replaced by Lit. Further, it was found that 
resting tension decreased and spontaneous beating 
(contraction-relaxation waves) was completely abol. 
ished, but that normal activities were restored upon 
re-incubation in Ringer's solution. The data will be 
discussed in relation to the bioelectrical properties 


of tissue and the possible relation of such changes 
to the altered vascular reactivity during irrevers. 
ible shock. 
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METABOLISM OF RED AND WHITE MUSCLE. C. H. Beatty, R. D. 
Peterson, and R. M. Bocek*. University of Oregon Medical 
School and Oregon Primate Research Center, Portland, Oregon. 

For many years, muscles high in myoglobin have been 
classified as red muscles, those low in myoglobin as white 
muscles. In general, red muscles are relatively rich in 
mitochondria and have a high oxygen uptake as compared to 
white muscles. In the present investigation, adductor 
muscle fibers from the hind legs of rats were incubated for 
2 hours in Krebs bicarbonate buffered medium plus 150 mg% 
glucose and 1.2 m M/L acetoacetic acid at pH 7.4. It was 
possible to select groups of adductor fibers that were pre- 
dominantly red or white in color, The glucose uptake of the 
red fibers, 1.340.1 SE mg/g/hr wet weight, was the same as 
that of the white, 1.10.1 mg/g/hr (n=12, P}.10). However, 
lactate production was lower in red than in white fibers 
(0.8720.06, 1.10%0.09 mg/g/hr, n=13, P ¢.005) and aceto- 
acetic acid uptake was higher (0.5320.02, 0.34*0.02 mg/g/hr, 
n#13, P €.005). The glycogen level at the end of 2 hours 
incubation was higher in red than in white fibers (3.5170.12, 
2.5920.11 mg/g, n=10, P €.005). No difference was observed 
in the % nitrogen (on basis of dry weight) of red and white 
fibers. 

Aided by PHS grants 1157, 213 and 2263. 


Physiology 


ENZYME ACTIVITIES IN DYSTROPHIC AND DENERVATED MOUSE MUSCLE, 
M. We McCaman.* ‘Institute of Psychiatric Research, Indiana 
versity, Indianapolis, 

A hereditary form of mscular dystrophy in mice has been 
described by Michelson, Russell, and Harman, (Proc, Natl. 
Acad. Sci., hl, 1079, 1955). A comparison of the activities 
of certain enzymes was made using frozen-dried cross-sections 
of the gastrocnemius muscle from dystrophic mice and their 
control littermates, In an attempt to distinguish dystrophic 
changes from simple atrophic changes, muscles from normal 
mice which had been denervated by sciatic nerve section were 
also studied. The activities of the TPN-requiring de- 
hydrogenases (glucose-6-phosphate dehydrogenase, 6-phospho- 
gluconic dehydrogenase, isocitric acid dehydrogenase, and 
glutathione reductase) were significantly greater in dys- 
trophic and denervated muscle than in control muscle, Con- 
versely, the activities of the DPN-requiring dehydrogenases 
(lactic dehydrogenase and v¢-glycerophosphate dehydrogenase ) 
were significantly less than the control, 





Physiology 


CHEMICAL REACTIONS IN CONTRACTING MUSCLES. 
W.F.H.M. Mommaerts and Krikor Seraydarian. * Dept. of 
Medicine, Univ. of California, Los Angeles. 

When, of a pair of frog muscles, one is stimulated 
tetanically and the other kept as the inactive control, and 
both are frozen e.g. 300 milliseconds after the beginning 
of stimulation, it is found that the active muscle contains 
an excess of 0.5 to 0.6 micromoles true inorganic phos- 
phate (Seraydarian et al., submitted to J. Biol. Chem.) 
per gram. Likewise, there is formation of an equivalent 
amount of free creatine, indicative of a breakdown of 
phosphorylcreatine in accordance with classical biochemical 
views. However, a reinvestigation of the same problem in 
turtle muscle has, so far, led to a confirmation of our 
earlier rcsult (Mommaerts, (1955), Am. J. Physiol. 182: 
3, 585) that in this material no free creatine is formed in 
a brief contraction. The study of phosphate liberation has 
been erratic, and is being continued with reference to the 
occurrence of a highly labile phosphate compound, pre- 
served by low temperature alcohol extraction and phosphate 
analysis by a modified Ca-precipitation method. 





Physiology 


EFFECT OF STIMULATION ON PHOSPHORYLASE LEVELS 
IN MUSCLES OF MICE WITH HEREDITARY MUSCULAR 
DYSTROPHY. R.R. Rulon*,D.D. Schotteliug* and B. A. 
Schottelius. Dept. of Physiol., U. of Iowa, lowa City, Ia. 
The raagnitude of the conversion of inactive to active phos- 
phorylase which occurred upon tetanic stimulation of excised 
anterior tibial muscles from dystrophic and littermate con- 
trol mice was determined. Animals were placed on a longev- 
ity promoting diet for periods of either 60 or 120 days. Con- 
tralateral muscles, one resting the other stimulated, were 
employed. Paired excised muscles were maintained on a 
multiple electrode assembly in oxygenated bicarbonate 
Ringer, pH 7.4, at 20°C for 30 min. equilibration, Stimula- 
tion was by supramaximal square wave pulses, duration 1 
msec., frequency 25/sec. Both muscles were simultaneously 
frozen at the last pulse by rapid immersion into isopentane 
precooled to -160°C. Phosphorylase a,t, and a/t values were 
determined for the resting and stimulated muscles. In dys- 
trophic muscles stimulated for 1 and 15 sec. the a/t ratio(%) 
was significantly increased over resting value in each age 
group. In comparison, the control muscles exhibited a sig- 
nificant increase only at the longer stimulus duration. 


Physiology 


EFFECT OF FASTING ON METABOLISM OF GLUCOSE AND FREE FATTY ACID 
BY ISOLATED RAT HEART. L. H. Opie*, J. R. Evans”, and J. S. 
Shipp*, Harvard Medical School, Boston, Mass. and University 
of Florida, Gainesville, Florida. 

The metabolism of glucose-U-Cl4 was studied in isolated per- 
fused hearts taken from 3 groups of 8 rats each. The results 
are expressed as pM glucose equivalent/gm wet weight/30 min. 
perfusion + SEM: 


Fed ad lib. Fasted 1 day Fasted 4 days 


Glucose uptake 3% ©= «3.6 2. +28 160 + 2, 
Glycogen: Initial 9.7 +0.1 18.3 + 1.4 32.2 +1.9 
Pinal 12.4 +0.7 13.7 + 0.7 15.1 + 1.2 
Lactate production 11.6 + 2.8 13.4 + 2.2 16.7 + 1.5 
Glucose carbon to 
C02 9.5 +0.9 3.5 + 0.8 2.7 +0.5 
Glycogen 1.3 +0.1 0.4 +0.1 0.1 + 0,03 
Tissue lipid 0,07 + 0.01 0.05 + 0.002 


In contrast the uptake of palmitate-1-c14 and its conver- 
sion to C02 and tisbue fatty acid was similar in the 3 groups. 
When the perfusate contained both glucose and fatty acid the 
preferential oxidation of palmitate was apparent in all groups 
though greater in the fasted group. This study shows that the 
nutritional state of the donor rat markedly affects glucose, 
but not palmitate metabolism of the isolated perfused heart. 








Physiology 

GLYCOGEN AND PHOSPHORYLASE DISTRIBUTION THROUGHOUT THE 
OF THE RABBIT HEART. Lillian A. Jedeikin® Dept. of Psi 
Albert Einstein College of Medicine, New York, N.Y. Sy 

It has been observed (The Physiologist 3:87, 1960) that % 
glycogen distribution across the walls of the rabbit heart 
creases from endocardium to epicardium. In order to correlg, 
glycogen distribution with distribution of enzymes responsi, 
for glycogen metabolism, phosphorylase a and b concentrations 
were assayed across the walls of the rabbit heart. The ex. 
cised heart was plunged into ice water to bring about cardia: 
arrest. The right and left ventricles and septum were rempyy 
as quickly as possible and divided into three sections: apy 
mid and base. Each section was sliced longitudinally frog ~ 
endocardium to epicardium with a Stadie-Riggs slicer. The © 
slices were weighed and analyzed for glycogen or phosphorylay, 
A seven-fold difference in glycogen concentration was obsep 
the highest values being in the endocardial layers. Studies 
carried out with the dog heart revealed a similar pattern, 
but with a lesser gradient. In this case there was a threw 
fold difference in concentration. There was a diminishing 
gradient from apex to base, but this was in the order of 
per cent for both species. About a two-fold gradient of 
phosphorylase was observed from endocardium to epicardium ig 
the rabbit. (Supported by grants from the National Institute 
of Health and the American Heart Association. ) 



































Physiology 


EFFECTS OF STEROIDS ON THE SURVIVAL OF DYSTROPHIC MICE, 
Robert M. Dowben and Paul Gordon. Depts. Medicine and 
Pharmacology, Northwestern Univ., Chicago, Ill. 
Dystrophic mice, a strain 129 mutant which suffer from 
an hereditary disease resembling human muscular dystrophy, 
given the anabolic steroids 17a-ethyl-19-nortestosterone, 
9a-f luoro-1]1f8-hydroxy-17a-methyltestosterone, methylandro- 
standiol, A*+-17a-methyltestosterone or 17a-methy1-19-nor- 
testosterone in doses of 0.5 y/g. body weight thrice weekly 
had a prolongation of their median survival to as much as 
40 weeks from an ST50 of 17 weeks in control dystrophic 
mice. Testosterone propionate did not prolong survival. 
Improvement in muscle function did not occur upon admin- 
istration of the anabolic steroids although progression 
of the disease was retarded. The administration of 0.5 y/q 
cortisone prolonged survival to 30 weeks. Desoxycortico- 
sterone, aldosterone and estradiol markedly shortened the 
survival. The deleterious effects of aldosterone and 
estradiol were not lessened by the simultaneous administra- 
tion of anabolic steroids. Spirolactone, an aldosterone 
antagonist, and SU-4885, an inhibitor of 11B-hydroxlyation, 
also prolong the survival of dystrophic mice. The effects 
of the steroids in dystrophic mice are related to both 


Pineteeizts ag bef and influences on nitrogen metabolism, 
Supported by Muscular Dystrophy Assns. and aweppe Fndn. 








Biochemistry 


METABOLIC STUDIES ON RAT MUSCLE FIBERS. R. D. Peterson and 
C. H. Beatty, University of Oregon Medical School and Oregon 
Primate Research Center, Portland, Oregon. 

The metabolic characteristics of a muscle fiber preparatia 
from rats have been under investigation in our laboratory for 
several years. This preparation is sensitive to insulin defitl- 
ency and excess. However, the existence of limiting membranes 
in this preparation had not been demonstrated. The non utilir 
able amino acid<-amino isobutyric acid(AIB) has recently been 
used to study penetration of amino acids into cells. In this 
investigation a comparison has been made of the ability of the 
cut diaphragm and adductor fiber preparations to concentrate 
AIB-1-C+4, The muscle preparations were incubated for 2 hou’ 
in Krobg, bicarbonate buffered medium pH 7.4 plus 0.5 m M/L 


AIB-1-C++ (0.4 wc/ml). n = 5 in each series. * S.E. 
Ratio: concentration of Cl4 in tissue water 
concentration of C14 in incubation medium 
Diaphragm White muscle Red muscle 
control +Insulin control +Insulin control +Insulin 


1.3720.09 2.5120.09 1.3720.12 2.4840.10 1.1340.04 2.0920.27 


These data indicate the presence of confining membranes in 
the muscle fiber preparation. Incubation under anoxic condi- 


tions abolished the ability of the muscle fibers to accumulate 
AIB-1-C-**, 


(Muscul. Dystr. Assoc. & PHS grants 1157 & 213). 
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Biochemistry 


AL STUDIES OF SKELETAL MUSCLE IN MICE WITH HEREDITARY 

DYSTROPHY. Kay Fink. VA Hospital, Long Beach, Calif. 
ana U.C.L.A. Medical Center. k 

Comparisons of skeletal muscle from mice with hereditary 

mscular dystrophy and their heterozygous littermate controls 
pave revealed several differences. The concentrations of 
carnosine and hexose-6-. in muscle of dystrophic mice are 
markedly reduced. In spite of the decrease in phosphorylated 
sugar, the dystrophic muscle accumulated radio-lactate 
from the anaerobic metabolism of glucose-C1* in vitro. This 
yould seem to imply that there is not such a deficiency in the 

lating system as to interfere in the conversion of 

yeose to lactic acid. Other C*” labeled substrates were 

incubated with muscle, and extracts of tissue plus media were 
analyzed by paper chromatography and radioautography. Labeled 
aspartate , glutamate, malate, fumarate, lactate, and alanine 
vere all routinely detected following incubation of muscle with 
each of the following substrates: succinate, fumarate, aspart- 
ate, glutamate or alanine. In addition, dystrophic muscle 
regularly produced detectable amounts of radio-glutamine from 
each of these substrates, while in the control muscle studies 
glutamine was absent or barely detectable. It remains to be 
determined whether the differences noted are causative or 
purely secondary factors in the disease. (Supported by a grant 
from Muscular Dystrophy Assns. of America, Inc.). 


Biochemistry 


SERUM ENZYME STUDIES IN MUSCULAR DYSTROPHY. S.R. CHOWDHURY*, 
C.M. Pearson*, W.W. Fowler,Jr.¥, and W.H. Griffith, Depart- 
nents of Physiological Chemistry and Medicine, University of 
California School of Medicine, Los Angeles. 

Changes of serum transaminase, lactic dehydrogenase and 
aldolase in muscular dystrophy suggested the probability of 
the release of other enzymes from muscle. The present report 
is concerned with the study of the serum levels of malic de- 
hydrogenase (MDH), 5-nucleotidase, and ATPase, as well as of 
glutamic oxalacetic transaminase (GOT), glutamic pyruvic 
transaminase (GPT), aldolase and lactic dehydrogenase (LDH) 
in two common types of muscular dystrophy. The normal levels 
of GOT, GPT, aldolase, MDH and LDH were found to be less than 
40.0, 35.0, 11.0, 200.0 and 550.0 units/ml. serum, respec- 
tively, whereas values for 5-nucleotidase and ATPase (pH 9 
and 4.5) were 1.5, 2.8 and“2.5 units/100 mb serum, respec- 
tively. Subjects with progressive muscular dystrophy showed 
high levels of GOT, GPT, LDH and aldolase in comparison with 
values for normal individuals reported by other workers. 

MDH values reached as high as 512 units/ml but no changes in 
levels of 5-nucleotidase or ATPase were observed. As noted 
with other serum enzymes in patients with the chronic variety 
of muscular dystrophy, MDH also appeared not to be elevated. 


Nutrition 


INCREASED LYSOSOMAL ENZYMES IN MUSCULAR DYSTROPHY. H. Zalkin¥ 
A. L, Tappel, I. Desai*, K. Caldwell*, and D. W. Peterson. 
U. of Calif., Davis. 

Increased catabolism of muscle in nutritional and genetic 
dystrophy appears to derive from increases in lysosomal en- 
zymes. We find detergent induced activation of cathepsin, 
RNase, 8 -glucuronidase, @ -galactosidase, and aryl sulfatase 
in skeletal muscle of rabbits, chickens and mice suggesting 
that they are bound in lysosomes. In vitamin E deficient 
dystrophic rabbits the "free" and "total" activities of these 
enzymes were increased as follows: cathepsin 10 X, RNase 
10X, @ -galactosidase 50 X, and aryl sulfatase >1000 xX. 
There were smaller increases in liver. In-vitro experiments 
indicate that lipid peroxidation of the lysosomal membranes 
releases these latent enzymes, thus accounting for increased 
free" enzymes in the vitamin E deficient rabbit. In leg 
mscle of genetically dystrophic mice there were likewise 
Significant increases in cathepsin, RNase, -glucuronidase, 
and aryl sulfatase. In breast muscle of genetically dys- 
ttophic chickens there are some significant increases in 
these enzymes. These results suggest that increased lysosomal 
shzymes are the cause of muscular dystrophy. 
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Physiology 


EFFECT OF LOW pH ON NEUROMUSCULAR TRANSMISSION, J, del 
Castillo, T.E. Nelson, Jr. and V. Sanchez. Department of 
Pharmacology, School of Medicine, San Juan 22, Puerto Rico. 
Amphibian nerve-muscle preparations immersed in acid solutions show 
marked functional changes involving both moieties of the myoneural 
junction, The depolarization produced by applied acetylcholine is 
greatly increased when the pH of the bathing solution is lowered. The 
ratio between the depolarizations elicited in a muscle by a constant 
acetylcholine concentration at pH 3.8 and pH 7.0 may be as large as 5. 
In preparations treated by neostigmine bromide (10-°w/v) that factor 
is reduced to 2 - 2.5, indicating that only part of the effect can be 
explained on the basis of an inhibition of cholinesterase activity. The 
amplitude of the end-plate potential is markedly reduced when the pH 
is lowered. It may be concluded, therefore, that acid solutions reduce 
the amount of chemical transmitter released per nerve impulse. At 
variance with the postsynaptic changes the effect of low pH upon 
presynaptic motor terminals is a slowly reversibly phenomenon. Facili- 
tation phenomena are unimpaired. (Supported by Research Grant B-2021 
from the National Institute of Neurological Diseases and Blindness, 
P.H.S. , Bethesda, Md.) 








Physiology 


INFLUENCE OF IONIC SIZE OF RECEPTOR ACTIVATORS 
ON NEURO MUSCULAR TRANSMISSION BLOCK. 

W.L. Nastuk, Dept. of Physiology, Columbia Univ. The 
frog sartorius muscle-sciatic nerve preparation in vitro was 
soaked with Ringer's sol'n. containing 0.5 to 2.0 mM tetra- 
methylammonium bromide (Me,N ) or trimethylphenylam - 
monium iodide (Me,N C,H). findplate potentials (EPP) 
recorded intracellularly ‘wére evoked by a motor nerve 
stimulus applied every 3 sec before and during vigorous 
microperfusion of the neuromuscular junction with Ringer's 
sol'n. to wash away the amine. With 0.5 mM MeN ap- 
plied from 40 to 220 min, the resting potential (RP) was 
-80 mV and the EPP was 4 mV in amplitude. After per- 
fusion (15 to 110 sec) the RP was -79 mV. For 35% of 

the fibers (ave. 44 sec perf.) the EPP led to an action 
potential (AP) + 23 mV at crest. The preceding EPP 
reached 27 mV ampl. In the, other fibers the EPP ampl. was 
16mV. With 2.0 mM Me,N C,H, applied from 42 to 116 
min the RP was -93 mV and the EPP was 2 mV ampl. 

After perfusion (28 to 90 sec) the RP was -87 mV. For 
100% of the fibers (ave. 52 sec perf.) the EPP led to an 

AP +35 mV at crest. The preceding EPP reached 28 mV 
ampl. Ave. data is taken from 8 to 25 fibers. Additional 
data and a hypothesis will be presented. Supported by 

NSF Grant G 8812 


Physiology 


THE EFFECT OF 2-FORMYL-1-METHYLPYRIDINIUM IODIDE 
OXIME (2-PAM) ON NERVE-MUSCLE TRANSMISSION IN THE 
FROG. K.Ikeda* and C.Edwards. Dept. of Physiol., 
University of Minnesota, Minneapolis, Minnesota. 

It has been shown by several workers that curare 
block is partially relieved by 2-PAM; however it is 
not clear how the block is relieved. In the present 
study, the end plate potential (e.p.p.) and the 
miniature e.p.p.'s of the frog sartorious muscle 
were observed. 

The resting potential was not significantly 
changed by application of 2-PAM. fhe frequency of 
the miniature e.p.p.'s was increased and the amp- 
litude decreased at 10-5. During neuromuscular 
block by either curare or high Mg, the e.p.p. was 
increased by 2-PAM. In the latter casgze, the mean 
amplitude of the quantum decreased, but the quantal 
content increased still more, explaining the 
increase in the e.p.p. 

While 2-PAM does have post-junctional effects, 
the increase in the quantal content seems to 
dteermine the the relief of curarization. 


Supported by USPHS grant B2712. 














Pharmacology 


INCREASED SENSITIVITY OF PARTIALLY AND COMPLETELY DENERVATED 
FROG'S SARTORIUS MUSCLE TO CHOLINERGIC DRUGS, G.B,Frank, Dept. 
Pharmacol.& Therap. , Univ. Manitoba Fac. Med., Winnipeg ,Canada. 

It has been shown that there is an increased sensitivity of 
one end-plate region on frog's sartorius muscle fibres to ace- 
tylcholine following denervation of another end-plate region on 
the same cells (Frank, Can. J.Biochem. Physiol. 37:1239, 1959). 
Similar techniques were used to study other cholinergic drugs. 
The concentration of a drug needed to produce a threshold re- 
sponse-was determined in muscles denervated 10 days or more 
prior to testing and in control muscles from the other leg of 
the frogs. Pilocarpine and bethanechol were unable to stimu- 
late the muscles except at concentrations of about 500 mM.Sim- 
ilar sucrose concentrations produced an identical stimulation. 
Choline, carbacholine, tetramethylammonium and decamethonium 
prod d resp es at concentrations less than 50 mM, the de- 
nervated being more sensitive than the control muscles. Metha- 
choline fell in between, being unable to stimulate control but 
able to stimulate denervated muscles. The results support prev- 
ious observations with acetylcholine on partially denervated 
muscle, The results also indicate that the receptor sites on 
skeletal muscle become modified following denervation because 
denervated muscle can be stimulated by a drug unable to stimu- 
late normally innervated muscle. (Supported by a grant from 
the Muscular Dystrophy. Association of Canada.) 





Pharmacology 


OPPOSITE EFFECTS ON NEUROMUSCULAR TRANSMISSION BY FACILITA- 
TORY DRUGS. A. S. Kuperman.* New York Univ. Sch. of Med.,N.Y. 


Previous experiments demonstrated the potent depressant 
actions of facilitatory ions on neuromuscular transmission 
using the cat in situ nerve-muscle preparation. Continuing 
this work, it was shown that for 30-45 minutes after injec- 
tion of non-depressant doses of benzoquinonium, the otherwise 
potent facilitatory agents 3-MeoNCOO PNEt3, 3-OH PNEtoMe and 
3-OH PNEt3 only depress transmission. The much weaker facili- 
tatory ion PNEt3 has a biphasic action after benzoquinonium, 
the depression Setites followed by an attenuated increase in 
contractile tension. However, the weakest facilitatory ion 
of all, NEt,, produces only twitch potentiation in this 
circumstance and in doses no larger than are normally 
required. NEt) is the weakest anti-ChE agent of these com- 
pounds and also possesses the least intense action on the 
motor nerve terminals. These experiments indicate that NEt, 
and possibly PNEt3 have a locus or mechanism of facilitatory 
action which differs from that of the other ions. The effect 
of NEt), on the axon to induce repetitive discharge is already 
known, and this may be the basis of its twitch potentiating 
action. (USPHS Grant no. B-2605). 


Pharmacology 


TETANUS TOXIN AND SKELETAL MUSCLE. Venkatray G. Prabhu*, 

XY. T. Oester, and +, Dept. of Pharmacology and 
Therapeutics, Grad. School and Stritch School of Medicine of 
Ioyola University, Chicago 12, Ill. 

Abel and Harvey, as a result of animal experimentation, 
maintained that tetanus toxin produced an effect upon the skel- 
etal muscle. Acheson and Wright emphasized that the effect of 
tetanus toxin was on the spinal neurons. In the present study, 
local tetanus was produced in the tibialis anticus muscle of 
rabbits by the intramuscular injection of small amounts of 
toxin. Clinical symptoms of localized tetanus ensues. Elec- 
tromyographic evidence of denervation fibrillation was noted 
in the muscles injected with toxin. This was entirely compar- 
able to that seen in nontetanus muscle following nerve section. 
In addition, stimulation of the involved muscles and nerves 
also gave evidence of a direct muscle effect by the toxin. 
Similarly, a comparison with selected drugs in the nerve sec- 
tioned denervated and tetanus denervated muscles gave entirely 
similar results. It is concluded that there is a direct effect 
on muscle of locally applied tetanus toxin. The differences 
in results of the earlier reports were primarily due to time 
of examination; the examiners emphasizing spinal neuron effect, 

their animals before 10 days, while those demonstra- 
ting direct muscle effects examined their animals after 20 


days. 














Pharmacology 
THE ACTION OF d-TUBOCURARINE ON THE MOTOR NERVE TERMINAL, © 
Frank G. Standaert.* Dent, 
of Pharmacology, Cornell University Medical College, N.Y,, gy 
The experiments to be described demonstrate the profound 
sensitivity of the mammalian motor nerve terminal to d-tubo. 
curarine. In cats anesthetized with e¢-chloralose the soley 
nerve was stimulated in the popliteal fossa and neural actj. 
vity recorded from a corresponding ventral root filament em. 
taining a s e active element. The application of a tetg. 
nic stimulus (400/sec for 10 sec) to the peripheral nerve 
regularly caused each subsequent response to a single stim. 
lus to become repetitive. This post-tetanic repetitive ac. 
tivity, which originates in the motor nerve terminal, was 
completely abolished by the close intra-arterial injection 
of 1 ug/kg of d-tubocurarine. Time to one-half recovery 
averaged about 15 minutes. This dose is well below thres. 
hold for blockade of neuromuscular transmission. The close 
intra-arterial injection of 1,2 or 5 ug/kg of d-tubocuraring 
did not depress the indirectly evoked muscle twitch and 10 
ug/kg produced only an 8% reduction. After the latter dose 
the twitch had one-half recovered in less than two minutes, 
In contrast after this dose of d-tubocurarine, the post-tets 
nic repetitive activity required 35 minutes to reach one- 
half recovery. This extreme susceptibility of the motor 


nerve terminal suggests that it is a principal site of d-tu 
curarine action. 
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Physiology 

EFFECTS OF EXTERNAL K ON Na@* LOSS FROM FROG 
MUSCLE FIBERS. P. Horowicz* and C. J. Gerber*. Dept, 
Physiol. Washington Univ. School of Med., St. Louis, Mo, 

Bundles of 4 to 10 fibers, two cell layers thick, were 
isolated from the semitendinosus muscle. The fibers were 
loaded with Na@* by stimulation (c. 210 times at 1/sec) in 
Ringer's fluid made with Na@*, Na24 in the central region of 
the fibers was counted. Phosphate buffered solutions at 19- 
21°C flowing past the fibers were also collected and counted, 
Reducing the [K] , from 2.5 mM to 0mM, promptly decreased 
the Na@* efflux to about 70% of normal, Increasing the {K] 
from 2.5 mM to 10 mM increased the Na“* efflux (up to 
400%). Similar increases were seen when the fibers were 
placed in a solution containing 10 mM-K and 0 mM-Na (cho- 
line substitution). In some cases, the increase was delayed 
5 to 10 min. Similar delays occurred on returning the fibers 
to normal Ringer's fluid. The results with the Na-free, 
high-K media show that the increased Na“* efflux was 
independent of [Na] o 2nd was not related to an increase in 
{Na} j» The delays in the increased Na@* efflux on raising 
{k] o Were too long to be due to Ky diffusion, (supported 
by NSF-G8131) 





Physiology 


A CRUCIAL EXPERIMENT IN SUPPORT OF THE FIXED CHARGE INDUCTION 
HYPOTHESIS G. and M. Ochsenfeld * Eastern Pennsylvanis 
Psychiatric Institute, Philadelphia 

The concept that living cells represent bulk phase fixed 
charge systems, criginally proposed to explain selective ionic 
accumilation, has now bec. developed into a more general thet- 
ry, to be published soon by Gele under the titles A PHYSICAL 
THEORY OF THE LIVING STATE, Blaisdell, New Yorke Further evi- 
dence in support of the basic concept has been obtaineds 
Practically all K+ tp sartorius msole was substituted by 
Cs* , tagged with Ce e The rate of diffusion of Ce” withis 

was then estimted as follows: The muscle was cut 

crosswise into uniform te, say 2.9 mm in width and the 
rate of diffusion of was followed as the segment was 
coytinususly washed in a non-redioactive solution. By washing 
Na free segments with isotonic CsCl the di ion constant 
was calculated to beat most 4077 X 107! om“/sec. (25° C) 
(compare to 2.0 X10~? om*/sec. in free golution). The diffu- 
sion rate immediately increases when Na , a normal component 
of the plasm, is introduged into the washing solution. This” 
facilitating action of Na’ on migration of more s ade 
sorbed ions in a fixed charge system, theoretically anticipst- 
ed on the basis of the present theory, has also been found far 
surface permeation of such ions into muscle cells. (See Ling 
Je Gene Physiol. 43 e 149, 1960). 
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fUROPHARMACOLOGY 


Physiology 


TTATIVE CHANGES IN HUMAN MUSCULAR STRENGTH DURING ISO- 
METRIC EXERCISE. Helen J. Hislop*. Dept. of Physiol., College 
of Medicine, State Univ. of Iowa, Iowa City, Iowa. 

The improvement in maximal strength of the forearm flexor 
mscies was studied in 91 male adult subjects in 115 experi- 
nents as a result of a 6 week training program at varying 
freqencies, durations, and intensities of isometric exercise. 
The investigation also included an assessment of the quantita- 
tive changes of strength and volume that occur in intact skel- 
etal muscle undergoing immobilization. 

Greater frequencies up to 2 times daily and longer dura- 
tions of isometric holding up to 15 seconds, resulted in maxi- 
mm strength gains. With intensity constant, the improvement 
in strength was found to be a product of frequency and dura- 
tion. Brief duration isometric exercise was relatively effec- 
tive in retarding strength-loss during limb immobilization. 
Subjects performing no exercise during 28 days in a plaster 
cast lost an average 28% of their maximal strength as opposed 
to a % loss for subjects exercising at maximal intensity for 6 
seconds daily. Decrements in arm volume were not as marked. 

Suggestion is made that increments in strength that occur 
during brief duration isometric exercise and the decrements 
that occur during immobilization may, in part, be attributed 
to functional organization of the muscular response and nervous 
system elements. 
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Physiology 


EVOKED OPTIC POTENTIAL CHANGES INDUCED BY PLASMA GLOBULINS 
FROM SCHIZOPHRENICS, J. R. Bergen, W. P. Koella, J, 
Caicman*, and H. Hoagland, Worcester Foundation for Experi- 
mental Biology, Shrewsbury, Mass, 

The effects of plasma globulins prepared by the zinc method 
12 of Cohn on the evoked optic potentials of unanesthetized 
rabbits having chronically implanted electrodes over the 
optic cortex were studied, The eyes of each animal were 
atropinized and fitted with eyelid retractors in order to 
obtain a stable response to the strobe light stimulus 
flashed at 6 sec, intervals. Control records of 30 poten- 
tials preceeded the injection of human plasma globulin 
equivalent to 10 ml, plasma into the marginal vein of the 
rabbit, Post-injection records comprising 150 potentials 
showed significant decreases in the amplitude of the evoked 
potential in rabbits treated with schizophrenic's globulins 
when compared with rabbits receiving non-psychotic's 
globulins, Further, the variability of the potentials was 
significantly decreased in the former group, The altera- 
tions in amplitude and variability do not appear to be 
temporally related to each other, (Aided by Grants MY-2967 
and MY-2211, N.I.H. U.S.P.H.S.) 





Physiology 


UNIFORM RESPONSE OF BIOGENIC AMINES TO PSYCHOTROPIC DRUGS IN 
SELECTED SCHIZOPHRENIC PATIENTS. G.R. Pscheidt, G.W. Brune, 
and H.E, Himwich, State Research Hospital, Galesburg, Illinois 

Seven male schizophrenic patients, 18-36 years old, were 
placed on the following medication schedule: Placebo, 25 days; 
Reserpine ( mg/kg), 15 days; Reserpine plus Marplan (isocar- 
boxazid) (30 mg/kg) 15 days; Reserpine only, 15 days; and 

placebo, 20 days. Urine specimens tal, hr.) were ana- 

lyzed for adrenaline (AD), noradrenaline (NA), and tryptamine 
(IP), Five of the seven patients exhibited a uniform response 
of their urinary excretion of NA which rose markedly during 
the first. placebo period and was reduced sharply during the 
first reserpine period, Marplan did not alter the excretion of 
ld appreciably, however, when Marplan was discontinued NA 
levels in the urine rose immediately. After discontinuance of 
all drugs NA levels increased above those found in the first 
Placebo period. AD excretion was more erratic. Elevated 

is were found in the first reserpine period and decreased 
mounts in the secomi reserpine period, The catechol amine ex- 
cretion in the other two patients was not markedly affected by 
the drugs, In all subjects TP excretion increased and de- 
creased regularly in response to monoamine oxidase inhibition 
yMarplan, The changes in NA excretion could be related in 
Part to the psychological effects of the drugs and in part to 
their effects on amine metabolism and storage. 








Physiology 


EFFECT OF INTRACAROTID SEROTONIN ON THE SPINAL REFLEXES. 
W. P. Koella and J. Czicman.* Worcester Foundation for 
Exptl. Biol., Shrewsbury, Mass. 

Our previous work in which we used the evoked potential 
technique indicated that the effect of intracarotidly in- 
jected serotonin upon these responses is partially mediated 
via an action of this drug upon the brainstem. In the 
present experimental work we attempted to show that this 
drug also modulates the downward discharge from the reticular 
formation and thus gives strength to the argument that 
serotonin interacts with receptor sites in the brainstem. 
Cats anesthetized with a (variable) mixture of chloralose 
and Dial with Urethane (kindly supplied by Ciba Co.) were 
prepared to elicit and record the stretch reflexes on both 
hind legs. Intracarotid injections of serotonin (from 0.625 up 
to 20.0 ugm. per animal) exert a modulatory effect upon the 
reflex amplitude. With anesthesiae induced preponderant ly 
with Dial and Urethane reflex inhibitions was observed. With 
increasing amounts of chloralose facilitatory phases and, 
ultimately pure facilitation was seen. Intravenous injection 
of the drug produced comparable effects only if administered 
in doses about 10 te 15 times higher than those used with 
intracarotid injections. (Supported by grant MY=2211, Public 
Health Service. 


Physiology 

CIRCADIAN SUSCEPTIBILITY RHYTHM OF MICE TO LIBRIUM. Egon 
Marte* and Frens Halberg. Cambridge (Minnesota) State School 
and Hospital, and Univ. of Minn. Medical School, Minneapolis. 

Mortality and/or survival time from i.p. injection of Lib- 
rium (7-chloro-2-methylamino-5-phenyl-3H-1, 4-benzodiapezine- 
4-oxide HC1) was tested by indirect periodicity analysis on 
inbred Dg and B) mice. In each of several experiments, sepa- 
rate groups, each of 21 - 65 mide, were given a fixed dose of 
librium, at 4-hr intervals, the first group injected at 06 of 
one day, the last at 04 or 08 of the next. Mumber of survivors 
was recorded at 4~hr intervals for the first 48 hrs post-injec- 
tion and then at 12-hr intervals up to one week. Mortality 
was higher in mice injected during daily dark period (18 to 
06) than during light period, with a peak usually at 24, but 
occasionally at 20 or 04. Significance of susceptibility 
rhythm below 1% level was ascertained by a procedure for 
locating peak of a time series. Circadian changes in 
tibility interact with age effects, susceptibility increasing 
significantly with age. The circadian peak in susceptibility 


susceptibility rhythms involving the central nervous systen, 
e.g. to ethanol and to audiogenic abnormality; it falls into 
a period of increased electrocerebral and gross motor activity. 
(Supported by grants from the U.S.P.H.S. ae a aig #1A-1573, 


and from the Minn. State Dept. of Public Welfare 


Physiology 

ACETY LCHOLINE-TETRACAINE-ESERINE COMPETITION. 
Henry Higman* and Eva Bartels”. Depts. of Neurol. and Bio- 
chem., Columbia U.,:‘College of P.& S., New York, N.Y. 

Local anesthetics are tertiary analogs of ACh. They react 
in a highly specific way with the ACh receptor protein (R. P.) 
in solution. Their potency in blocking electrical activity of the 
isolated single electroplax parallels their affinity to the R.P. 
in vitro. ACh is a R.P. activator, tertiary analogs are R.P. 
Inhibitors. New evidence for the competitive nature of the act- 
ion of these two types of compounds has been obtained with the 
electroplax. 5 x 10-5 M tetracaine rapidly and reversibly 
blocks electrical activity without depolarization; 2.5 x 10-6 M 
ACh (+ 5 x 10-5 M eserine (Es)) blocks with depolarization. 
Prior application of tetracaine completely prevents the depol- 
arizing action of ACh. Following depolarization by ACh, the 
subsequent application of a solution containing the same con- 
centration of ACh (+ Es) with tetracaine leads to repolariza- 
tion of the membrane with complete recovery of the initial 
resting potential. Es inhibits not only the enzyme but, inhigh- 
er concentration, also the receptor. Depolarization due to 5 x 
10-6 M ACh + 5 x 10-5 M Es is completely reversed by the 
subsequent application of the same concentration of ACh + 
5 x 10-3 MEs. This contrasts with the noncompetitive action 
of puffer fish poison. 
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Biochemistry Pharmacology 
THE EFFECTS OF 1-(1-PHENYL CYCLOHEXYL) PIPERIDINE HYDROCHLOR- CORRELATIONS BETWEEN PSYCHOTROPIC DRUG EFFECTS, WATER-AND . 
IDE (SERNYL) ON RAT LIVER MITOCHONDRIA. Helen Lees.* MINERAL METABOLISM IN SCHIZOPHRENIC PATIENTS. G.W. Brunes, E 
lafayette Clinic, Detroit, Mi State Research Hospital, Galesburg, Illinois. of 
Sernyl, an experimental drug (Parke, Davis and Company), The effect of reserpine (l; mg/day), alone and in combing. 
has both anaesthetic and psychotomimetic properties. With con- tion with isocarboxazid (30 mg/day) on water-, sodium-, poe Pe 
ventional Warburg technique and succinate as a substrate, the tassium-, and inorganic phosphate excretion was determined ip 
oxygen uptake of both liver homogenates and mitochondria was seven schizophrenic patients. The investigation (90 days)w, — 
increased by approximately 20% in 10~* M Sernyl (20 minute divided into the following five periods: placebo, res se 
reading). In the same concentration of the drug typical P/O reserpine-isocarboxazid, reserpine, placebo. During the firs = 
ratios for succinate were 1.1 compared with control values of reserpine period a continuous rise in water-, Na*= and Kt ” 
1.5. Spontaneous mitochondrial swelling, measured photomet- output was observed (Average for 7 patients during the last of 
ri in 0.125 M KC1-0.02 M Tris buffer, was increased in five days: water = 154%, Na* = 146%, K* = 131%). With incress. ° 
10-" M Sernyl. ‘The initial rate of swelling induced by suc- ing MAQ-inhibition, as indicated by an elevation of urinary " 
cinate was also increased. These interrelated effects are tryptamine, the excretion of water, Na* and K* fell to or be. . 
compatible with observations reported for other compounds low control levels, and rose again during the following reser. . 
which similarly affect mitochoniria. pine medication to a magnitude observed'in the first reserpin | *! 
. period. All values decreased to control levels during the ef 
second placebo period, Inorganic phosphate did not follow a 
this pattern. These results suggest drug-induced alterations " 
in the activity of the hypophysis-adrenal axis. 
Biochemistry 
REVERSIBLE BLOCK OF AXONAL CONDUCTION BY d-TUBO- EFFECTS OF DEMEDULLATION OF THE SUPRARENALS AND OF INSULIN = 
CURARINE AFTER TREATMENT WITH COBRA VENOM. ON THE ADRENALINE CONTENT OF THE SALIVARY GLANDS AND HEART OF I 
Philip Rosenberg* and Seymour Ehrenpreis. Depts. of Neurol. THE RAT, B.C.R, Strdémblad*, Dept. Pharmacol. & Therap., Uniy, u 
and Biochem., Columbia U., Coll. of P.& S., New York,N.Y. Manitoba Fac. Med., Winnipeg, Canada. a 
According to Nachmansohn's theory acetylcholine (ACh) In addition to noradrenaline all organs contain small the 
plays an essential role in the conduction of nerve impulses amounts of mat ypaape a i Sete cet ia i no 
through combination with a receptor protein within conducting a popes yet cn pres ¢ ol Le pacacnerge td the cuprecensia ial spe 
membranes. The failure of externally applied ACh and curare be taken up. In the present experiments it was found that 1 ” 
to act on axons in contrast to their powerful action at-junctions to 3 weeks after demedullation of the suprarenals of rats the b 
has been attributed to the presence of structural barriers. adrenaline content of the submaxillary and parotid glands an pe 
Various enzymes and detergents were applied to squid giant of the heart was normal, Therefore adrenaline is presumably oth 
axons in an attempt to reduce these barriers. After 10 ug/ml synthesized in these organs. che 
cobra venom or 20 ug/ml cetyltrimethylammonium chloride, a arene sronveens, oi). tAgul tn cones 0. 20ietet ae = pre 
5 x 10°" M curare blocked conduction rapidly and reversibly; the effect 7 insulin on tissue adrenaline. Seven to eleven ed 
untreated axons were only slightly affected by 1.4 x 10-2 M. hours after the injection of insulin (10 I,U./100 g. body phat 
Chlorisondamine and protamine also became effective; the act- weight) the adrenaline content of the above organs was greatly rr 
ion of DFP and physostigmine was enhanced 5-fold. On un- decreased. Wiel 
treated axons lipid soluble tertiary nitrogen compounds affected the 
conduction at concentrations similar to those previously found tro! 
to act on synaptic junctions of a single isolated electroplax. atic 
These results are new evidence that a similar receptor is was 
present in axon and synapse and provide support for Nachman- (Sug 
sohn's theory. 
Pharmacology Pharmacology 
DOPA, DOPAMINE, NOREPINEPHRINE, EPINEPHRINE AND SEROTONIN HARMA - ER. Paul HID 
MOUSE BRAIN LEVELS AFTER N-METHYL-N-BENZYL-2-PROPYNYLAMINE. HC] nae tah iehen +, ek on a etl Vanderbilt — MLA 
AND 1-DOPA. R. G. Wiegand* and J. E. Perry*. Abbott Labora- Uhiv. School of Medicine, Nashville, Tenn. , Dept 
tories, North Chicago, I11. Our development of a more accurate method of analysis for B 
N-methy1-N-benzy1l-2-propynylamine-HCl (A19120, MO-911), a barbital led us to reinvestigate the question of whether or ethy 
potent non-hydrazide monoamine oxidase inhibitor, at a dose of not physostigmine increases the rate of penetration of barbi- hour 
100 mg free base/kg I.P. causes increased levels of dopamine tal into mouse brain (Greig and Mayberry, J. Pharmacol. Exper. ltép 
(DA), norepinephrine (NE) and serotonin in mouse brain without Therap. 102, 1, 1951). We have extinéel Gio study to include trou 
significantly increasing DOPA or epinephrine levels. The DA prostiguine, epinephrine and nor-epinephrine, The pairs of HG 
level reaches a maximum at about 9 hrs and returns to the con- drugs were injected simultaneously intravenously. Barbital Diss 
trol level by 48 hrs. NE levels at 48 hrs are still increased (23) me/kg) and physostigmine (0. mg/kg) barbital and pin 
but slightly depressed from the 4-24 hr values. Serotonin prostigmine (0.36 mg/kg) barbital and epinephrine (0.25 me/ hora 
concentrations are maintained at 24 and 48 hrs at about the kg), all produced signs of depression mich sooner and much = 
same level above control. Following 200 mg/kg 1-DOPA I.P., nad intense than barbital alone. Epinephrine brought about besa 
DOPA, DA and NE increase, all reaching peak brain concentra- a great increase in the rate of entry of barbital into the tive 
tions during the first hour. Epinephrine and serotonin con- mouse brains, but neither the physostigmine nor the pro- gang 
centrations are not significantly increased. When the 1-DOPA stigmine tiieenel this rate over that in animals receiving acti 
is administered 24 hrs following MO-911 (same doses as above) barbital alone, Nor-epinephrine had relatively little effect. by p 
the increases in brain DOPA, DA and NE concentrations are (Supported in part by Research Grant B-1)9) given by the Merv 
greater than with 1-DOPA alone, though the peak levels are National Institute of Neurological Diseases and Blindness, to tl 
attained within the first hour. The rate at which DOPA, DA U. S. Public Health Service, ) Cans 
and NE return toward control levels after 1-DOPA or MO-911 niet vith: 
followed by 1-DOPA is greatest for DOPA and decreases in the iran 
order DOPA, DA, NE. The data indicate a more complete inhibi- 
tion by MO-911 of NE metabolism than of DA metabolism. 
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Pharmacology 


PERIPHERAL AND CENTRAL EFFECTS OF N-ALLYLNORATROPINE. Lester 
F. Soyka* and K. R. Unna. Dept. of Pharmacology, University 
of Illinois College of Medicine, Chicago 12, Illinois. 
N-allylnoratropine base produced atropine-like actions at 
parasympathetic postganglionic effector sites (isolated ileum, 
mouse pupil) and at autonomic ganglia (dog bladder, superior 
cervical ganglion, DMPP stimulated ileum). However, atropine 
was 25-50 times more potent than the N-allyl derivative. Con- 
versely, local anaesthetic properties and toxicity were equal 
to or slightly greater than that of atropine. No antagonism 
of the mydriatic or toxic effects of atropine could be demon- 
strated. Administration of 25-50 ug/kg i.v. to immobilized 
unanaesthetized cats promptly produced low frequency, high 
amplitude spindles in the EEG. Dose-response curves were 
obtained for the depression of the EEG activation response to 
electrical stimulation of the midbrain medial reticular forma- 
tion of encéphale isolé cats, quantified by the method of 
Riehl, Paul and Unna, Psychopharmacologica 1: 200-209, 1960; 
H-allyl noratropine was appreciably more potent than atropine. 


Pharmacology 


EFFECT OF HIGH CONCENTRATIONS OF CARBON DIOXIDE ON THE AMYG- 
DALA AND NEURONALLY ISOLATED CEREBRAL CORTEX. A. Maiti* and 
E.F. Domino, Dept. of Pharmacology, Univ. of Mich. Ann Arbor. 

Most volatile general anesthetics produce marked hypersyn- 
chronous electrical waves in the amygdala of dogs. Inasmuch as 
the inhalation of 30-35% CO2 in 02 produces anesthesia and has 
no smell the effects of this mixture were determined on the 
spontaneous and evoked electrical activity of the amygdala in 
acute dog preparations. This gaseous mixture produced hyper- 
synchronous waves of 8-15 cps of a waxing and waning character. 
The duration of such activity was dependent upon the period of 
anesthesia. The hypersynchrony resembled that produced by hal- 
othane or diethyl ether. All gases were given via an intratra- 
cheal cannula. The rhythms produced by all 3 agents were not 
prevented by acute mesencephalic transections. The threshold 
for afterdischarge elicited by electrical stimulation of the 
amygdala was elevated within a few minutes after induction of 
anesthesia with all agents. During the hypersynchronous waves 
evoked afterdischarge was markedly depressed or abolished. 
Withdtawal from 15 min of CO? administration greatly increased 
the duration of evoked afterdischarge in the amygdala over con- 
trol levels. Similar effects of C02 on the threshold and dur- 
ation of evoked afterdischarge during induction and withdrawal 
was noted in the isolated cerebral cort*« preparation. 
(Supported in part by USPHS grant MY-2653 C2). 


Pharmacology 


EVIDENCE FOR A NICOTINIC RECEPTOR IN THE CENTRAL NERVOUS SYSTEM 
RELATED TO EEG AROUSAL. Donald E. Knapp* and E.F. Domino. 

Dept. of Pharmacology, Univ. of Mich., Ann Arbor, Michigan. 
Brainstem transections were performed on animals under di- 
ethyl ether anesthesia. After completion of the surgery three 
hours were allowed for adequate elimination of the anesthetic. 

Midpontine transected cats and rabbits which displayed EEG 
ttousal to epinephrine and serotonin were also found to show 
EEG arousal to small doses (10-20 microgm/kg) of 1-nicotine. 
Dissociating this effect from adrenal catechol amine release, 
epinephrine insensitive pre-pontine transected cats and rabbits 
wre found to retain their sensitivity to l-nicotine. Further- 
tre in the midpontine transected dog in which epinephrine and 
norepinephrine do not cause EEG arousal, l-nicotine is effec- 
tive in the same low doses (10-20 microgm/kg) while the potent 
snglionic stimulant DMPP (5-10 microgm/kg) does not cause EEG 
activation. Completely deafferented dog brains were prepared 
by pre-trigeminal transection, bilateral destruction of cranial 
werves II and III, and the topical application of 2% lidocaine 
to the olfactory mucosa. In such preparations l-nicotine still 
caused EEG arousal indicating the site of action of nicotine is 
within the central nervous system. (Supported in part by a 
stant from the Tobacco Industry Research Committee.) 











Pharmacology 
EVIDENCE FOR A BRAINSTEM ACTION OF CHLORPROMAZINE ON SOME 
MOTOR REFLEXES, Roy D. Hudson* and E.F. Domino, Dept. of Phar- 
macology, Univ. of Mich. Schoo! of Med., Ann Arbor, Michigan. 

Chlorpromazine (CPZ) has been reported to reduce skeletal 
muscle tone. To further investigate the neuronal mechanisms 
involved various cat preparations were used. After surgery 
under ether anesthesia the animals were immobilized with <- 
chloralose or C10 and artificial respiration. In the intact 
animal CPZ in doses of 1 to 8 mg/kg (i.v.) produced a signifi- 
cant fall in arterial B.P. and depressed the facilitatory 
effects of stimulation of the mesencephalic reticular formation 
on the patellar reflex. Linguomandibular (LMR) and patellar 
reflexea were also significantly depressed. After high spinal 
(C1) section only the LMR was depressed. CPZ depressed evoked 
potentials recorded from the ventral root to stimulation of the 
dorsal root (L7 or $1) in the intact animal. Upon high spinal 
section the action potentials returned toward control. After 
mechanical stabilization of the B.P. at control levels the de- 
pressant effects of CPZ on motor reflexes persisted. In con- 
firmation of Henatsch and Ingvar (1956) the rigidity of Sher- 
rington decerebrate animals was abolished by CPZ doses of 0.5 
to 1.5 mg/kg. The rigidity of Pollock-Davis preparations was 
not abolished by such small doses although a slight relaxant 
effect was observed. It is concluded that CPZ has an action on 
some motor reflexes above Cl and below the mesencephalon. 


Pharmacology 


SYNTHESIS AND PHARMACOLOGICAL EVALUATION OF SOME ALIPHATIC 
HEMICHOLINIUM ANALCGUES. Marvin F, Powers", Stefan ger’ 
and Fred W. Schueler, Dept. of Pharmacology, Tulane Univer- 
sity School of Medicine, New Orleans, La. 

Three new aliphatic hemicholinium analogues were synthe- 
sized and investigated to determine whether an aliphatic 
chain could replace the aromatic moiety in HC-3 without loss 
of its characteristic activity. One of the analogues, 
1,10-bis (dimethyl-beta-hydroxyethylammonium) -n-decane=2-9- 
dione dichloride, possessed typical HC-3-like activity, how- 
ever the 150 was increased about tenfold in mice. 1,10- 
bis-pyridinium-n-decane-2-9=dione dichloride, a second ana- 
logue, was without HC-3-like effects, but was nearly as potent 
as eserine as an acetylcholinesterase inhibitor, Paradoxi- 
cally this cholinesterase inhibitor produced a flaccid para- 
lysis in chickens, suggesting that it prevented end-plate 
depolarization, as does curare, The third analogue, 1,10- 
bis-trimethylemmonium-n-decane-2-9-dione dichloride, appeared 
to exert an action similar to decamethonium by producing a 
contracture type paralysis of avian muscle, The gastrocnemius 
muscle stimlated via the sciatic nerve, responded to the 
compound by a minor decrease in contraction height and also 
by a major change in the recording base-line which reflects 
muscle contracture. 

(Supported by USPHS Grant No. CY 3037). 





Pharmacology 


THE EFFECT OF AN ORGANOPHOSPHOROUS INHIBITOR ON THE INCORPORA- 
TION OF C14=LYSINE INTO THE PROTEINS OF RAT BRAIN. Doris H, 
Clouet* and H, Waelsch, N. Y, State Psychiatric Institute and 
Columbia University, New York, N. Y, 

An increase in the rate of incorporation of c*.~1ysine in- 
to the proteins of rat brain has been observed after the in- 
tracerebral injection of cholinesterase inhibitors, Diethyl- 
S-(2=dimethylaminoethyl) thiophosphate acid oxalate (217A0) 
was injected into the cisterna magna of the rat in a dose 
such that the brain cholinesterase levels were reduced 50% af- 
ter 2 hrs, The recovery of microsomal cholinesterase levels 
to 90% of the control values occurred within three days after 
the inhibitor injection, at which time the larger pert of the 
brain cholinesterase activity, which sedimented with the mito- 
chondria, had recovered to 60% of the control level, When af- 
ter the intracisternal injection of C=lysine, the specific 
activities of the proteins of 217A0-injected rat brain were 
compared with non-injected, an increase in the labeling of the 
microsomal proteins was observed, The mitochondrial protein 
fraction was also slightly more labeled, jn the inhibitor-in- 
jected rats, The rate of entrance of C “=lysine into the 
brain from the cerebrospinal fluid was not significantly al- 
tered in the inhibitor-injected animals, 








Pharmacology 


POTENT BLOCKING EFFECT OF A PYRROLOPYRIMIDINE (B.W. 58-271) 
ON THE SPINAL POLYSYNAPTIC REFLEXES. Kenneth Cooper*, A.L. 
Wnuck* and Stata Norton. The Wellcome Research Laboratories, 
Tuckahoe, N.Y. 

B.W. 58-271, 2-methyl 4-benzylamino pyrrolo-[2,3-d] pyri- 
midine, exerts a potent blocking effect on the spinal poly- 
synaptic reflexes, An intravenous dose of 2-1/2 mp/kg to cats 
results in a complete block of the ipsilateral flexor and 
crossed extensor reflexes, About 50% recovery occurs in 
i hour, and a significant blocking effect persists for at 
leaet 3 hours, An intravenous dose of 20 mg/kg of mephenesin 
produces in this preparation a 50% block of the insilateral 
flexor and a 90% block of the crossed extensor reflexes; and 


recovery was about twice as fast as with B.W. 58-271. Parallel 


experiments also carried out with other mscular relaxants 
(chlormethazanone, methocarbamol, zoxazolamine, chlorzoxazone, 
carisoprodol and meprobamate) showed that they were consider- 
ably less potent than B.W. 58-271 under these conditions, 


Pharmacology 


COMBINED USE OF Q-METHYL META-TYROSINE (MMT) AND RESERPINE TO 
ASSOCIATE NOREPINEPHRINE (NE) WITH EXCITATION AND SEROTONIN 


(SHT) WITH SEDATION, tzman*, E. Costa, ssa*, C. 
Hirsch*, and B. B, Brodie. Natl. Insts. of Health, Bethesda, 
Md. 


Hess et al. (Pharmacologist 2, 81, 1960), have shown that 
MMT produces a transient lowering of brain 5HT and a persis- 
tent depletion of brain NE. In our experiments mice were 
given 500 mg/kg (I.P.) of MMT. Brain 5HT declined by 40% in 3 
hours and returned to normal values in 10 hours, In contrast 
brain NE was completely depleted for 24 hours or more. No 
sedation was seen in these MMT animals. In 13 hours, despite 
the depletion of NE, decarboxylation and formation of NE in 
brain do occur, thus confirming findings of S. Hess (these 
abstracts). Three kinds of experiments were performed: 1) 
Reserpine in various doses administered 13 hours after MMT 
lowered brain 5HT and sedation was observed when the amine 
declined by 50% or more. This result indicates that sedation 
produced by reserpine coincides with change in brain 5HT and 
not NE. 2) Reserpine given 10 minutes after 100 mg/kg of MAO 
inhibitor A-19120 caused exophthalmos, increased motor activity 
and increased aggressiveness. 3) In contrast, mice given MMT 
13 hours before administration of the A-19120 and reserpine did 
not exhibit this syndrome. These results suggest that free NE 
causes the excitatory state in mice given a MAO inhibitor 
followed by reserpine. 


Pharmacology 
STUDIES OF SODIUM GAMMA-HYDROXYBUTYRATE ON THE CENTRAL NERVOUS 
SYSTEM. Anna B. Drakontides*, William H. Funderburk and Jurg 
A. Schneider, Dept. of Macrobiology, Medical Research Labs., 
Chas. Pfizer & Co., Inc., Groton, Conn. 

Laborit's findings of unusual sedative and analgesic proper- 
ties (Colleg. Internat. Neuropsychopharm. July 1960) of sodium 
gamma-hydroxybutyrate initiated this study. Behavioral effects 
in the cat at doses of 75-150 mg/kg IV, included evidence of 
CNS depression, hind-leg muscle weakness, in addition to auto- 
nomic stimulation ie, salivation, emesis and defeeation. In 
mice this agent did not antagonize electroshock, thiosemi- 
carbazide or pentylenetetrazol induced convulsions. Spinal 
reflexes in the cat were not affected by 100 mg/kg IV. EEG 
studies were conducted in cats with chronically implanted 
electrodes and in acute preparations. Doses greater than 50 
mg/kg IV consistently produced slowing of the EEG, with high 
voltage fragmented sleep spindles, while the animal was awake. 
The duration of these effects was dose dependent, 100 mg/kg 
being effective for 120-140 minutes. Duration of after-dis- 
charge in the amygdala and hippocampus was increased following 
administration of this compound. Arousal threshold to elec- 
trical stimlation of the reticular formation was increased, 
although behavioral arousal was apparently not affected. These 
EEG findings are consistent with a CNS depressant effect, 
which may not necessarily be related to the behavior displayed. 
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Physiology 
CLINICAL STUDY OF A NEW ANALGESIC, RO 4-1778/1. 
M.J. Schiffrin, Max S. Sadove* and David L. Bruce* 
Univ. of Illinois, Chicago, Ill. 

Double-blind studies were made comparing the 
effects of Ro 4-1778/1/1 (p-chlorophenethy1) -2- 
methy1-6, 7-dimethoxy~1, 2,3,4-tetrahydroisoquino- 
line/, dextro=-propoxyphene, codeine, and placebo. 
Postoperative patients on the orthopedic surgical 
ward were the subjects. Oral doses of 60 or 65 mg, 
of the 3 analgesics produced the same frequency of 
analgesia, this was significantly greater than that 
of the placebo. The oral potency of Ro 4-1778/1 is 
equal to that of codeine. Chronic pain patients 
who could not tolerate codeine had good analgesia 
with no adverse reactions when they were given 60mg. 
doses of Ro 4-1778/1 over a period of many weeks. 
Ten to 120 mg. doses of Ro 4-1778/1 were given I.V. 
or I.M. Pain was a common reaction to the I.V. 
doses. There was no significant change in pulse 
rate, blood pressure, respiratory rate and respira- 
tory minute volume following the parenteral admin- 
istration of Ro 4-1778/1. 


Pharmacology 


PHARMACOLOGY OF 2-AMINO-INDANE (SU-8629), A POTENT, NON- 
NARCOTIC ANALGESIC, L.B.Witkin*, C.F.Huebner*, F, Galdi*, 

E. O'Keefe*, P.Spitaletta*, and A. J. Plummer. Research Dept, 
CIBA Pharmaceutical Products Inc., Summit, WN. J. 

Su-8629 has oral analgesic potency and a therapeutic index 
comparable to morphine sulfate but is dissimilar to morphine 
in that its analgesic effects are not antagonized by nallor- 
phine. Su-8629,given in analgesically subthreshold doses, 
potentiates the analgesic effects of morphine, a property 
which it has in common with amphetamine. Su-8629, amphetamine 
and morphine all afford protection to writhing induced by the 
i.p. administration of acetic acid, The very marked increase 
in toxicity of amphetamine found in crowded mice as compared 
to isolated ones is not seen with Su-8629, nor does Su-8629 
increase spontaneous motor activity as amphetamine does, 
Su-8629 and amphetamine, but not morphine, cause some eleva- 
tion in electroshock threshold. Su-8629, amphetamine and 
morphine, when given in appropriate doses, reduce GI motility 
in the mouse. Whereas morphine depresses respiration, blood 
pressure and spinal reflexes of intact chloralose-urethane 
anesthetized cats, Su-8629 and amphetamine, in sufficiently 
high doses, increase respiration, blood pressure and spinal 
reflexes. Morphine, but not amphetamine or Su-8629, increases 
the blood glucose of the unanesthetized rabbit. 





Pharmacology 


DOSE EFFECT RELATIONSHIP OF MORPHINE ANTAGONISTS ON 
RESPIRATION IN MAN: J. Telford*, C. N. Papadopoulos* 
A. S$. Keats, Division of Anesthesiology, Baylor 
Univ. College of Medicine, Houston, Texas 

Two morphine antagonists, nalorphine hydrochlor- 
ide (0.14 mg/kg) and (-)3-hydroxy-N-propargyl mor- 
phinan tartrate or NIH 6045 (0.07 mg/kg) were given 
i. m. to normal humans and their respiratory effect 
determined by measurement of Va and PaCO2 in res- 
ponse to inhalation of 2,4, and 6% CO2 in 02. The 
displacement of the PaCO2-Va curve to the right (re- 
spiratory depression) following the two morphine 
antagonists was similar to that following i.m. mor- 
Phine (0.14 mg/kg). However the effect of large 
doses was not similar. Morphine (1 mg/kg)i.v. pro- 
duced marked respiratory depression with mean Va of 
1.7 li/min and PaCO2 72 mm Hg., whereas 1 mg/kg i.v- 
of nalorphine or NIH 6045 produced a Va of 5.4 1i/ 
min and PaCO2 of 50 mm Hg. When normal subjects 
were given 10 mg. increments of nalorphine i. v- 
maximum respiratory effect was achieved at low doses. 
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Pharmacology 


THE LAWFULNESS OF CLINICAL PAIN. Louis Lasagna. Johns 
Hopkins School of Medicine, Baltimore, Md, 

A series of analgesic studies in 238 patients suffering 
from postoperative pain has been analyzed to evaluate the 
following: 1) reproducibility of pain relief from a stan- 
dard medication, morphine; 2) the incidence of such side 
effects of morphine as hypotension, sedation, dizziness, 
nausea, and vomiting; 3) the magnitude of the error in- 
yolved in equating sleep with analgesia, It will be shown 
that there is a high correlation between the mean severity 
of pain in a patient group and the mean scores for peak and 
total analgesia following 10 mg of morphine, It will also 
be shown that the incidence of distressing side effects 
after this dose of morphine in patients of this type is ex- 
tremely low. The implications of these findings will be 


discussed, 


Pharmacology 


A CLINICAL AND LABORATORY STUDY OF HYDROXYDIHYDROMORPHINONE 
(NUMORPHAN HC1). Thomas J. DeKornfeld.* Baltimore City 
Hospitals, Baltimore, Md, 

Hydroxydihydromorphinone (1.0 mgm) was compared with mor- 
phine (10,0 mgm) in the relief of postoperative pain. Both 
drugs were given parenterally and alternately in double blind 
fashion, Efficacy was gauged by subjective reports elicited 
at intervals of 1/2, 1, 2, 3, and 4 hours. The drugs 
yielded essentially identical pain relief. There were no 
clinically significant side effects after either drug but 
hydroxydihydromorphinone caused less sedation. The res- 
piratory and circulatory effects of analgesically equipotent 
doses of the two drugs were compared in volunteers. Res- 
piratory effects were studied by determining changes in the 
minute volume of respiration due to endogenous COz stimula- 
tion, The circulatory effects were studied using the "tilt 
table" method, When administered i.m., the respiratory de- 
pressant effects of both drugs were similar but when admin- 
istered i.v., hydroxydihydromorphinone depressed respiration 
more than did morphine, The circulatory effects of both 
drugs were identical and negligible. Hydroxydihydromor- 
phinone appeared to produce more euphoria, nausea and vom- 
iting than did morphine. (Supported by a grant from Endo 
Laboratories, Richmond Hill, N. Y.) 








Pharmacology 


1,2°D IMETHYL-3=PHENYL=3=PROP | ONOXYPYRROL ID INE c1-N97) AN 
ANALGETIC AGENT. C. V. Winder, J. Wax”, B. Serrano”, L. 
Scotti, $. Pp. Stackhouse” and R. H. Wheelock™. Res. Div., 
Parke, Davis & Coe, Ann Arbor, Mich. 

Within limited homologous ranges of substituents, C1-427 
was at or near optimum in antinociceptive potency and safety 
inrats (Cavalla et al., J» Med. Pharm. Chem., in press). Its 
antinociceptive effect was unusually well=sustained by all 
routes in rodents. Its potency was inferior to codeine's 
(base/base) by parenteral routes, equal or superior by the 
gastric route. |t substantially lacked antipyretic (rats), 
anti-inflammatory (guinea pigs), antitussive (dogs), consti- 
pating (rats), respiratory depressant (dogs), and cardio- 
vascular (except at high doses; dogs) effects. It resembled 
meperidine in excitatory (rodents) and body temperature lower= 
ing (rats) properties at high dosage. Of its constituent 
optical isomers, the d= was about twice as potent and toxic as 
the l- parenterally. Differences by the gastric route were 
less pronounced. Chronic toxicological studies in animals 

Ipine, unpublished) and tolerance studies in human sub- 
jects (Gajewski, unpublished) have indicated safety for 
Clinical trial. 














Pharmacology 


THE RELATION BETWEEN BRAIN LEVELS AND TOXICITY OF MORPHINE IN 
YOUNG RATS. Harvey Kupferberg* and E, Leong Way. Univ. of 
Calif. Medical Center, San Francisco, Calif. 

The toxicity of morphine in rats was studied from birth 
to one month of age. The Weo of morphine, determined by 
intraperitoneal injections on a weight basis, increased 
approximately eight fold during this period. The greatest 
change in toxicity occurred between the ages of 16 days and 
32 days. Brain levels of morphine at 16 days were found to 
be considerably higher than the levels at 32 days of age. 

The rate of conjugation in vivo showed that the 4 day old rat 
was capable of metabolizing as much morphine after 90 minutes 
as the 32 day old rat. These results suggest that the de- 
creased sensitivity to morphine in the maturing animal is 
due in part to a decrease in permeability of morphine into 
the brain, and that this factor is more important than any 
increased ability to detoxify morphine by conjugation. 
(Supported by Research grants from the USPH RG 1839 and from 
the Research Committee of the University of California). 


Pharmacology 


STUDIES ON THE PHARMACOLOGIC POTENCY OF HEROIN, MAM & MORPHINE. 
WeL. Way* and E. Leong Way. Dept. of Pharmacology, U.C. 
Medical Center, S.F. California. 

Previous toxicity studies in mice indicate that the intra- 
venous administration of heroin, 6-monacetylmorphine (MAM) 
and morphine gives a relative pharmacologic potency of heroin 
>MAM>morphine. It was desirable to study the action of 
these drugs in higher animals at physiologic dose levels. 
Mongrel dogs were used for chronic preparations in which an 
electrical stimulus could be applied to the trachea via im- 
planted electrodes to produce a cough.e The amount of drug 
needed to raise the "electrical" cough threshold 50% from the 
control level was considered the endpoint. This method gave 
sharp endpoints which allowed good comparisons of the poten- 
cies of the compounds studied. It was also possible to de- 
tect within quite sharp limits the times for onset of effect, 
peak effect and the loss of effect for the three compounds. 
Relative potencies after intravenous injection were found to 
be heroin >MAM>morphine. The onset of effect was most rapid 
for heroin and slowest for morphine. It would appear that 
these results support those found in lower animals that intra- 
venous heroin either per se or as its metabolites, has a 
greater accessibility to its site of action in the CNS, thus 
allowing a more rapid and potent action. (Supported by USPHS 
Grants Nos. 2G-63 & 1839.) 
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ANALGETIC ACTIVITY OF 1,2-DIMETHYL-3-PHENYL-3-PYRROLIDYL PRO- 
PIONATE HYDROCHLORIDE (PRODILIDINE HCl), J.W. Kissel¥* and 
J.R. Albert*, Dept. of: Pharmacology, Research Center, Mead 
Johnson & Co., Evansville, Ind, 

The analgetic activity of prodilidine hydrochloride was 
shown with four kinds of noxious stimli: radiant heat on the 
tail (rat), artery clip at the base of the tail (mouse), intra 
peritoneally administered phenylquinone (mouse), and cutaneous 
electrical stimulation (dog). The drug was given by the oral, 
subcutaneous, and intravenous routes, In the rat and mouse, 
prodilidine had the same oral potency as codeine sulfate 
against radiant heat and tail pinch stimuli, Prodilidine was 
slightly more potent than codeine when given orally or subcut- 
aneously to the dog. In mice it was approximately half as 
potent as codeine in preventing phenylquinone-~induced writhing. 
Injection of nalorphine HCl (10 mg/kg, s.c.) in rats chronice 
ally dosed with prodilidine failed to produce sedation, defe- 
cation, and salivation as occurs with morphine, Toxic signs 
with large doses were generally those of CNS stimlation, 
Catatonia did not occur in the rat nor did "mania" appear in 
the cat. There was no respiratory depression at analgesic 
dosage levels, Prodilidine caused marked augmentation of the 
crossed extensor reflex in spinal cats with variable augmen- 
tation of the patellar reflex, Gastrointestinal experiments 
indicated only insignifica:+ smooth muscle effects, 








Pharmacology 


E FFECT OF pH ALTERATIONS ON GASTRIC ABSORPTION 
OF SALICYLATES, Ann M. Morgan* and Edward B. Truitt, Jr 
Dept. of Pharmacology, Univ. of Maryland Sch. of Medicine, 
Baltimore, Md. 

Anesthetized dogs with ligated pyloric valves absorb sal- 
icylates more rapidly from acid than alkaline pH solutions 
(Bradley et al,1936), In this study the influence of pH upon 





the absorption rates of sodium salicylate (NaSAL) and acetyl- 


salicylic acid (AcSAL) was measured by blood levels of sal- 
icylic acid at 5 and 10 minutes after 50 mg. /kg. doses of 
each were given by a stomach tube in 200 ml. of 0.2 M. buf- 
fers of varying pH. The dogs were given 0.025 mg. /kg. of 
atropine I, V. and trained to lie quietly on the left side in 
order to impede gastric emptying. Intragastric pH was re- 
corded continuously from an electrode at the tip of the stom- 
ach tube. Both salicylates showed two peaks of increased 
absorption; NaSAL - pH 4.0 - 5.5 and 6.5 - 7.5, AcSAL - 
pH 2,0 - 3.5 and 6,.0- 7.0, Thus it appears that gastric pH 
is an important factor in salicylate absorption, The relat- 
ionship of gastric pH to other factors in salicylate absorp- 
tion (pK, dissolution rate, gastric emptying, etc.) will be 
discussed, (Supported by grant from Bristol-Myers Co. ) 
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DISTRIBUTION OF FREE N-C14-METHYL MORPHINE IN THE CNS OF NON- 
TOLERANT AND TOLERANT DOGS. S.J. Mule*, L.A. Woods and L.B. 
Mellett. Dept. of Pharmacol. Univ. of Michigan, Med. School, 
Ann Arbor. 

Non-tolerant dogs received either 3 consecutive subcut. in- 


jections of 2 mg/kg (free base) of labeled morphine every 8 hrs 
or a single injection and were sacrificed at intervals of 0.58- 


16 hrs. Tolerant dogs stabilized on non-labeled morphine in- 
jected subcut. every 8 hrs were given either 7 consecutive in- 
jections of labeled drug or a single injection and sacrificed 
at intervals of 0.58-8 hrs. Biological and chemical methodol- 
ogy were described previously (Fed. Proc. 19: 271, 1960). 
cortical conc. of non-tolerant dogs following a single inject- 
ion remained relatively constant and at 8 hrs was 184 and 127 
mpg/gm for gray and white respectively. In tolerant dogs the 


mean cortical conc. was less than the non-tolerant and at 8 hrs 
the conc. was 40-50% lower (88 and 76 mpg/gm for gray and white 
Non-tolerant and tolerant doge injected consec- 


respectively) . 
utively with labeled morphine had similar cortical conc. at 


0.58 hrs; however, the tolerant dog levels were 20-30% lower at 
8 hrs (112 and 123 mpg/gm for gray and white respectively). The 


morphine conc. within the CNS increased 5-42% over controls in 
non-tolerant and tolerant dogs following the subcut. injection 
of 2 mgm/kg of non-labeled nalorphine. Chromatography indica- 


Ged only _pgrPhine, prsgspt in the CNS. (Supported by USPHS 
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ADDICTION LIABILITY OF 1-(P-CHLOR=PHENETHYL) -2-METHYL@6, 7- 
DIMETHOXY=) , 2, 3,=TETRAHYDROISOQUINOLINE HCl (I). H.F.Fraser, 
W.R.Martin, A.B.Wolbach* and H. Isbell. NIMH Addiction 

sear nter, Hospital, Lexington, Ky. 

(I) was compared with morphine, codeine and d-propoxyphene 
in former opiate addicts. Single oral doses of 600 and 1000 mg 
of (I), 10=17 times the recommended analgesic dose, did not 
induce morphine-like effects. Single intravenous doses of 60 
ad 120 mg of (I) produced effects comparable to the same doses 
of codeine and depropoxyphene in nontolerant addicts, but in 
partially tolerant opiate addicts single doses of 180 mg induced 
less morphine-like effects than a comparable dose of depropoxy- 
phene, and both were very inferior in this respect to 25 mg of 
morphine. Orally and I.V. (I) partially suppressed morphine 
abstinence. It was necessary to discontinue substitution I.V. 
because of venous thrombosis. Intramuscularly (I) partially 
suppressed abstinence, but it was only 1/7th as potent as 
codeine. Addicts disliked effects of (I) when given orally in 
maximally tolerated doses (750-1500 mg daily) for 60 days, and 
when (I) was discontinued abruptly, abstinence scores were 
insignificant. It was not possible to conduct direct addiction 
studies by the I.M. or I.V. routes because of marked inflamma- 
tion at the site of injection. I. is concluded that (I) has 
substantially less addiction liability than morphine and codeine 
and even less than d=propoxyphene. 
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Pharmacology 
DEMONSTRATION OF ACUTE TOLERANCE AND PHYSICAL DEPENDENCE IN 
THE DOG. W. R. Martin and C. G. Eades.* NIMH Addiction 
Research Center, PHS Hospital, ngton, Ky. 

The effects of standard subcutaneous doses of morphine sy]. 
fate (10 mg/kg), nalorphine HCl (20 mg/kg) and intravenously 
infused morphine (3 mg/kg/hr) were studied on pulse rate, reg. 
piratory rate, body temperature, pupillary diameter, skin 
twitch reflex, withdrawal reflex, behavioral state, vomiting, 
rhinorrhea, lacrimation and salivation in the intact beagle dog, 
During an 8-hour infusion of morphine behavioral depression, 
pupillary constriction and depression of the skin twitch and 
withdrawal reflexes were maximal after 2 hours of infusion ang 
became less marked thereafter. A standard dose of morphine ad. 
ministered 17 hours after the end of infusion wasless effecting 
than a pre=infusion standard dose in producing miosis, behay. 
ioral depression and depression of skin twitch and withdrawal 
reflexes. Tolerance to morphine was evident during infusion 
and was demonstrable 17 hours after infusion. In another series 
of experiments nalorphine(20 mg/kg) was administered immediately 
after an 8-hour infusion and produced the following signs: 
restlessness, violent tremors, salivation, rhinorrhea, lacri- 
mation, vomiting, urination, defecation, mydriasis, marked 
tachycardia and tachypnea. These signs appeared within 5 min 
after injection of nalorphine, were maximal within 15 min, and 
slowly subsided thereafter, being largely dissipated by 90 min, 


Pharmacology 
EFFECT OF MORPHINE AND NALORPHINE ON SERUM COo, SERUM pH, AND 
RESPIRATORY RATE IN THE DECEREBRATE CAT. A. J. Eisenman” and 
W. R. Martin. NIMH Addiction Research Center, PHS Hospital, 
Lexington, Ky. 

All experiments were performed on wanesthetized ccerebrate 
cats prepared by placing a large electrolytic lesion at midnl} 
cular level. Arterial blood, collected under oil, was allowed 
to clot. C02 content and pH were determined on the supernatant 
serum. Morphine sulfate (10 to 20 mg/kg) markedly depressed 
respiratory rate (20 to 9/min), elevated serum C05 (9 to L5al/ 
100 ml) and depressed serum pH (7.6) to 7.5). Nalorphine Hl 
(10 mg/kg) slightly accelerated respiratory rate (21 to 2l/ain} 
decreased serum COp (38 to 3 ml/100 ml) but did not signifi- 
cantly alter serum pH (7.69 to 7.67). When nalorphine was 
administered after morphine a marked increase in respiratory 
rate occurred (9 to 32/min) which slowly decreased, stabilizing 
at a value slightly above control level (23 vs 20/min). Serm 
C02 levels and pH were respectively dower and higher than con 
trol values (33 ml/100 ml and 7.69) at a time when respiratory 
rate had stabilized. On the basis of these findings it is sug- 
gested that morphine depresses the homeostatic level and creates 
a state in which the equilibrium concentration of serum (0) is 
higher than in the control state. Administration of nalorphim 
rapidly shifts the homeostatic level (sensitivity to C02) back 
to or above control producing a marked tachypneae 


Pharmacology 
THE REFLEX RESPONSE TO INTRA-ARTERIAL NOCICEPTION WITH BRADY- 
KININ. By Frank Guzman*, C. Braun*, R.K.S. Lim, E.W. Horton*, 
and G.D. Potter* Med. Sci. Res. Lab. Miles Laboratories, 
Elkhart, Indiana 

The intra-arterial injection of agents algesic in man 

(bradykinin, acetylcholine and KCl) into somatic and splanchnic 
areas evokes in the chloralose cat or dog the same reflex re- 
sponse (viz. vocalization, hyperpnea and hypertension) as 
electrical stimulation of the sciatic nerve. This response {8 
thus identical with the pseudaffective response of Woodworth 
and Sherrington (1904) obtained by nociception in decerebrate 
preparations. The reflex nature of this response is demon- 
strated by the fact that unilateral dorsal root ganglionectomy 
(L2 to Sl) prevents the response to intra-arterial injection of 
algesic agents on the same side, whereas unilateral sympathec- 
tomy does not. Although other receptors are stimulated, only 
the nociceptors evoke vocalization. The vocalization response, 
taken as signal of pain, can be partially or completely block- 
ed by narcotic and non-narcotic analgesics. Nociceptors are 
known to be present in skin, but since the algesic agents will 
evoke the same response after skin removal, and after intra- 
arterial injection into the spleen or intestine, they are als0 
located below the skin. These visceral nociceptors are peri ~ 
vascular and appear to be located near capillaries. Bradykinia 
being active in 1.2 mcg dose may be a specific algesic agent. 
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Pharmacology 


FACTORS INFLUENCING TOLERANCE IN THE RAT. Joseph Cochin and 
Conan Kornetsky- National Institutes of Health, Bethesda, 
ja. and Boston Univ. School of Med., Boston, Mass. 


Previous experiments suggested that tolerance seen in rats 
long after withdrawal of morphine (Fed. Proc. 18:411, 1959) 
my be a function of the priming effect of the dose of mor- 

used to test for residual tolerance. Eighty-eight rats 
were divided into 11 groups, matched for original response to 
20 mg/kg of morphine by using the hot plate to measure drug 
effect. Five groups received morphine chronically for 70 days 
After withdrawal one of these groups received 20 mg/kg of mor- 
phine at bimonthly intervals for a year. Each of the other 
experimental groups was tested only once, at one of the bi- 
monthly periods. A control group, not given morphine chroni- 
cally, was paired with each experimental group and tested at 
the same time. Results show that bimonthly administration of 
the test dose is sufficient to maintain a high degree of tol- 
erance in withdrawn animals and to induce an almost equivalent 
degree of tolerance in control animals. Those animals tested 
only once after withdrawal show increasing sensitivity to mor- 
phine as a function of time after withdrawal. In a similar 
experiment with other groups of rats, drug effect was measured 
by swimming speed, and it appears that post-withdrawal re- 
covery is as slow as that seen with the hot plate, but the 
priming effect does not seem to play as important a role. 





Pharmacology 
RELATIVE POTENCY AND EFFECTIVENESS OF CODEINE AND 


MORPHINE, §,L, Wallenstein*, R,W, Houde and J,W. 
Bellville, Division of Clinical Investigation, 


Sloan-Kettering Institute, New York, N.Y, 

Studies were undertaken to determine the relative 
analgesic and respiratory depressant potencies of 
codeine and morphine and to test the thesis that 
codeine is incapable of producing as much pain re=- 
lief as morphine, Doses of from 30 to 360 mg of 
codeine and 8 to 24 mg of morphine were assayed for 
analgesic effect in 56 patients with pain due to 
cancer in five sequentially related experiments, The 
results of the first four series indicate that by 
raising the dose of codeine it is possible to pro- 
duce analgesia equivalent to that produced by 8 or 
16 mg of morphine at no increase in observed or vol-~ 
unteered side effects, Morphine was found to be 
roughly 10 times more potent than codeine and these 
resulte agreed with the estimate of relative respir~ 
atory depressant potency obtained in normal volun- 
teers, In the final analgesic series, however, there 
ig an apparent leveling off of codeine effect (180- 
360 mg) relative to morphine (12-24 mg) coincident 
with some increase in side effect liability, (Grant 
support from N.R.C. Comm, on Drug Addiction), 
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EFFECT OF MORPHINE ON THE STIMULATED CORTICAL SLICES OF BRAIN. 
4A, E, Takemori*. State Univ. of New York, Syracuse, New York. 
The stimulatory effect of 0.1 M KCl on the oxidation of 
cortical slices of brain in the presence of glucose is well 

established. The effect of morphine on unstimulated and 
stimlated cortital slices of brain obtained from control and 
chronically morphinized rats was studied. Male Holtzman rats 
vere chronically morphinized with an initial dose of 15 mg/kg 
intraperitoneally b.i.d. which was increased in 15 mg/kg 
increments weekly for 3 weeks. The rats became tolerant to 
the depressant and analgesic effects of morphine during this 
treatment. Control rats received isotonic saline. Cortical 
slices of their brains were prepared 18 hr after the last 
dose. Respiration was measured manometrically at 37°C with 0, 
as the gas phase. Morphine at 1 x 1079M did not affect the 
oxidetion of unstimulated slices from control or morphinized 
rats. KCl stimulated the oxidation of slices from both con- 
trol and morphinized rats to about. 60% above the unstimlated 
Tate in the absence of morphine. The respiratory stimu- 
lation of slices fa control rats was only about 24% in the 
Presence of ¢ x 10°7M morphine while that of slices from 
wrphinized rats remained unaffected. The results demonstrate 
m® adaptation to morphine at the cellular level which is con- 
Comiteht with the adaptation of the whole animal to morphine. 
(Supported by a grant from the U,S. Public Health Service). 
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N-ALLYLNOROXYMORPHONE: A POTENT NARCOTIC ANTAGONIST. Harold 
end David 3. 


Blumberg, Hyman B. Dayton”, ’ 
Rapaport’. Endo Laboratories, Richmond Hill, N. Y. 
Oxymorphone, or 2-14-hydroxydihydromorphinone (Numorphan) 
is an analgesic which has been found clinically to be about 
10 times as potent as morphine sulfate. The H-allyl derivative, 
H-allylnoroxymorphone (EN-1550), was recently apatheniaess 
The latter has now been investigated pharmacologically and 
found to be a potent narcotic t. EN-1650 showed no 
analgesic activity of its own by §.C. injection into mice on 
the hot-plate test, or on the phenylquinone writhing test in 
mice and rats. In blocking oxymorphone analgesia on, the mouse 
hot-plate test, BN-1550 was 7 times as active as nalorphine 
S.C. BN-1530 also reduced mortality in mice from oxymorphone 
overdosage, being about 3 times as active as nalorphine $.C. 
In antagonising oxymorphone narcosis in rats, EBN-1650 was 11 
times as active as nalorphine $.C. When respiratory depression 
was produced in unanesthetised rabbits by 0.15 po’ of oxy- 
morphone HCl I.V., almost complete counteraction and return to 
normal respiratory rate and minute volume were achieved by 
0.0165 mg/xg of BN-1530 I.V. Im this respect EN-1630 was 10 
times as potent as nalorphine HCl and ut twice as — 4G 
levallorphan tartrate. At equi-effective doses EN-1550 and 
levallorphan appeared to counteract respiratory depression 
more rapidly than nalorphine. Duration of counteraction was 
approximately the same for all 3 antagonists. BN-1550 also 
counteracted morphine, dihydromorphinone, meperidine, metha- 
done, and phenasocine, but not pentobarbital. 
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ANALGESIC ACTIVITY OF N-(2-DIMETHYLAMINOETHYL ) -2-ETHOXY-N- 
METHYL-2,2-DIPHENYLACETAMIDE, G. L. Hassert, Jr.*, 
J. J. Piale*, J. C. Burke and B. N. Craver. The Squibb 
Institute for Medical Research, New Brunswick, N. J. 
Depending upon the test procedure and the route of adminis- 
tration, the analgesic activity of N-(2-Dimethylaminoethy1)-2- 
ethoxy-N-methyl-2,2-diphenylacetamide (SQ 4773) in rats or 
mice is equal to or slightly less than that of meperidine. 
Its acute toxicity equals that of meperidine by the parenteral 
route but is less by the oral route. The signs of acute 
toxicity in rats and mice were reduced motor activity, cata- 
lepsy, and mydriasis, with terminal convulsions and respira- 
tory arrest. Nalorphine did not elevate the lethal dose of 
SQ 4773 in mice as it did that of morphine. Repeated adminis- 
tration of SQ 4773 to rats caused no more rapid development of 
tolerance to the analgetic action than did meperidine, Rats 
tolerant to SQ 4773 did not show cross-tolerance to morphine 
or meperidine. Cardiovascular reactions in dogs were no 
greater than after meperidine and there was less tendency to 
produce histamine-like responses than with morphine. There 
was little disturbance of respiration after low doses of 
SQ 4773 but the apnea induced by a dose fatal if untreated 
was counteracted by nalorphine, Only toxic doses of SQ 4773 
suppressed abstinence phenomena in morphine dependent monkeys 
(Deneau and Seevers, personal communication). 
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Physiology 
UNIQUE CENTRAL EFFECTS OF A NEW NON-BARBITURATE ANESTHETIC, 
J, C, Brinling*, 7, D, Shoviro* and E, B, Sigg. Geigy 
Research Laboratories, Ardsley, N, Y. 

The diethylamide of 2-methoxy-4~allyl-vhenoxyacetic acid 
has been found to be an ultra-short i.v. anesthetic by 
Thuillier and Domenjoz (Anaesthesist 6,163,1957). Further 
evaluation revealed a number of vharmacologic effects not en- 
countered with barbiturates and other anesthetics, In doses 
of 3-20 mg/kg the patellar reflex, the monosynaptic trans- 
mission through the cord (Lloyd), and the activity recorded 
in the ventral roots after local deafferentiation are greatly 
enhanced, The flexor reflex was only transiently increased, 
Ipsilateral inhibition of the kneejerk was reduced, The 
neuromuscular transmission and the afferent spindle dis- 
charges were unaffected, The rate and/or depth of respira- 
tion was increased, In decerebrate, deafferentiated cats, 
these changee in respiration were correlated with rhythmic 
phrenic nerve activity, imolying central action. In spinal 
animals, there was an increased non-rhythmic discharge in the 
phrenic nerve similar to that recorded from the ventral roots 
of lower segments, It can be concluded that the increased 
respiratory activity eliminates the danger of respiratory 
depression encountered with other anesthetics, Also, in- 
creased spinal reflex activity and rapid metabolic dispositim 
of the drug contributes to a ravid recovery of the patient, 
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REGIONAL ANESTHESIA OF THE CNS. Peter H. Bulle, Lawrence M. 
Petrucelli* and Mahmoud Oskoui™. Dept. of Pharmacology, 
Georgetown Univ. Medical and Dental Schools, Washington, D.C. 
Various concentrations of procaine were injected into the 
lateral ventricle of dogs via implanted stainless steel can- 
nulae. In all (8) animals, 20 mg/kg induced complete "anes- 
thesia of the brain" only, manifested by areflexia and re- 
laxetion of the head and neck structures and by apnea. All 
organs below the neck continued functioning without notice- 
aovle impairment, except for very transient spasticity of one 
or more extremities. Onset of action was within 2 min., with 
@ curation of approximately 90 min. Immediately after onset 
of action, artificial respiration was given through an endo- 
tracheal tube. In doses of 15 mg/kg or less, only 3 out of 
15 animals showed this type of "regional anesthesia of the 
brain", while the remaining 12 exhibited various degrees of 
excitement. All animals recovered completely, with no signs 
of damage. From our findings, it may be deduced that the ef- 
fects of local anesthetics upon the brain are comparable to 
those of general anesthetics. In both events, excitation 


usually precedes depression of the CNS. This preparation 

resembles that of a spinal animal. Our technique of chemi- 
cally incuced temporary decerebration is simple enough to be 
used as a tool in the teaching of neurology, physiology, and 
pharmacology. (Supported by Grant My-3562, 


NIMH, USPHS.) 





Pharmacology 
INTRAVENOUS ANESTHETIC EMULSIONS IN ANIMALS AND 
MAN. Helmut F, Cascorbi* and John C, Krantz, Jr. Univ. 
of Maryland, Dept. of Pharmacology, Baltimore 1, Maryland. 
Since the introduction of ether and chloroform as volatile an- 
esthetics, there have been several attempts to administer 
these agents intravenously in aqueous solution. The proce- 
dure was not satisfactory. Our experience with hexafluoro- 
diethyl ether, injected intravenously in the treatment of men- 
tally ill patients prompted us to attempt the injection of vola- 
tile anesthetics. Not any solution proved satisfactory. Emul- 
sions of various anesthetic agents were prepared, using leci- 
thin as the emulsifying agent. 1,1-difluoro-2,2-dichloroethyl 
methyl ether (methoxyflurane) was found to be the most satis- 
factory volatile anesthetic agent. An emulsion containing 3.5 
per cent by volume of this anesthetic evoked excellent anes- 
thesia in a variety of laboratory animals. There were no de- 
leterious sequelae sequential to the anesthetic syndrome. The 
anesthetic is excreted in the exhaled air. The emulsion elic- 
ited excellent anesthesia in man also. Our search of the lit- 
erature revealed that this was the first time this anesthetic 
procedure was used in man. If further clinical experience 
confirms these observations, many relatively high boiling 
point anesthetic agents may be made available. 
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LABORATORY AND CLINICAL INVESTIGATION OF TEFLURANE,1,1,1,2- 
Tetrafluoro 2 bromoethane (DA-708). J.F.Artusio,Jr., and A. 
Van Poznak.* New York Hosp. and Cornell Univ. Med. College, 
New York, N.Y. 

Teflurane is a non-flammable non-explosive base stable gas 
which boils at 8°C. Studies in the dog indicated that Teflur- 
ane had anesthetic properties. At 50% concentration anesthe- 
sia occurred in 90 sec. and respiratory arrest occurred; if 
artificial ventilation with oxygen was done the pulse remain- 
ed strong and regular. At 25% concentration anesthesia occur- 
red within 3 minutes, ventilation was well maintained and re- 
covery was rapid. At 10% concentration induction was slow; 
only very light surgical anesthesia could be obtained. Elec- 
trocardiograms indicated ST segment depression but normal si- 
nus rhythm in all instances. Intravenous epinephrine from 5- 
40 gamma/kg. failed to fibrillate any of the dogs studied. 
Studies in 30 patients were done. A 50% mixture with oxygen 
was used for induction and a 25% mixture for maintenance. 

Loss of consciousness occurred in 3 minutes, surgical anesthe- 
sia in 5 minutes. There was some decrease in tidal volume. 
With increasing depth blood pressure decreased on an average 
of 15% from control values. The E.C.G. revealed VPC's in 9 of 
30 patients studied. Emergence occurred in 5-10 minutes; 


B.S.P. retention was elevated but returned to control values 
within 10 days. 
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LABORATORY AND CLINICAL STUDIES WITH 1,1,2-TRIFLUORO-2-BRQwp 


ETHYL METHYL ETHER (DA-893). Alan Van Poznak* and Jos 
Artusio, Jr. New York Hospital and Cornell Medical College, 
New York City. 

During the investigation of CH30-CF2CHCl2 (Fed. Proc, 1, 
March '60) and CF3CHBrF (Fed. Proc. 17, March '58), an at 
was made to combine the desirable clinical features of both 
anesthetics by synthesizing CH3-0-CF2CHirF (DA-893). This 
ether is nonflammable, base stable, and boils at 889 C. {9 
dogs this agent produced a more rapid induction and emergence 
than DA-759. Respiratory and cardiovascular function was ade. 
quate. Intravenous epinephrine from 5 to 40 gamma/kg. pro- 
duced fewer ventricular beats in the anesthetized dog than i, 
the same dog immediately before anesthesia. Multiple BSP 
retention tests remained within normal limits throughout 20 
weekly anesthesias, liver biopsies were unremarkable. Ina 
closed system, man lost consciousness in 4 minutes and was 
easily intubated in 6 minutes. Respiration was full in light 
planes of anesthesia. Secretions were minimal. Blood 
pressure declined with increasing depth of anesthesia. Norm] 
sinus rhythm was preserved in all patients. Abdominal relax. 
tion could be achieved with DA-893 alone. DA-893 resembled 
diethyl ether in increasing the sensitivity to d-tubocuraring, 
Emergence from DA-893 was rapid. Postoperative liver function 


test results were comparable to those obtained after diethyl 
ether or cyclopropane. 
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EFFECTS OF HALOTHANE ANESTHESIA UPON VENTRICULAR FUNCTIQN 
CURVES IN THE DOG. Tsung-Han Ji, Shiro tox and 
Benjamin Etsten, Tufts University School of oo oe and 
Pratt Clinic - New England Center Hospital, Boston, Mass 

Ventricular function curves were obtained in nonmedi cated, 
nonanesthetized, intact-thorax dogs. I.V. succinylcholine 
permitted endotracheal intubation and controlled respiratia 
to maintain arterial blood gases at physiologic levels. With 
local anesthesia, heart chambers were catheterized via 
femoral vessels. Heart rate was controlled at 160 per minute, 
Effective ventricular endiastolic filling pressures were 
corrected by oesophageal pressures. Cardiac output was deter 
mined by dye dilution technic. During 0.5% halothane anes- 
thesia, levels and slopes of right and left ventricular 
function curves remained unchanged. With 1.0% halothane, 
ventricular function curves shifted to the right without 
change in slope. During 1.5% halothane anesthesia the sig- 
nificant change was depression of the slopes of ventriculer 
function curves. During 2.0% halothane anesthesia, slopes of 
ventricular function curves were further depressed. Change of 
the ventricular function with 1.0% halothane may be “ue to 
change in the metabolic state of the heart. In contrast, 
1.5% and 2.0% halothane anesthesia produced atriking depress 
ion in slopes of ventricular function curves indicat: 
airect  euenes depression. (Supported by USPHS Gran’ 


Pharmacology 


THE INFLUENCE OF METHOXYFLURANE UPON THE 
CARDIOVASCULAR RESPONSE TO EPINEPHRINE, 
William C. North and Paul R. Knox*, Division of Anesthe- 
sia. Duke University Medical School, Durham, N. C. 





Methoxyflurane was administered to dogs, cats, and 
monkeys. With increasing depth of anesthesia there was 
progressively greater depression of the blood pressure 
with little change in cardiac rate or rhythm, At all levels 
of anesthesia, except the very deepest, the circulatory res- 
ponses to epinephrine were qualitatively similar. A brady- 
cardia followed by auriculoventricular dissociation occurred 
with the hypertensive response to epinephrine. This was 
followed sometimes by a brief period of ventricular tachy- 
cardia. Atropine blocked the arrhythmias and enhanced 
the hypertensive response. Efforts to produce ventricular 
fibrillation with epinephrine in small or large doses by 
rapid or slow injection at all levels of anesthesia were un- 
successful. Deep levels of anesthesia reduced the blood 
pressure rise seen with epinephrine. The influence of 
methoxyflurane upon the cardiovascular response to epine- 
phrine resembles that of diethyl ether. 
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Pharmacology 
CARDIOVASCULAR EFFECTS OF METHOXY FLURANE. 
Ervin E. Bagwell* and Eugene F. Woods. Med. College of 
South Carolina, Charleston, S.C. 

The effects of a new anesthetic agent, 2,2-dichloro-1, 1 -di- 
fluoroethyl methyl ether, methoxyflurane (Penthrane, Abbott), 
on myocardial contractility, cardiac output and arterial blood 
pressure have been studied in dogs. Myocardial contractility 
was recorded by means of a strain gauge arch attached to the 
right ventricle; blood flow in the ascending aorta was recorded 
continuously with a square-wave electromagnetic flowmeter 
and used as an index of cardiac output. The anesthetic was 
administered via a modified semiclosed copper kettle tech- 
nique, using high flow rates (3 liters/min. ) during induction 
because of the low vapor pressure of methoxyflurane (25 mm. 
Hg at 20). During progressively deepened anesthesia, the 
principal cardiovascular effects consisted of gradual depres - 
sion of all parameters measured, with the most conspicuous 
effect being the depression in arterial blood pressure. 
(Supported by grants from the National Institutes of Health 
and the South Carolina Heart Association. ) 





Pharmacology 


VENTRICULAR TACHYCARDIA PRODUCED BY METARAMINOL DURING CYCLO- 
PROPANE ANESTHESIA IN DOGS, R. Kraemer*, K.L. Siebecker*, 
B,J, Bamforth* and 0.S. Orth. Dept, of Anes., Univ, of Wis. 
Med, School, Madison, Wisconsin, 

The production of ventricular tachycardia by the adminis- 
tration of a standard dose of epinephrine during cyclopropane 
anesthesia in dogs is a well documented phenomenon, The re- 
producibility of this arrhythmia is such that its occurrence 
may be used to compare the sensitizing effect of various anes- 
thetic agents on the myocardium, Various pressor drugs have 
been compared in terms of their production of ventricular 
tachycardia under similar circumstances, Metaraminol is now 
awidely used vasopressor drug. Twenty dogs were anesthe- 
tized with cyclopropane and administered epinephrine, 0.01 
ng./kg. of body weight, intravenously, over a fifty second 
period, Multifocal ventricular tachycardia appeared in all 
animals, On another day the same dogs were anesthetized with 
cyclopropane and metaraminol was administered in a manner 
similar to the epinephrine. Multifocal ventricular tachy~ 
cardia occurred in six of ten dogs receiving 0,1 mg./kg. of 
body weight of metaraminol and in nine of ten receiving 0,2 
ng./kg. The tachycardia produced by metaraminol did not 
appear as rapidly as that produced by epinephrine, but per- 
sisted longer. One dog developed a tachycardia lasting 900 
seconds when given metaraminol, 





Pharmacology 
LACK OF INCREASE IN BRAIN 5HT CONTENT OF RATS GIVEN BARBITU- 
RATES. G, L. Gessa* and E, Costa. Natl. Insts. of Health, 
Bethesda, Md. 

Anderson et al, JPET 130, 138, 1960) reported that pento- 
barbital and phenobarbital administration to rats causes a 
tise in brain 5HT. The brains were extracted according to the 
method of Amin et al. (J. Physiol, 126, 596, 1954) and tested 
o the heart of Venus Mercenaria (Twarog et al., Am. J. Phys- 
lology 175, 157, 1953). We have repeated the same experiments 
wing spectrofluorimetric methods of proven specificity for 
estimation of brain 5HT and NE. No increase of brain 5HT and 
NE was found following the administration of pentobarbital and 
Phenobarbital. The reasons for the discrepancy between the 


tesults obtained by bioassay and by chemical analysis will be 
discussed, 





Pharmacology 


CARDIOVASCULAR AND RESPIRATORY REFLEXES IN ETHER ANESTHESIA. 
G. A. Kien*, A. Gomoll* and Cedric M. Smith. Department of 
Pharmacology, University of Illinois College of Medicine, 
Chicago 12, Illinois. 

A twenty minute 16 mm sound-color teaching film has been 
prepared to demonstrate the cardiovascular and respiratory 
responses in the dog to hypoxia and hypercapnia during 
different stages of ether anesthesia. Measurements include: 
blood pressure; electrocardiogram, electroencephalogram, 
blood oxygen and pH, thoracic and abdominal respiration and 
respiratory flow. The film was prepared for use in labora- 
tory demonstrations in the pharmacology course for sophomore 
medical students. (Supported in part by National Fund for 
Medical Education grant.) 
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PHARMACOLOGIC STUDY OF TWO ANALOGS OF BRETYLIUM. Kenneth I. 
Colville*, A, Lloyd Wnuck*, Martin M, Jacobson*, Rocco V. 
Fanelli* and C.H. Ellis, Wellcome Research Laboratories, 
Tuckahoe, New fork, 

Bretylium, N-o-—bromobenzyl-N-ethyl-N ,N-—dimethyl ammonium 
ion, causes inhibition of sympathetic nervous transmission by 
a blocking action at postganglionic terminals (Boura and 
Green, Brit. J. Pharmacol, 14: 536, 1959). The meta and para 
bromo analogs have been compared with bretylium itself in 
anesthetized cats and dogs. The meta analog showed a greater 
and the para analog a somewhat smaller sympathomimetic effect 
than bretylium, Both the meta and para analogs were more 
active in causing neuromuscular block and less active in 
causing symathetic block, The response to the drugs after 
ganglionic blockade (hexamethonium or TEA) points to a 
different locus of action for the meta and nara analogs than 
for bretylium, the ortho derivative, 











Physiology 


OBSERVATIONS ON THE MECHANISMS OF THE POSITIVE INOTROPIC AND 
CHRONOTROPIC EFFECTS OF GUANETHIDINE AND BRETYLIUM. Thomas E. 
Gaffney*, Theodore Cooper and Eugene Braunwald. National 
Heart Institute, Bethesda, Maryland. 

It has been suggested that catecholamines released from 
the heart are responsible for the inotropic and chronotropic 
effects following guanethidine and bretylium. This hypothesis 
was examined in 5 normal, anesthetized, open-chest dogs and in 
5 dogs in which myocardial catecholamine depletion was pro- 
duced by complete cardiac denervation. Right ventricular con- 
tractile force (C.F.) was measured with a strain gauge arch. 
Guanethidine (1 mg./Kg.) resulted in a 50 to 120% increase in 
C.F. and a 20 to 80% increase in heart rate (H.R.) in normal 
dogs but had no effect in the denervated dogs. Bretylium, 

(1 mg./Kg.) produced a 10 to 50% increase in C.F. in normal 
dogs and an essentially identical augmentation of C.F. in the 
denervated dogs. The increase in H.R. produced by bretylium 
in the normal dogs did not occur in the denervated dogs, in 
which a negative chronotropic effect was observed. These 
observations, which were confirmed over a dose range from .1 
to 10 mgm./Kg., are in accord with the hypothesis that the 
positive chronotropic effects of both drugs and the positive 
inotropic effects of guanethidine depend upon myocardial 
catecholamine release, but that bretylium has a direct 
positive inotropic effect. 





Biochemistry 


EFFECT OF SEROTONIN ON REGIONAL METABOLISM, W.C. Shoemaker , 
H, Kleckner*, M, Perlow*, and G. Galansino*. Michael Reese 
Hosp. and Med. Center, Chicago, Illinois 

The effects of serotonin te 5 hydroxytryptamine creatinine 
phosphate) were measured in unanesthetized dogs whose hepatic 
vessels had previously been catheterized, Blood samples were 
aspirated from the arterial, portal and hepatic venous 
catheters at 10 second intervals. Hepatic plasma flow was 
measured by a modified bromsulphalein method (J. Appl. Physial 
15; 473, 1960); plasma concentrations of glucose, sodium and 
potassium were measured. Hepatic plasma flow decreased to 
approximately half the control values 1 to 2 minutes after 
femoral injection of 0.2 to 0.5 mg/kg serotonin. The lowest 
point was reached in 1 to 1.5 minutes. An increase in portal 
venous potassium, often over 2 meq/L, occurred 1 to 2 minutes 
after injection followed by an increase in hepatic venous 
potassium, Minimal increases in arterial and femoral venous 
potassium occurred. Multiplication of concentration differ- 
ences by flow values showed a marked output of potassium 
from the nonhepatic splanchnic area, 1 to 2 minutes after 
injection, followed by an hepatic potassium output. There 
was a fall in arterial, portal and hepatic venous glucose 
levels and uptake of glucose by the nonhepatic splanchnic 
area. (Supported in part by grants from the United States 
Public Health Service) 





Pharmacology 


AUTONOMIC BLOCKING PROPERTIES OF HC-3. K. C. Wong* and J. P. 
Long. Dept. of Pharmacology, Coll. of Medicine, State Univ. 
of Iowa, Iowa City. 

The bis-hemiacetal form of @,@' dimethylethanolamino 4,4' 
biacetophenone (HC-3) has been reported to produce blockade at 
the neuromuscular junction and various other peripheral choli- 
nergic transmitting sites. HC-3 has been evaluated in vivo at 
two autonomic neuroeffector sites: 1. where parasympathetic 
nerves are the sole excitor, and 2. where parasympathetic and 
sympathetic nerves may elicit the same response. The former 
was evaluated using vagal stimulation to rabbit colon. The 
induced motility was antagonized effectively by HC-3 and the 
EDS5O was approximately 100 ug./kg. The latter neuroeffector 
sites were studied using the bladder of the dog where intra- 
vesical pressure changes were recorded following pelvic and 
hypogastric nerve stimulation. The ED50 for the hypogastric 
nerve was approximately 500 yg./kg. When the same parameters 
of stimulation were used for the pelvic nerve, HC-3 up to 1.0 
mg./kg. was ineffective in blocking the contractions of the 
bladder. Blockade was induced with frequencies above 50/sec. 
The time for onset of blockade was freq y related, Metha- 
choline-induced contractions were not antagonized in any of 
the preparations. Exogenous choline partially antagonized 
HC-3 in all experiments. 





Pharmacology 


CHRONIC VAGOTOMY AND‘ HEART RATE CONTROL, D.C. Jerram* and R.P. 
A st, Dept. of Pharmacol., Med. Coll. of Ga., Augusta, Ga. 
e have reported that chronic cholinergic blockade (CCB) 
produces a progressive heart rate (HR) decrease. Stabilizatim 

occurs in 5-7 days at a level significantly lower than after 
acute atropinization (AS). Burn found that heart-lung (HL) pre 
parations with chronically vagotomized (CV) dogs had a signi- 
ficantly lower HR than preparations using normal dogs. If CV 
produces effects identical with those produced by CCB, it be- 
comes possible to simplify the technical procedures involved 
in the study of this phenomenon. Preliminary studies indicate 
a close similarity between the physiological and pharmacologi- 
cal responses elicited after CCB and subsequently after CV. 
1-HR after CCB and after CV are similar and significantly 
lower than after acute AS, 2-Reflex tachycardia in Fowler's 
position is unaffected by CCB but is reduced or eliminated by 
CV. 3-Reflex bradycardia following a sudden blocd pressure in- 
crease is accentuated by CCB and by CV. h-epinephrine (E) has 
a typically negative chronotropic effect after CCB and after 
CV. Hexamethonium Br, (1 mg/kg) causes a re-reversal of the HR 
effect of E after both CCB and CV. 5-Dichloroisoproterenol 
(DCI) 0.3 mg/kg decreases HR after acute AS, increases HR after 
CCB, and has no effect after CV. These findings are consistert 
with an interpretation of a production of a DCI-like blockade 
by CCB and by CV. (Supported by grant N-351), NHI, USPHS) 
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Pharmacology 









A CENTRAL NERVOUS SYSTEM COMPONENT OF THE HYPERGLYCEMIC 
RESPONSE TO EXOGENOUS EPINEPHRINE. Franklin J. Rosenbergs 
and Victor DiStefano. Dept. of Pharmacology, University of 
Rochester, Rochester, N. Y. 

The hyperglycemic effect of a single intravenous dose of 
2 wg/kg epinephrine, in cats, is markedly attenuated by high 
spinal sections, or by anemic decapitation. These procedures 
yield blood glucose values only one half those seen in intact 
animals. Neither sections of the midbrain, removal of the 
pons, nor hypophysectomy causes any such reduction in the 
response. Sections of the medulla at or above the level of 
the cerebellar peduncles are also ineffective. Sections of 
the medulla at the level of the fovea inferior, or the obex, 
reduce the response to one half, or less, of the control 
response. There is, therefore, a region in the area postrem 
which responds to epinephrine by initiating a hyperglycemia, 
The response is not correlated with cardiovascular changes 
produced either by the drug or by the surgical manipulations, 
Stereotaxic localization of the specific areas involved in the 
response will be discussed. The blood glucose response to 
microinjections of epinephrine into these areas will be 
described. 





Pharmacology 
BULBOCAPNINE: AN ADRENERGIC AND SERUTONIN BLOCKING aGENT, Ed, 
Walaszek and J.E.Chapman*, Dept. of Pharmacology, Univ, 
Kansas Med, School, Kansas City, Kansas, 

The interaction of bulbocapnine with the catecholamines an 
serotonin was studied on cat, dog and rabbit blood pressure 
and on the isolated perfused rabbit ear, In cats bulbocapnin 
(30 mg/kg) effectively antagonizes serotonin, norepinephrine 
and reverses epinephrine pressor responses, Doses of bulbocap 
nine as low as 2.5 mg/kg manifested adrenergic blocking acti- 
vity, The addition of phenoxybenzamine 5 mg/kg 2 hrs, after 
bulbocapnine 30 mg/kg did not increase the existing adrenergic 
blockade produced by bulbocapnine, Responses to isoproterenol, 
histamine, acetylcholine and vasopressin were not affected, 
The antagonism was a surmountable one, however a dose ratio of 
35-60 times was necessary to approach control responses of nos 
epinephrine. The pressor response to nicotine and acetylcholiz 
in atropinized animals was also antagonized, In the dog bulb 
capnine antagonizes the pressor response of the catecholamines 
and serotonin and potentiates the response to vasopressin, In 
the rabbit the adrenergic blocking potency of bulbocapnine ws 
not as great as that found in the cat ami dog. In the isolated 
perfused rabbit ear, bulbocapnine (10-20 mcg/ml) blocks the 
responses to norepinephrine, epinephrine and serotonin, These 
results will be discussed in relation to the classical experi- 
mental catatonia which can be induced by bulbocapnine, 


Pharmacology 
ACUTE EFFECTS OF GUANETHIDINE ON MYOCARDIAL 
CONTRACTILITY AND CATECHOLAMINE LEVELS. J.A. 


Richardson and J. L. Butterfield.* Dept. of Pharmacology, 








Medical College of S.C., Charleston, S.C. 

In acutely prepared, bilaterally vagotomized, open-chest 
dogs under pentobarbital anesthesia 5 mg/kg Guanethidine @ 
elicited prompt positive inotropic and pressor responses. 
Progressively diminished responses were seen when succes- 
sive doses of G were given. Qualitatively similar results 
were noted in animals with total preganglionic sympathetic 
blockade; in animals receiving hexamethonium; and in 
cardiac denervation. G elicited significantly less intense 
inotropic and pressor responses in reserpinized dogs. G 
produced no significant change in circulating catecholamine 
levels. Catecholamine content in ventricles and aortae were 
reduced significantly after 5 mg/kg G on 2 successive days. 
A transitory decrease followed by a moderate increase in 
isotonic contractions of isolated rabbit hearts occurred when 
G was added to the perfusate. Successive doses rendered 
hearts less responsive to the drug. After G, concentration 
of norepinephrine in heart perfusate increased significantly, 
(Supported by grants from NHI and S.C. Heart Ass'n. ) 
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Pharmacology 


NON-DRUG INDUCED CHANGES IN BLOOD SEROTONIN. Paul Gordon.* 
Dept. Pharmacology, Northwestern Univ. Medical School and 
y.Ae Research Hospital, Chicago, Ill. 

Administration of drugs, endotoxin, or antigen-antibody 
complex have been the only means of altering the body's 
serotonin [S] concentration. Conditions, therefore, of 
specific S mobilization for physiological purposes remain 
uiknown. Examining for such conditions, we report the 
following changes in whole blood S. The analytical method 
used employed protein precipitation, butanol extraction, and 
fluorimetry. Using a single bleeding following decapitation, 
ye observe that early during exposure to 38° F, rat whole 
blood $ increases by 50-100% and remains elevated for 2-10 
ninutes, returning then to normal. Rabbits bled from the 
xylene-dilated ear, at 36° F, experience, within the first 
ninute, a fall in whole blood S to 50% of normal, which is 
followed by a rising and failing of S of sinoid character 
with 2 minute periods. In both species, during 1 bleeding 
(10 ml/kg) at room temperature, whole blood S increases by 
about 50%. This elevation persists for at least 1 week and 
does not depend for its presence on simple elevation of blood 
platelets. Brain S in such bled rats is not changed in 
concentration. (Supported by grants from the USPHS and the 
Chicago Heart Association. ) 
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EFFECTS OF PYROGALLOL ON BRAIN CATECHOLAMINES. H. Weil-Malherbe 
Herbert S. Posner & Grace R. Bowles*, Natl. Instit. Men’ 
, St. Elizabet. spital, Washington, D. C. 

It has been reported that the administration of pyrogallol, 
an inhibitor of catechol-O-methyl transferase (COMT), does not 
affect the concentration of brain norepinephrine. While the 
inefficacy of pyrogallol, given singly, has been confirmed, 
the following effects were observed in rabbit brain when pyro- 
gallol was combined with dopa or with Catron, an inhibitor of 
monoamine oxidase: (1) pyrogallol caused an accumlation of 
dopamine in the particulate and soluble fractions after the 
injection of dopa; (2) in combination with Catron & dopa, py- 
rogallol increased the concentration of norepinephrine in the 
soluble fraction; (3) a similar effect was observed when pyro- 
gallol was combined with Catron and reserpine. These effects 
demonstrate the involvement of COMT in the metabolism of endog- 
enous brain catecholamines. 


Pharmacology 


EFFECTS OF GUANETHIDINE, SU-4029, RESERPINE, COCAINE, 
METHYLPHENIDATE AND TRIPELENNAMINE ON CONTRACTIONS OF RABBIT 
AORTIC STRIPS PRODUCED BY CERTAIN AMINES. A. I. Daniel* and 
R, A, Maxwell, Research Department, CIBA Pharmaceutical 
Products Inc., Summit, New Jersey. 

The responses of rabbit aortic strips were studied by the 
mthod of Furchgott, R. F. as described in Methods in Med. Res. 
8: 177, 1960. Aortic strips were contracted with norepi- 
wephrine (at 10-5M). ‘The following compounds were added to the 
bath during these contractions: nethidine (at 10-6 to 
10-4); cocaine (at 10-© to 10-4M) and methylphenidate (at 
10-6y) These 3 compounds increased the tonus of the norepi- 
Mphrine stimulated strips. Tripelennamine (at 5 x 10-7M) 
Produced a slight increase in tonus in half the strips tested. 
Re we (a* 10-8 to 5 x 10-m) and Su-k029 (at 10-© to 
10 did rut increase the tonus of the strips when superim- 
Posed on norepinephrine contractions. All compounds, in 
‘proximately the concentration ranges quoted above, reduced 
the tone of strips which were contracted with tyramine (at 
10-4y), Except for guanethidine the drugs did not affect the 
tone of untreated aortic strips. Guanethidine (at 5 x 107M) 
tlicited a slight contraction in half the untreated strips to 
vhich it was applied. ‘The significance of these findings will 
be discussed, 












Pharmacology 
AN EXPLANATION FOR ISOPROTERENOL VASOMOTOR REVERSAL. Bernard 


ot. and Faumone P, snlgyist. Dept. of Pharmacology, Med. 
ollege of Ga., Augusta, Ga. 


In a previous study which involved the determination of the 
specificity of ethylnorepinephrine (ENE) "reversal" (depressor 
to anak as a test for beta adrenergic receptor blockade, 
we noted that phenylephrine (PE), an agent that is devoid of 
beta blocking activity could also produce ENE "reversal" as 
well as isoproterenol (IS) "reversal." We also found that di- 
chloroisoproterenol (DCI) in reducing the positive chronotro- 
pic response to iS also reduced the pressor response to IS 
after PE. Recent reports (Walz, et all, J. Pharmacol. & Exptl, 
Therap. 129: 208, 1960) have stated that the pressor response 
to IS following PE pretreatment is not abolished by DCI treat- 
ment. In this present study we are determining the effects of 
DCI on IS "reversal" produced by a variety of different types 
of agents. To date we have found that the IS "reversal" re- 
sponse produced by pretreatment with either phenylephrine or 
ergotamine is definitely reduced by pretreatment with DCI, in 
the intact, anesthetized dog. We conclude, therefore, that 
isoproterenol "reversal" is due primarily to its cardiac ef- 
fects as was originally described by Lands, et al., J. Pharma- 
cology & Exptl. Therap. 100: 28), 1950. (Supported by grant 
H-3514 from National Heart Institute. ) 


Pharmacology 


CANINE BLOOD SUGAR AND LACTIC ACID RESPONSES TO ADRENERGIC 
AGENTS AFTER ADRENERGIC BLOCKADE, ‘ob. McCutcheon. * 
College of Pharmacy, Oregon State College, Corvallis, Ore. 

Previous reports concerning alterations in blood sugar 
produced by epinephrine after adrenergic blockade by diff- 
erent agents are conflicting. In this study blood sugar and 
lactic acid concentrations were determined during a 2 hour 
IV infusion of epinephrine (E), isoproterenol (I), ethylnor- 
epinephrine (ENE) or Win-3046 (W). The infusion was pre- 
ceded by a blocking dose of ergotamine (ERG), dichloroiso- 
proterenol (DCI) or phenoxybenzamine (PBZ). Comparing blood 
sugar and lactic acid concentrations with control values, 
E after ERG or DCI showed marked blockade. E after PBZ showed 
marked potentiation, I after ERG or DCI showed a marked block 
of blood sugar. response but little change in lactic acid 
response. I after PBZ showed marked potentiation of both 
values. ENE or W after ERG or DCI showed only a small block- 
ing effect but after PBZ showed marked potentiation. From 
the foregoing it can be concluded phenoxybenzamine is not a 
blocking agent in any sense as regards blood sugar and lactic 
acid under the described conditions, Both ergotamine and 
dichloroisoproterenol block the blood sugar and lactic acid 
effects of adrenergic agents under these conditions with 
dichloroisoproterenol being the more potent, (Supported by 
grant H-492/, National Heart Institute.) 


Pharmacology 


THE NATURE OF RESERPINE ACTION UPON ADRENAL GLAND. 
W. R. Burack*, P.R. Draskoczy* and N.Weiner, Dept. of Pharma- 
cology, Harvard Medical School, Boston. 

Catecholamine (CA)-containing heavy granules (HG) from adrenal 
glands of 15 fowl depleted by reserpine (R), 10 mg iv 24-72 hrs 
before decapitation, harvested by gradient density centrifugation, 
contained the same per cent of the total gland CA as the HG of 16 
controls (31. 1 * 3.4 v 30.4 * 1.7) and were as homogeneous. in 
depleted HG mean conc. CA/mg prot. was 0. 49 and in control HG 
1.36. Corresponding concentrations CA/g wet wt. whole glands were 
17.1+* 1.6 (21 fowl) and 56.7 * 2.6 (25 fowl). HGand whole gland CA 
coricentrations were directly related; for depleted glands r = 0.83 
and regression line intercepts ordinate at 7.5 * 1. 1 umol/g wet wt., 
suggesting extra-granular distribution of CA. Conc. of HG protein, 
which constitutes 35% of total gland protein, was not different in 
depleted and control glands (121 + 6.2 v. 123 + 4.6 mg/g wet wt.). 
Thus, loss of protein does not occur simultaneously with the excess 
loss of CA cations over nucleotide anions which R administration 
causes (J. Pharmacol. 130:245, 1960); maintenance of electrical neu- 
trality is probably due to loss from HG of a yet unidentified anion. 
(Supported by Amer. Heart Assn. fellowship, 59 AF 91; USAF SAM 
Contract AF 41 (657)-197; USPHS grants H-2205 and H-3674.) 











Pharmacology 


CARDIAC STIMULATION BY PHENOXYBENZAMINE IN THE 
SPINAL DOG. B. G. Bontey and D. R. Varma*. 
Dept. of Pharmacol., McGill Univ., Montreal, Can. 
In dogs subjected to transection of the cervical 
Spinal cord and vagotomy the antisympathomimetic 
drug phenoxybenzamine stimulated cardiac rate and 
contractility. These were further increased by in~- 
jecting reserpine an hour later. Since it has been 
found before that phenoxybenzamine has hypertensive 
and positive chronotropic and inotropic actions 
following ganglion~blocking drugs even in dogs in- 
jected with 20 mg./kg. of phenoxybenzamine the day 
before but nct in animals given reserpine 24 hours 
earlier (Benfey, Brit.J.Pharmacol., in the press), 
it is concluded that the drug releases small 
amounts of catecholamines. Phenoxybenzamine is also 
known to interfere with the inactivation of nor- 
adrenaline in the body (Brown and Gillespie, J. 
Physiol. 134: $1, 1957; Benfey et al., Brit. J. 
Pharmacol. 14+: 380, 1959), and it is suggested that 
the blockade of the adrenergic receptor Gaktwe- 
pathomimetic effect) involves both an impaired in- 
activation and a release of the sympathetic trans- 
mitter substance. (Supported by a grant from the 
National Research Council of Canada.) 


Pharmacology 


DICHLOROISOPROTERENOL (DCI) AND ISOPROTERENOL (ISU) ANTAGONISM 
OF NOREPINEPHRINE (NOR) CONTRACTIONS OF RABBIT AORTIC STRIP. 
M. Wurzel™, T. Pruss” and G. D. Maengwyn-Davies. Dept. of 
Pharmacology, Georgetown University Medical and Dental Schools, 
Washington, D. C. 

Single, non-cumlative doses of NOR, one every 7 to 10 
minutes, were given to contract rabbit aortic strips. Employ- 
ing a light frontal writing lever, 3-minute contraction 
heights, obtained whilst tapping the supporting bar, were re- 
corded on a kymograph. Strip relaxation was prompted by gentle 
stretching. Doses were successively doubled to obtain dose- 
contraction height curves. Test doses of NOR, producing 60 to 
70% of maximal contraction, were given at the end of a ]- 
minute preexposure period to antagonists, and were alternated 
with non-antagonized doses of NOR. Results: 1) The relative 
contracting potency of epinephrine (EPI), NOR and ISU is ap- 
proximately 1:1:50. 2) The dichloro (DC) analogs, DCEPI and 
DCNOR produce contractions in doses about 100 times greater 
than the OH-compounds. 3) DCI does not produce contractions, 
but is a potent antagonist; it can fully block NOR-induced 
contractions. l) Low doses of ISU, up to half of its minimal 
contracting dose, antagonize NOR up to 50%. 5) DCNOR and 
DCEPI do not antagonize, but potentiate. These findings ob- 
tained on an isolated organ and their implications for the 
whole animal will be discussed. (Grant B-1),8, NINDB, USPHS). 
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HYPERGLYCEMIC ACTIVITY OF SYMPATHOMIMETIC DRUGS IN ADRENAL- 
ECTOMIZED RATS. William W. Fleming* and Alexander D. Kenny. 
Dept. of Pharmacol., West Virginia Univ. Med. Cent., Morgan- 
town, W. Va. 
* It is generally held that adrenalectomy diminishes the 
hyperglycemic response to epinephrine (Ellis,Pharm. Rev. ,8,485, 
1956). Contrary to this view we have found that subcutaneous 
injection of epinephrine, isoproterenol, or dichloroisopro- 
terenol (DCI), at the doses indicated below, resulted in an 
increase in blood glucose level which was greater in adrenal- 
ectomized rats than in intact rats. All rate were fasted 
overnight before the experiment. Blood for glucose determi- 
nation was taken one hour after the injection. 

Increase in Blood Glucose, mg/100 ml. 

Epi Iso Dichloroisoproterenol 
Dose, mg/kg 0.1 0.5 1.0 3.0 10 30 100 
Intact 42 26 -2 0 3 6 15 
Adrenalectomized 64 41 20 25 30 4 37 

It is notable that DCI, known to have direct sympathomin- 

etic activity on certain other adrenoceptive sites, exhibits 
a hyperglycemic effect at a dose as low as 1.0 mg/kg. This 
hyperglycemic activity of DCI (1.0 mg/kg) was blocked by di- 
hydroergotamine (5 mg/kg). (Supported by a grant from NIE, 
D1152). 
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Pharmacology, 

THE EFFECT. OF RESERPIVYE ON THE SENSITIVITY OF THE RABBIT 
ILEUM TO SYMPATHOMIMETICS. J. L. Schmidt* and W. W. Flemins 
Dept. of Pharmacol., W. Va. Univ. Med. Cent., Morgantown, A 

Sympethomimetics are classified into three groups acc 
to whether sensitivity to each is greatly increased (I), w- 
changed or slightly decreased (II), or greatly decreased (1m) 
by denervation, cocaine or reserpine pretreatment (Burn, wh 
and Rand, M. J., J. Physiol. ,144,314,1958). However, thege 
classes have never been compared in organs inhibited by sy 
pathomimetics, This report shows that qualitatively the 
changes occured in the sensitivity of the isolated rabbit i, 
um to sympathomimetics following pretreatment with reserping 
(1 mg/kg, isp. every 48 hours for 8 days). The sensitivity} 
catecholamines was enhanced, that to ephedrine not changed 
significantly, and that to tyramine nearly abolished. The 
table compares the mean per cent inhibition of spontaneous 
activity produced by five sympathomimetics in control and 
reserpinized animals, 
group I I I II Ilr 
drug Epinephrine Norepi. Isoproterenol Ephedrine Tyranin 
pg/ml .001 2001 -001 3.0 100,0 
control 30 43 36 52 
reserp. 90 83 86 41 4 














(Supported by grant from NIH 2G-76(C2)). 


Pharmacology 
EFFECT OF SEVERAL AGENTS ON THE RESPIRATION OF AND 
CATECHOLAMINE (CA) RELEASE FROM FOWL ADRENAL SLICE, 
P.R. Draskéczy*, W.R. Burack* and N. Weiner, Department of 
Pharmacology, Harvard Medical School, Boston. 

Fowl adrenal slices incubated in Krebs-Ringer buffer metabolize 
glucose and consume Op at a constant rate. A progressive release 
of CA occurs at the same time. The effects of KCl, Reserpine Ri, 
Tyramine (T) and 2, 4-Dinitrophenol (DNP) on both the rate of CA 
release and the Op consumption of the incubated slices were studied, 
KCl produces an immediate increase of CA release but does not 
alter the O, consumption of the slices. R does not increase the CA 
release although it produces a depression of respiration. T doesm 
increase CA release in the first part of the incubation; after 2 hrs 
there is a slight but consistent increase in the release of CA. The 
Op, consumption of the slices is not influenced by T. DNP does not 
alter CA release for about 5 hrs; an increased release is observed 
after this period. O, consumption is increased in the presence of 
DNP. Thus, neither T nor R cause an immediate increase in the 
rate of CA release, and the respiration of adrenal slices does not 
appear to be related to CA release. (Supported by Amer. Heart 
Assn. fellowship 59 AF 91; USAF SAM Contract 41 (657)-197; USPH 
grants H-2205 and H-3674. ) 





Pharmacology 


RELEASE OF CATECHOLAMINES (CA) BY NICOTINE AND 
TYRAMINE, N. Weiner, W.R. Burack*, and P.R. Draskéczy*, 
Department of Pharmacology, Harvard Medical School, Boston, 

Intravenous (IV) administration of nicotine to anesthetized dogs 
results in brief, intense liberation of CA (predominantly epinephrit) 
into adrenal vein blood duringthe period in which the blood pressure 
(BP) is rising. Tyramine, in doses which produce equally intense 
but more sustained pressor responses, does not increase the CA 
content of adrenal vein plasma. In adrenalectomized dogs, nicotim 
(0. 1-0.6 mg/kg IV) produces marked pressor responses which are 
associated with several-fold increases of plasma CA levels (predomi: 
nantly norepinephrine). Tyramine IV, in doses which produce equl 
or greater BP rises, is associated with only slight and inconsistett 
increases in plasma CA. It appears either that tyramine does not 
act simply by CA release from nerve endings, or that the released 
CA is somehow prevented from reachingthe blood stream as readily 
as after nicotine-induced release. (Supported by Amer. Heart Asst. 
fellowship 59 AF 91; USAF SAM Contract 41 (657)-197; USPHS 
grants H-2205 and H-3674. ) 
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Pharmacology 


EARLY POTENTIATION OF VASCULAR RESPONSES TO NOREPINEPHRINE BY 
INTRAVENOUS GUANETHIDINE, Francois M, Abboud*, John W, Eck- 
stein* and Santiago A, Pereda*, C,V. Res, Labs,, Dept, of Int, 
Med,, State Univ. of Iowa, Iowa City, Iowa, 

Vascular responses to graded doses of norepinephrine were 
determined before guanethidine and immediately after its acute 
effects had disappeared, Tests were done on 9 closed-chested 
dogs prepared with thiopental and gallamine and on 5 healthy 
men, Observations were made on arterial pressure, forearm 
plood flow in men and cardiac output (dye dilution) in dogs. 
Statistical analysis of the data showed that the dose-response 
curves of the standard and test situations were parallel and 
that the bioassays were valid, The relative potency (within 
95% fiducial limits) of norepinephrine with respect to both 
its pressor and vasoconstrictor effects was greater after 
guanethidine in dogs, In men the pressor effect was increased 
but the caliber of the blood vessels was unchanged, Reduced 
or unchanged vascular caliber in the presence of increased 
distending pressure means that guanethidine increased the re- 
sponsiveness of the blood vessels to norepinephrine in both 
men and dogs, This early increase in sensitivity does not 
seem to be of the same nature as the hypersensitivity which 
follows chronic postganglionic denervation or chronic adminis- 
tration of reserpine, 


Pharmacology 


NATURE OF COCAINE DESENSITIZATION OF EPHEDRINE PRESSOR EFFECTS. 
¢ i and [, Koppanyi. Dept. of Pharmacology, 
Ceorgetown Univ. Medical and Dental Schools, Washington, D. C. 
Ephedrine, i.v., even in doses of 0.5 kg, given re- 
peatedly at hourly intervals, showed gradual decrease of press- 
or responses (tachyphylaxis). Cocaine (20 mg/kg, s.c.) as 
shown by Tainter (J.P.E.T. 36: 569, 1929) and confirmed by us, 
abolished the ephedrine pressor responses. When cccaine was 
preceded by bretylium (10 kg, iev.), ephedrine gave con- 
tinued significant pressor responses. Cocaine plus ephedrine 
may deplete norepinephrine stores, whereas bretylium pretreat- 
ment may prevent such depletion. In order to test this hy- 
pothesis, following one control post-cocaine injection of 
ephedrine, norepinephrine was infused at a constant rate 
(2-6 mcg/min.). Twenty minutes to one hour after starting the 
norepinephrine infusion, ephedrine pressor responses could 
again be elicited. In contrast to control experiments, fol- 
lowing the pretreatment with bretylium or during continuous 
norepinephrine infusion, each hourly injection of ephedrine 
(for 3 consecutive hours) produced increased pressor re- 
sponses. (The cocaine control, the bretylium-cocaine and the 
cocaine-norepinephrine infusion experiments were done on a 
large sample and statistical evaluation of the data yielded 
highly significant results.) (Supported in part by 
Ww 6837 C2, NIMH, USPHS.) 


Pharmacology 


TACHYPHYLAXIS OF SYMPATHOMIMETIC AMINES. Frederick F. Cowan”, 
1, Koppenyi and G. D. Maen Davies. Dept. of Pharmacology, 
Georgetown Univ. Medical and Dental Schools, Washington, D.C. 
Tachyphylexis development with ephedrine, amphetemine and 
tyramine was demonstrated in atropinized, chloralosed cats, 
measuring four parameters: arterial B.P., heart rate, tonus 
and contraction of the nictitating membrane. Results: 
1) Completeness of ephedrine tachyphylaxis was not seen as 
tepidly as reported in the literature. 2) Ephedrine and 
emphetemine produced tachyphylaxis of the heart rate, while 
tyramine did not. 3) When an overt increase of vascular 
Smooth muscle tone was not epparent, an increase in nictitat- 
ing membrane tonus was seen with ephedrine and amphetamine; 
whereas, with tyramine, no such increase was noted. ) All 
three sympethomimetic amines, however, caused tachyphylaxis 
of nictitating membrane contractions. The influence of nor- 





epinephrine on these parameters will be shown and discussed. 
(Supported by Nat'l. Foundation of Medical Education #, and 
Grent B-111,8, Nat'l. Institute of Neurological Diseases end 
Blindness, USPHS.) 
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Physiology 


SEROTONIN AND TRANSMISSION IN SYMPATHETIC 
GANGLIA, Emanuel C, Hertzler* Dept. of Physiology, 
Washington Univ. School of Medicine, St. Louis, Mo. 

Rat sympathetic ganglia were isolated and maintained in 
nerve chambers where they were intermittently immersed 
in physiological saline containing low concentrations of a 
compound under observation, The consequence of exposing 
the ganglion to a compound was judged by change in (1) the 
threshold of postganglionic responses to preganglionic 
stimuli or (2) the amplitude of postganglionic responses 
evoked by submaximal preganglionic stimulation. Serotonin 
(5-hydroxytryptamine) in concentrations as low as 1,3 x 
10°6M reduced the threshold and increased the amplitude of 
responses but had no effect on direct (nonsynaptic) nerve 
fiber transmission. Certain antagonists of serotonin de- 
pressed postsynaptic responses, In vivo experiments 
supported this finding and together suggest that serotonin 
facilitates synaptic transmission in sympathetic ganglia of 
the rat. (Supported by grants from the Am. Heart Assn. and 
USPHS, research grants B1673, B2045, Special Fellowship 
BT-674 and 2B-5240, ) 





Pharmacology 
MODE OF ACTION OF GANGLION-BLOCKING SUBSTANCES, 
U. Trendelenburg, Dept. of Pharmacology, Harvard Med. Sch., 
Boston. 

On the frog rectus van Rossum and Ariéns (Arch, int. Pharma- 
codyn., 118:447, 1959) found hexamethonium (C6) to be a competitive 
antagonist of acetylcholine (ACh), whereas chlorisondamine and 
mecamylamine are non-competitive (unsurmountable), An analysis 
of the mode of action of these ganglion-blockers on the isolated 
guinea pig ileum is complicated by (a) the bell shaped dose response 
curve for ganglion-stimulating agents, (b) "muscarinic" side effects 
of ganglion-stimulating substances, and (c) "atropine-like" side 
effects of ganglion-blockers. Dose response curves were obtained 
with ACh (for direct effect on smooth muscle) and with dimethyl- 
phenylpiperazinium (DMPP) (for stimulation of ganglia), The modi- 
fication of the dose response curves by ganglion-blocking agents 
indicates that C6 has a competitive, chlorisondamine and mecamyl- 
amine a non-competitive mode of action; all three have little or no 
atropine-like side effects. DMPP has "muscarine-like" actions only 
in high concentrations. (Supported by U.S. P.H.S, Grant B-1713,) 


Pharmacology 


DRUG-INDUCED FACILITATION AND INHIBITION OF TRANSMISSION IN A 
SYMPATHETIC GANGLION, W,K, Riker, A, Komalahiranya* and 





P, Aramendia,* Schools of Med,, Univ, of Pa,, Phila,, Pa, 


Monophasic recordings were made (in vivo) of postganglionic 
potentials evoked by supramaximal stimulation (once every 4 
sec,) of the cervical sympathetic trunk of the cat, Drug 
injections were made intraarterially, 3-30 yg of mcarbamyl 
phenyltrimethylammonium iodide (m-carb, PIMA) produced an im 
mediate increase in amplitude of the postganglionic potential, 
Carbachol, the aliphatic analogue of m-carb, PIMA, produced 
only inhibition of transmission in the dose range 0,3-3 yg. 
The duration of effect for both drugs was of the order of 1-3 
min,, suggesting that the carbamate group functions chiefly 
in relation to duration of effect, The facilitatory activity 
of mcarb, PIMA is revealed more fully when ganglion trans- 
mission is partially blocked by d-tubocurarine, In this situ- 
ation m-carb, PIMA effects an immediate, maintained antagonism 
of the block, Carbachol does not antagonize the d-tubocura- 
rine block, though its depolarizing effect is intense enough 
to initiate propagated postganglionic discharge, We hypothe- 
size that the inhibitory effect of carbachol is related to its 
depolarizing potency whereas facilitation is an expression of 
attenuated depolarizing activity, as in m-carb, PIMA, 
(Supported by U,S, Public Health Service Grant B-1816,) 
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PHARMACOLOGICAL PROPERTIES OF THE METHANE SULFONYL ESTER OF 
CHOLINE, Eileen T. Eckhardt” and Fred W. Schmeler, Dept. of 
Pharmacology, Tulane University School of Medicine, New 
Orleans, La. 

The methane sulfonyl ester of choline (MSC) was synthesiz- 
ed and its pharmacological activity compared to that of Ace- 
tylcholine (Ach). In the dog an i.v. dose of 0.15 mg/kg re- 
sults in a depressor-pressor biphasic blood pressure response, 
and a marked stimlation of respiration followed by depress- 
ion, From blockade studies, using both dog blood pressure 
and cat nictitating membrane responses, it was concluded that 
the major action of the compound is one of ganglionic stimla- 
tion. MSC also produces a transient neuromuscular blockade; 
in the chicken the activity is equipotent to that of Ach 
(0.4 mg/kg) but in the dog it is not always discernible in 
doses which produce ganglionic stimlation. MSC has weak 
muscarinic activity. It is atout 960 times less potent than 
Ach on the guinea pig ileum, MSC inhibits cholinesterase in 
vitre only in high concentrations (1 x 107M), which would 

to rule out cholinesterase inhibition as the primary 
naiied im of action of this substance ‘= vivo. In mice the 
i.v. LDeg is 1.9 mg/kg and the i.p. Ts 1,.7 mg/kg, as 
compared to 30 and >125 mg/kg, pata tad for Ach, Death 
apparently results from neuromuscular blockade, (Supported 
by a grant from USPHS, CY - 3037). 





Pharmacology 


PRESSOR ACTIVITY OF UNSATURATED ACID ESTERS OF 
CHOLINE, A. A. Sekul* and W. C. Holland, Dept. of Phar- 
macology, Univ. of Mississippi Med. School, Jackson, Miss. 





Choline esters of 4Punsaturated acids were found to poss- 


ess hypertensive action in the absence of atropine. Consid- 
erable loss of activity results when the acid is saturated or 
when the double bond is shifted to the 8 or ¥ position. 


to the carbonyl group also exhibited pressor activity. Sen- 
ecioylcholine (SCh) was the most active. Crotonyl, 2-pen- 
tenoyl, sorbyl and cinnamoylcholine were about 1/4 as active 
as SCh. Vinylacetyl and 4-pentenoylcholine were without 
effect. The hypertensive action of these esters is partially 
blocked by adrenalectomy and can be abolished by ganglionic 
blockade before and after adrenalectomy. All unsaturated 
esters as well as their saturated homologs exhibited pressor 
activity in the presence of atropine. Data has accumulated to 
indicate that the pressor action of thed Punsaturated acid es- 
ters is mediated through ganglionic stimulation. In view of 
the structural similarity of these esters with that of acetyl- 
choline it is thought that the ganglion stimulating effect of 
acetylcholine is due to the negatively charged keto oxygen. 


Pharmacology 


EFFECTS OF 5-HT, IPRONIAZID AND RESERPINE ON SUBMAXILLARY 
SALIVATION. Lawrence M. Petrucelli*, Peter H. Bulle and 

Mahmoud Oskoui*. Dept. of Pharmacology, Georgetown Univ. 

Medical and Dental Schools, Washington, D. C. 

Wharton's duct in dogs was cannulated and a stimulating 
electrode placed on the chorda tympani. Continuous electrical 
stimulation of low voltage and frequency was applied to cause 
@ flow of saliva approximating 12-15 crops per min. Single 
injections of from 50-100 micrograms of 5HT into the common 
carotid artery via the cranial thyroid artery produced a 
potentiation of salivation. 5-HI in this dose range produced 
no salivation by itself. The intravenous administration of 
iproniazid further increased tke potentiation observed with 
identical doses of 5-HT. The intravenous administration of 
reserpine, in single doses, which in itself produced saliva- 
tion—an effect which at present is believed to be central-- 
also further potentiated 5-HT after cessation of reserpine- 
induced salivation. The effect of a combination of reserpine 
and iproniazid on 5-H potentiation is being studied. Prelim- 
inary experiments indicate that serotonin by subminimal infu- 
sion potentiates the sialagogue effect of ACh. The present 
study tends to indicate that while 5-HT may not be necessary 
for neural transmission, it may facilitate transmission at 
parasympathetic ganglia and/or neuroeffectors. (Supported by 
Grant My-3562, National Institute of Mental Health, USPHS.) 
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Pharmacology 


DEPRESSION OF GANGLIONIC TRANSMISSION BY MO-911, (N-METHYL-3- 
BENZYL~2-PROPYNYLAMINE HYDROCHLORIDE) A NON-HYDRAZINE : 
MONOAMINE OXIDASE INHIBITOR. F. M. DaCosta* and Ly I, ; 
Goldberg. Exptl. Therap. Branch, Natl. Heart Inst., Bethesda, 
Md, 

MO-911 was administered intravenously to 10 cats anesthe 
tised with chloralose, In every experiment 50-100 mg/kg of 
MO-911 decreased transmission through the superior cervical 
ganglion as measured by recording the emplitude of the action 
potential from the postganglionic nerve or the amplitude of 
contraction of the nictitating membrane produced by pre=- 
ganglionic stimulation, Depression of transmission was ob- 
served within 5 minutes and lasted from 15-30 minutes, 
Transmission through the pre- and postganglionic nerves was 
not similarly affected, However, bradycardia produced by 
vagal stimlation was depressed, MO-91l, therefore, differed 
from harmine, another non-hydrazine inhibitor, which depresses 
sympathetic transmission without blocking such vagal effects 
(Proc. Soc, exp. Biol. N.Y., Nove, 1960). As Taylor et al 
(Nature 187:941, 1960) have demonstrated that MO0-911 is an 
irreversible inhibitor, there may be no relationship between 
the transient ganglionic depression produced by this agent 
and monoamine oxidase inhibition, 


Pharmacology 
SENSITIVE ASSAY OF MONOAMINE OXIDASE ACTIVITY; APPLICATION 10 
SYMPATHETIC GANGLIA AND HEART. Walter Lovenberg*, Robert 
Levine* and Albert Sjoerdsma. Exp. Therap. Branch, Natl. 
Heart Inst., Bethesda, Md. 

A procedure more sensitive than those based on amine dis- 
appearance or oxygen consumption was needed to measure mono- 
amine oxidase (MAO) activity in tissue samples containing low 
levels of the enzyme. This was accomplished by fluorimetric 
assay of indoleacetic acid (IAA) formed during incubation 
with tryptamine. Metabolism of tryptamine by MAO yields in- 
doleacetaldehyde which is further oxidized in vivo to IAA by 
the DPN-requiring enzyme, aldehyde dehydrogenase (ADH). With 
appropriate additions of exogenous ADH and DPN the rate of IM 
formation has been shown to be a valid index of the oxidative 
deamination of tryptamine in vitro. With this assay it has 
been possible to measure MAO activity in a single ganglion 
weighing 10 mg. Ganglia of cat, dog and man were found to 
contain 15-20% the specific MAO activity of rat liver (30 mol. 
IAA/gm/hr). Dog and rabbit heart were particularly weak 
having a specific activity only 3% that of rat liver; rat 
heart was more active being about 12%. This new technique 
will facilitate study of MAO in tissues in which amines are 
thought to have physiologic functions but where content of 
MAO could not be easily measured heretofore. 





Pharmacology 


INFLUENCE OF SEVERAL SYMPATHOMIMETIC AMINES ON SYNAPTIC 
TRANSMISSION IN THE SUPERIOR CERVICAL GANGLION. Efrain G. 


Pardo, Jorge Cat Enrique Gijén* and Francisco Alonso-de 
Floride*. en of Pharmacology and Physiology, Facultad 





de Medicina, U.N.A.M., México, D.F. 

In view of the conflicting reports regarding the influ- 
ence of catecholamines on ganglionic transmission, of the 
very little information on the action of other sympathoni- 
metic amines at this site and of the fact that part of the 
data available have been obtained using effector response 
as criterien of ganglionic blockade, it was decided to 
obtain systematic information on the action of epinephrine, 
norepinephrine, isoproterenol, ephedrine, amphetamine, 
phenylephrine and isometheptene on transmission at the 
superior cervical ganglion measuring the postganglionic 
action potentials resulting from single maximal stimuli sp 
plied to the preganglionic nerves. The three catecholamines 
produced facilitation at low rates of infusion and blook- 
ade at high rates. Epinephrine was slightly more active 
than norepinephrine and both were clearly more active than 
isoproterenol. The other sympathomimetic amines were much 
less active than the catecholamines, produced facilitation 
only occasionally, tut were followed by blockade when admit 
istered at rates as low as 0.08 min. These results 
support the physiological importance of adrenergic influ- 
ences on ganglionic transmission. 
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Pharmacology 


EVIDENCE THAT NOREPINEPHRINE IN SYMPATHETIC GANGLIA MODULATES 
SYMPATHETIC SYNAPTIC TRANSMISSION. E. Costa, A. M, Revzin,* 
R, Kuntzman*, S, Spector, and B. B. Brodie. Natl. Insts, of 
Health, Bethesda, Md, ; 

Marrazzi and others have demonstrated that injected epi- 
nephrine and norepinephrine inhibit ganglionic transmission, 
put the effects following the administration of a naturally 
occurring substance do not necessarily define its physiolog- 
ical role. Determination of the effects induced by depletion 
of ganglionic NE seemed like a more direct approach to this 

lem, Transmission of nerve impulses in superior cervical 
sympathetic ganglia of cats and rabbits is markedly enhanced 
after reserpine-induced depletion of ganglionic norepinephrine. 
transmission is also enhanced by administration of the adre- 
nergic blockers, ergotamine and dibenamine. Similar effects 
vere obtained by giving bretylium, a compound which prevents 
the physiologic release of NE. In contrast, reserpine-induced 
release of ganglionic norepinephrine in animals pretreated 
with a MAO inhibitor (A-19120), which stabilizes free NE in 
the ganglion, results in a pronounced depression of ganglionic 
transmission which lasts until the ganglionic norepinephrine 
disappears. These results support the concept that norepi- 
nephrine in ganglia modulates the action of the transmitter, 


Pharmacology 


IMPLUENCE OF 5-HT ANTAGONISTS ON THE GANGLIONIC STIMULANT 
ACTION OF 5-HT AND DMPP. Elliot H, Bindler* and Laszlo 
Qyermek. Geigy Research Laboratories, Ardsley, N. Y, 

Various agents known to block the effects of 5-HT on the 
nervous (M), and muscular (D) recevtors of the guinea vig 
ileum, were studied on the inferior mesenteric ganglion of 
the cat, Spontaneous postganglionic nerve activity was 
recorded while stimmlating the ganglion by close intraarterial 
injection of 5-HT or DMPP, 5-HT from 2.5 to 15ug, and DMPP 
fron 0,5 to hug, produced increased activity in the post- 
ganglionic nerve fibers, Previous i.a,. injections of cocaine, 
norphine and 2-bromo LSD from 40 to 20Qug, produced selective 
dlockage against 5-HT, Atropine and LSD, from 200 to 40Qu2 
Dlocked 5-HT and DMPP equally. Dibenzyline did not cause 
appreciable blockade up to 1 mg i.a. or 5 mg/kg i.v. In 
contrast to the above agents, hexamethonium blocked only 
PP, Although the results indicate the existence of specific 
5-H? recentor sites in the sympathetic ganglia, a similarity 
of these receptors to the M-receptors of the guinea pig ileum 
(Gaddum) could not be established, 


Pharmacology 


ACTION OF GUANETHIDINE AND BRETYLIUM ON GANGLIONIC TRANSMIS- 
SION, S.B. GERTNER AND A. ROMANO*™, Dept. of Pharmacology, 
Seton Hall College of Medicine, Jersey City, N. J. 

Both guanethidine and bretylium have been shown to possess 
the ability to peripherally block the outflow from the sympa- 
thetic nervous system, Although not clearly proven, it has 
been suggested that these drugs block the release of the 
sympathetic mediator from the postganglionic sympathetic nerve 
terminals, It was thought desirable to test whether the symp- 
athetic ganglionic neuron was also blocked by these two drugs. 
When guanethidine hydrochloride or bretylium tosylate were 
perfused through the superior cervical ganglion of the cat 
they produced a type of block similar to that seen with 
iproniazid and beta-phenylisopropyl hydrazine. 10 pg/ml of 
guanethidine hydrochloride produced a complete bl within 
?hours, Higher concentrations resulted in a more immediate 
block, Bretylium tosylate appeared to be somewhat weaker in 
action, The block of transmission definitely occurred at the 
@nglionic synapse for postganglionic stimulation was un- 
altered during the period of total block of preganglionic 
stimulation, The perfusion of the anticholinesterase, 
tiysostigmine salicylate, was ineffective in overcoming the 
tlock of transmission. 
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INTRAVENTRICULAR INJECTION OF VENOMS. Findlay E. Russell and 
Vernon C. Bohr. Lab. Neurol. Res., College of Medical 
Evangelists, Los Angeles, Calif. 

Patterns of reaction were studied following the intraven- 
tricular injection of the venoms of Crotalus adamanteus, C. 
atrox, C. horridus, Ancistrodon piscivorus, A. contortrix. 
Centruroides sculpturatus, Vejovis spinigerus, Latrodectus 
mactans and Urolophus halleri. Intraventricular cannulas, 
modified from that described by Feldberg and Sherwood (J. 
Physiol., 120,3P,1953), were implanted in the left or right 
lateral ventricles of anesthetized adult cats under aseptic 
conditions. The Crotalus venoms induced changes ‘in behavior, 
motor function, and in the autonomic nervous system: these 
were most marked following injection of C. adamanteus venom. 
A. piscivorus venom provoked changes similar to those of C. 
adamanteus venom. More severe autonomic nervous system dys- 
function and motor deficit were seen following the injection 
of C. sculpturatus venom. This venom also provoked sham 
rage, which in some animals was followed by convulsive activ- 
ity. The venom of V. spinigerus produced some patterns 
similar to those seen following injection of C. sculpturatus 
venom. L. mactans and U. halleri venoms induced only minor, 
and usually transient, changes in behavior, autonomic 
function and motor activity. 
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ANTAGONISM OF PHENOTHIAZINE DERIVATIVES TO THE SEG EFFECTS OF 

PHYSOSTIGMINE AND AMPHETAMINE. Edward J. Westerbeke* and 

Richard P. White. Div. of Pharmacology, Univ. of Tennessee 
nits, Memphis. 

Since ethopropazine(Parsidol} is employed clinically as 
an antiparkinson agent; whereas, promethazine, thioridazine 
and promazine are not, it seemed of interest to ascertain 
whether the former drug would preeminently block the EEG 
activation produced by low doses(0.1mg/kg) of physostigmine 
in unanesthetized rabbits. In comparatively low doses (1-3mg/ 
kg) all of the phenothiazines induced synchronous EXG 
pattern which was converted to an alert pattern by physostig- 
mine. In higher doses(10mg/kg) the phenothiazines also induc- 
ed an EEG sleep tracing but only Parsidol blocked the EEG 
effects of physostigmine indicating, together with marked 
mydriasis, significant anticholinergic actions. Moreover, 
Parsidol exerted the least neurosedative effect of the four 
phenothiazines. Experiments with d-amphetamine indicate that 
all of the phenothiazines tested antagonize the EEG and 
behavioral effects of this drug and that no significant dis- 
tinction exists between the phenothiazines in this regard. 
Hence, the pharmacological data suggest that the antiparkin- 
son ection of Parisdol is exerted by means of a central anti- 
cholinergic effect. Other phenothiazines are being studied. 
(Supported by U.S.P.HeS. Senior Research Grant SF-279) 
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COMPARATIVE EEG STUDY OF THE ANALEPTIC EFFECT OF DICHLOROISO- 
PROTERENOL (DCI) AND AMPHETAMINE. Leonide Goldstein* and 
Carlos Munoz*, Dept. of Pharmacology, Emory Univ.,Atlanta, Ga. 
The effect of DCI, a beta-adrenergic blocking agent, and 
of dl-amphetamine, upon the EEG depression induced by dif- 
ferent drugs was studied quantitatively on the EEG of con- 
scious unrestrained rabbits with permanent intra-cranial 
electrodes, The Electronic Integrator of Drohocki was used. 
All the drugs were injected i.v. The doses of the depressant 
drugs used produced equivalent levels of depression without 
inducing deep sleep. DCI (4 mg/kg) markedly reversed the EEG 
depressant effect of pentobarbital (6-20 mg/kg), morphine 
(2-5 mg/kg), meprobamate (12-20 mg/kg) and, to a lesser extent, 
that of reserpine (1 mg/kg injected 4 hours prior to the ex- 
periment). DCI did not reverse the depressant effect of 
chlorpromazine (5 mg/kg) and of phenoxybenzamine (4 mg/kg). 
When DCI was injecced before the depressant drugs (same doses 
as above), it prewented, during the 10 to 15 minutes following 
their administration, most of the effects of pentobarbital and 
of morphine, but not those of chlorpromazine and of phenoxy- 
benzamine, These actions will be compared with those obtained 
under similar conditions with dl-amphetamine. 
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UNIQUE EFFECTS OF A PYRROLOPYRIMIDINE (B.W. 58-271) ON THE 
ELECTRICAL ACTIVITY OF THE BRAIN. Stata Norton. The Wellcome 
Research Laboratories, Tuckahoe, New York. 

B.W. 58-271 (2-methyl 4-benzylamino pyrrolo-[2,3-d] pyri- 
midine) is an anesthetic in cats, dogs, mice, rats, rabbits, 
pigeons and man but has certain marked pharmacological differ- 
ences from ether and pentobarbital, In cats unconsciousness 
occurred with intravenous doses of 3-4 mg/kg. Doses of 8-16 
me/kg eliminated spontaneous electrical activity of the brain 
as recorded with macroelectrodes. However, in this "flat 
brain" various modes of peripheral sensory stimli resulted 
in bursts (2-3 sec.) of slow waves in the brain, In order of 
descending effectiveness in eliciting these bursts were sight, 
sound, touch and sciatic stimlation, These effects were 
observed for up to 5 hours without cardiovascular deterior- 
ation. Because of the unusual ease with which the EEG was 
blocked by this compound, recordings of the firing of cortical 
neurons were made with microelectrodes, Neurons in the post- 
sigmoid and lateral gyri were studied. Block of spontaneous 
firing paralleled block of spontaneous electrical activity of 
the EEG, Evoked firing of neurons of the lateral gyrus in 
response to light and movement across the visual field was 
independent of effects on the EEG, 
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TREMORINE FREMOR IN CHRONIC SPINAL RATS. Eek, Chalzers” and 
GeK.W. Yim*. Purdue Univ. School of Pharm., ayette, Ind. 

There have been conflicting reports of Tremorine's ability 
to induce tremor below the level of section in chronic spinal 
cats. In this study female Wistar albino rats weighing about 
200 gm. were prepared by spinal cordectomy at level Tg-Tg and 
challenged with Tremorine (i.p.) during successive stages of 
spinal shock recovery. All rats showed sustained head and 
forelimb tremor. As ipsilateral flexion response to toe pinch 
returned (1 day), Tremorine (up to 20 mg/Kg) induced no spinal 
tremor. After recovery of the crossed extensor reflex (5 days- 
7 weeks postop), Tremorine (5-10 mg/Kg) induced periodic tremor 
bursts and bilateral hind leg and hip movements. Kemadrin (10 
mg/Kg) blocked tremors both above and below level of section. 
Preliminary studies indicated that unilateral section of dorsal 
roots to hind limb innervation abolished tremor in the ipsilat- 
eral leg. Eserine salicylate (1 mg/Kg) and arecoline HBr (5- 
10 mg/Kg) each produced a similar spinal tremor that was 
blocked by Kemadrin. In contrast, the quaternary anticholin- 
esterase, prostigmine methylsulfate (0.1-1 mg/Kg) produced a 
slow quivexing tremor of all extremities that was not abolished 
by Kemadrin or acute limb denervation, indicating action at the 
myoneural junction. Spinal Tremorine tremors were blocked by 
acute limb denervation. It is concluded that Tremorine produces 
definite tremors below the level of section in chronic spinal 
rats. 
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EMETIC AND PYRO C EFFECTS OF STAPH, ENTEROTOXIN (S.E.) IN 
CATS, W.G. Clark*”, G.F. Vanderhooft* and H.L. Borison. Dept. 
of Pharmacology, Univ. of Utah Med, Coll,, Salt Lake City. 

Cats were prepared chronically with a retroperitoneal 
thermocouple and a jugular catheter or a lateral ventricular 
cannula, Body tem. was recorded automatically at 20 min, 
intervals. We used purified S.E. (90%) obtained from M.S. 
Bergdoll (see Arch, Biochem, Biophys., 1959, 85, 62), Emesis 
was produced regularly by S.E., 1 pg/kg i.v., within 1 hr, 
With increasing dosage the latency of the emetic response 
decreased to as little as 7 min. after || pg/kg. S.E. in doses 
of 5 and 10 pg/kg was still effective in eliciting emesis in 
3 cats with chronic ablation of the medullary emetic chemo- 
receptor trigger zone, Lateral ventricular injection of S.E. 
(17 tests), however, never caused vomiting, even in doses 
ranging from 1-16 pg in 0.25-1.0 ml of sol, Intravenous S.E., 
1 pg/kg, produced marked increases in body temp, in 5 cats with 
onset occurring before 3 hrs. and peak (at least 3° F) about 
9-10 hrs. The fever persisted approximately 2l; hrs. Lateral 
ventricular injection of S.E. also evoked fever, but inter- 
pretation of this result remains uncertain, Five cats with 
chronic midbrain transection continued to show a pyrogenic 
response but not an emetic response to i.v. S.E. (Supported 
by USPHS Grant B91.) #NIH Predoct. Fellow GF-9177. 
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LOWERED CONVULSIVE THRESHOLDS TO HEXAFLUORODIETHY]” 
ETHER PRODUCED BY DRUGS WITH DIFFERENTIAL EFFECTS @ 
BRAIN SEROTONIN AND NOREPINEPHRINE LEVELS. Ed 
Truitt,Jr. and Ethel M, Ebersberger# Dept.o ; 
cology, Univ.of Maryland Sch.of Med., Baltimore,Md, 

Reserpine lowers convulsive thresholds to electy. 
shock, pentylenetetrazol and hexafluorodiethyl ethe 
(HFE). The possibility that this effect might be re 
lated to changes in brain levels of Serotonin or Ng. 
epinephrine has been investigated by means of threg 
drugs reported to produce a differential change in 
these amines. Dimethylaminobenzoyl methylreserpate 
(SU-5171) ,4-methyl-m-tyrosine(MK345) and «-methyl- 
3,4-dihydroxy-d1-phenylalanine (a-methyl-DOPA , MK-350} 
were tested at varying intervals for their action @ 
HFE convulsive thresholds in mice. As previously 
found for reserpine, the greatest effect was a short. 
er latency of preconvulsive myoclonic jerks. Clonie 
convulsive thresholds were not significantly change, 
but the frequency of severe tonic convulsions and 
deaths increased. By comparison to the reported tim 
curves of the action of these three drugs on brain 
amine levels, the changes in convulsive thresholds 
seem temporally related to the Serotonin changes in 
brain. Supported by grant MY-25)0 
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ALTERATIONS IN RESPONSIVENESS TO RESERPINE FOLLOWING CHRONIC 
BRAIN LESIONS IN RATS. Martin W. Adler*. Dept. of Pharmacol- 
ogy, Albert Einstein Coll. of Med., New York,N.Y. 

An increased sensitivity to the stimulant effects of amphet- 
amine on spontaneous locomotor activity in rats subjected to 
bilateral lesions of the frontal or posterior cortex was re- 
ported in a previous communication (Adler, Fed.Proc. 19:269, 
1960). It was also reported that rats with bilateral lesions 
of the rostral portions of the caudate nucleus did not mani- 
fest this change. Utilizing the same indicator, these animals 
were tested for responsiveness to the depressant effects of 
reserpine. It has been reported (Smith, et al, J.Pharmacol. 
Exp.Ther. 117:136, 1956) that in monkeys with frontal, temp- 
oral, or combined fronto-temporal lesions, there is a decres- 
ed effect of reserpine on an avoidance test in the pooled op- 
erated group. In the present study, a dose of 0.5 mg/kg I.P. 
resulted in a significant decrease in spontaneous locomotor 
activity in control animals and in animals subjected to the ° 
frontal ablations. This was not noted in animals with caudate 
or posterior lesions. Although the difference between the cai- 
date and the control group was just shy of significance witha 
multiple range test, the posterior group differed significant- 
ly from the control group. (Supported by U.S.P.H.S. Pharmacol- 
ogy Training Grant 2G-65 and Interdisciplinary Grant 2M-6416, 
National Institute of Mental Health). 
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CNS STIMULANTS AND ELECTRICAL BRAIN ACTIVITY IN SPONTANEOUSLY 
BEHAVING CATS. Barbara B. Brown, Riker Labs., Northridge, Cal. 

Effects of LSD, amphetamine and deanol on spontaneous and 
evoked brain electrical activity and spontaneous behavior were 
evaluated in "chronic" cats. Behavior changes were subtle; re 
sponses indicated alterations in perception and meaning to im 
ternal and external stimuli. The cats' behavioral contribu- 
tions to drug effect were seen both overtly and electrically; 
amphetamine "calming" hyperactive but alerting lethargic cats, 
change in space discrimination by LSD; also individual shifts 
between EEG frequency and behavioral state. LSD (0.0015 mg/kg 
i.v.) caused frequent rhythmic bursts in cortex, altered hip- 
pocampal theta activity, dissociation between cortex and sub: 
cortex in alerting response, displacement of EEG dominant fre 
quency with respect to behavioral state. Auditory potentials 
were reduced, but rhinencephalic and visual potentials were 
enhanced, Except for photic responses, effects of intraven- 
tricular LSD were opposite in direction. d-Amphetamine 
(0.02 mcg/kg i.v.) caused dissociation between EEG and be- 
havioral states, depressed reticular conduction but enhanced 
responses to amygdala and photic stimulation. Deanol (10 
mg/kg i.v.) shifted relationship between EEG frequency and 
behavioral state without obvious change in behavior, and en- 
hanced reticular and cortical activity as evaluated by evoked 
potentials (USPH Grant MY- 2855). 
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BEHAVIORAL AND PHARMACCLOGICAL DIFFERENCES AMONG CERTAIN 


sTRAINS OF MICE. 
mr. Dept. of Pharmacology and Therapeutics, Grade School and 


Skriteh School of Med. of Loyola U., Chicago, Ill. 


Priscilla Bourgault* and Alexander Ge Karoz- 








While comparing the effect of certain "tranquilizing" drugs 
on fighting behavior of aggressive strains of mice it became 
of interest to compare behavioral and pharmacological diffe- 
rences between these strains and the common mousee The main 
strains were ¢57B1/6 mice, an inbred aggressive strain of the 
house mouse, and SCI mice originating from a CF=I strain. 

Some limited studies were also undertaken on Peromyscus, & 
mative American mouse. C57B1/6 mice had a lower threshold to 
pentylenetetrazol seizure. They also responded uniformly 
with regard to onset of clonic convulsions, extensor toms 
ani death while white mice responded more slowly and less uni- 
foruly. C57B1/6 mice had a higher motor activity as measured 
by Bastian Cages. They were also more sensitive to chlor- 
promazine as indicated by a climbing test. The normal clim- 
bing behavior of white mice was slower and was extinguished 
mre rapidly than that of C57B1/6 mice. Preliminary studies 
have not shown any difference in climbing behavior after ad- 
ninistration of reserpine. No differences in adrenal weights 
between the two strains were found. The mechanism underlying 
these differences is discussed. (Supported in part by State 
of Illinois Mental Health Grant 1718.) 
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MECHANISM OF INTERACTION BETWEEN THIOPHOSPHONATE ANTICHOLINE- 
STSRASES. Oe Awad* and Alexander G. Karozmar. Dept. of Phar- 
moology and Therapeutios, Grad. School and Stritch School of 
Wede of Loyola Ue, Chicago, Ill. 

Thiophosphonate insecticide EPN is converted into more po- 
tent anticholinesterase by liver-DPN incubation; its congener 
Malathion is detoxified by the liver (Murphy et al., Proc. 
$000 Bxpe Biol. Meds, 96: 813). Activation and inactivation 
of these compounds by the liver oan be demonstrated upon their 
iw. or intraventricular administration to hepatectomized dogs. 
Then inoubated EPN is administered with winoubated Malathion 
via these routes potentiation of inhibition rather than addi- 
tive effect on central AChE oan be demonstrated; potentiation 
of inhibition occurs also in vitro with inoubated EPN and unin- 
cubated Malathion. In the intact animal, potentiation of in- 
hibition of central cholinesterases ocours even when subeffeo- 
tive doses of Malathion are given before similar doses of EPN. 
These and other data (Karozmar and Awad, this issue) are dis- 
oussed from the viewpoint of the mechanism of potentiation 
arising from thiophosphonate combinations suggested by Murphy 
etal. An alternative hypothesis is also dis de (Suppo 
ted in part by PHS Grant B-1368.) 
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MCHANISM OF TOXICITY AND OF POTENTIATION OF TOXICITY ARISING 
FROM COMBINED ADMINISTRATION OF THIOPHOSPHONATES. Alexander 
G. Karoemar and 0» Awad*. Depte of Pharmacology rapeu- 
Hes, Grad. School and Stritoh School of Mede of Loyola U., 
Chicago, Ill. 

In dogs, EPN inactivated central, partioularly medullary 
AChE almost completely at lethal doses. Inhibition of gang- 
lionic and blood cholinesterases was comparable with that of 
Sentral enzymes. Malathion was less effective at equitoxic 
ioees against central AChE but more against peripheral ChE's. 
Sombined EPN and Malathion caused <aloulated potentiation 
rather than additive synergism with regard to toxicity and 
AChE inhibition. Central, particularly medullary AChE inhi- 
tition was less extensive when Malathion content was increased 
‘nd when Malathion was given prior to EPN. The fact that po- 
tentiation of toxicity and of neuroeffector phenomena arise 
‘pon administration of subeffective doses of Malathion 1 hour 
defore BPN and other data (of. Awad and Karcsmar, this issue) 
Suggest that anti-"Malathionase" action of EPN only partially 
oxplains its potentiation of Malathion. In case of EPN and 
certain EPN-Malathion combinations inhibition of medullary 
AChE may be toxigenic while peripheral and noncholinesterasic 
fictors may be significant with Malathion and EPN-Malathion 
combinations of high Malathion content. (Supported in part 
by PHS Grant B-1368.) 
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THE EFFECT OF MORPHINE ON THE REGENERATION OF BRAIN 
NOREPINEPHRINE AFTER RESERPINE. D. X. Freedman, D. H. 
Fram, and N. J. Giarman. Yale Univ. School of Med., New 
Haven, Conn. 

Effects of morphine on whole brain levels of norepinephrine (NE) in 
rat were determined spectrophotofluorimetrically. After a single dose 
of 20-60 mg./kg. of morphine NE is d d 15% below control lev- 
els during the first 4 hours, and increased 10% above controls at 24 
and 48 hours. On tolerance dosage schedules, NE levels are 5% above 
controls 2 hours after the last dose, 25% at 4 hours, and 10% above at 
24 hours. When morphine (50 mg./kg.) is given 24 hours before reser~ 
pine (2.0 mg./kg.), the NE levels are 44% higher than those of reser- 
pine controls 4 hours after reserpine, 82% higher 24 hours after reser- 
pine, and 6% higher 48 hours after reserpine. With morphine given 24 
hours after reserpine, brain NE levels are increased 45% above reser- 
pine controls 28 hours after reserpine. Morphine temporarily and 
partially reverses the NE releasing property of reserpine. This observa- 
tion can be explained as an effect on the NE binding mechanism, and 
may account for the increases in NE observed when morphine is given 
alone. (Supported by USPHS Grant MY 3363.) 
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BLOCKING OF RESERPINE ACTION BY IMIPRAMINE, A DRUG DEVOID OF 
STIMULATORY EFFECTS IN NORMAL ANIMALS. F. Sylser*, J. S. 
Watts*, and B. B. Brodie, Natl. Insts, of Health, Bethesda, 
Md, 

Imipramine (Tofranil) can exert antidepressant effects in 
patients with mental depression but does not elicit excita- 
tion in normal animals or man. The antidepressant action of 
imipramine is evident in studies which show that in rats pre- 
treated with the drug the following effects of reserpine are 
prevented; depression, miosis, diarrhea, blepharospasm, hypo- 
thermia, and potentiation of hypnotics. The effects of chlor- 
promazine are not prevented by the drug. Imipramine is par- 
ticularly effective in blocking the centrally mediated in- 
crease in parasympathetic output produced by reserpine. In un- 
anesthetized dogs imipramine (5 mg/kg) prevents or blocks the 
enhanced submaxillary salivation induced by reserpine. This 
antagonistic effect takes pla‘e centrally and not peripherally 
at parasympathetic ganglia or at the effector organ, Evidence 
will be given to support the view that imipramine acts through 
its formation in vivo of a much more active metabolic product. 
Like imipramine the metabolite does not elevate levels of 
brain amines nor appreciably affect the release of brain 
amines and intestinal serotonin by reserpine. 
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STIMULATION OF PITUITARY-ADRENAL AXIS OF RAT BY CHLORPROMAZINE 
AND CONGENERS. R, 1. Smith*, R Maickel*, and B. B. Brodie. 
Natl. Insts. of Health, Bethesda, Md. 

Doses of chlorpromazine and other phenothiazines that pro- 
duce sedation in rat also cause stimulation of pituitary- 
adrenal system, After giving chlorpromazine (10 mg/kg i.p.), 
adrenal ascorbic acid is depleted; plasma corticosterone and 
free fatty acid levels are elevated for a period of at least 
6 hours; and liver tryptophan peroxidase activity is increased 
by 300%. Chlorpromazine mus* be given in amounts which pro- 
duce sedation in order to activate the pituitary-adrenal sys- 
tem, Thus doses less than 3 mg/kg fail to elevate plasma 
corticosterone, to produce overt sedation, or to potentiate 
hexobarbital anesthesia, These doses do not prevent the 
pituitary-adrenal response to cold exposure. Chlorpromazine 
sulfoxide, the major metabolite of chlorpromazine, shows no 
sedative action in rats. This compound does not activate the 
pituitary-adrenal system in doses of 100 mg/kg. The results 
suggest that hypersecretion of ACTH is part and parcel of the 
action of chlorpromazine on the central nervous system, If 
chlorpromazine in therapeutic doses also stimulates ACTH re- 
lease in man then it is important to know the biochemical and 
physiological consequences of this action after long-term 
treatment. 
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REVERSIBLY-ACTING RESERPINE ANALOGS - PHARMACOLOGICAL AND 
BIOCHEMICAL PROPERTIES OF COMPOUNDS OBTAINED BY SUBSTITUTING 
AN ETHER FOR THE ESTER LINKAGE. E. Cuenca*, R, Kuntzman*, E, 
Costa and B. B. Brodie. Natl. Insts, of Health, Bethesda, Md. 
Two reasons make it difficult to maintain a constant clin- 
ical effect with reserpine; 1) Orally, the drug is largely de- 
esterified in gut; 2) it is cumulative in its effects. A 
better reserpine-like drug would be stable in gut and not ex- 
ert cumulative effects, The two epimeric forms of the methyl 
ether of methyl reserpate (Su 9064 and Su 8842 - Ciba Labs.) 
were found to be stable in gut and to act reversibly. In rab- 
bits (2.5 mg/kg, I.V.), they produce reserpine-like effects; 
sedation, decreased activity, lowered responsivity, depressed 
respiration, extreme miosis, blepharospasm, and enhanced 
light reflex. The drugs preferentially release brain NE, but 
central effects are associated with change in 5HT. One mg/kg 
elicits no sedation, lowers brain NE by 50%, and does not af- 
fect brain 5HT; 2.5 mg/kg elicits sedation, completely depletes 
brain NE and lowers brain 5HT by 50%; 5 mg/kg elicits adynamia 
and completely depletes 5HT as well as NE. About 15 hours 
after giving drug, the level of brain 5HT approaches normal 
and pharmacologic effects disappear. At this time NE content 
is still low. Unlike reserpine, single doses of the drugs 


given orally or I.V. are almost eguelly active. Preliminary 
clinical reports show that these drugs exert a reversible 


tranquilizing action in psychotics, 


Pharmacology 


BLOOD CSF EXCHANGE STUDIED BY VENTRICULAR PERFUSION. 
S.S. Cardoso* and D. Symmes*. Depts. of Pharmacol. 
and Physiol. , Yale Univ. Sch. of Med., New Haven, Conn. 
Perfusion of the ventricular and subarachnoid spaces of 
the brain by infusing artificial CSF into one lateral ventricle 
and collecting effluent from the subcerebellar cistern is a 
useful method for studying the passage of substances from 
blood to CSF. In these experiments on anesthetized cats 
the dilution factor introduced has been determined for . 
various rates of perfusion by use of tritiated water. Behavior 
of a number of other substances with reference to the blood 
CSF barrier has been investigated and the following CSF/blood 
ratios were obtained: 6-Azauridine, 0.013; 5-Iododeoxyuri- 
dine, 0.078; Glycine, 0.29; 6-Azauracil, 0.43; Glucose, 
0.57. These values are comparable to those obtained in 
animals sacrificed after an equivalent period of time without 
brain perfusion. The experiments also suggest that the blood- 
CSF barrier is not adversely affected by the perfusion 
procedures. 
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NEUROLOGIC AND NEUROPATHOLOGIC EFFECTS OF PROLONGED ADMINISTRA- 
TION OF JB 516, JB 835 AND OTHER MONOAMINE OXIDASE INHIBITORS. 
H, M, Maling, B. Highman# and S. Spector. Natl. Insts. of 
Health, Bethesda, Md. 

Prolonged administration of phenylisopropylhydrazine (JB516) 
in dogs, cats, and squirrel monkeys consistently produced 
marked neurologic symptoms, including ataxia and impaired motor 
coordination, Marked symptoms also developed consistently in 
dogs after phenylisobutylhydrazine (JB 835), but occurred only 
occasionally in dogs treated with other monoamine oxidase inhb- 
itors, After prolonged administration (3 to 52 weeks) of JB 
516 (0.5 to 4 mg/kg s.c. or 4 mg/kg orally, 5 days/week or of 
JB 835 (4 mg/kg s.c., 5 days/week), most dogs developed neuro- 
logic lesions, usually in the inferior olivary nucleus, or in 
the pyriform lobe, or in both. In the inferior olivary nuckas, 
many neurones showed marked vacuolation and some were shrunken. 
In the pyriform lobe, many neurones showed chromatolysis and a 
diffuse eosinophilic staining. Both areas showed some demye- 
lination. Pyridoxine did not prevent symptoms or lesions, 

Such lesions were not found in cats, rabbits, and squirrel 
monkeys given JB 516, or in dogs given other inhibitors. Dogs 
showed markedly elevated serotonin and unchanged norepinephrine 
levels in brain-stem and spinal cord after prolonged adminis- 
tration of all doses of JB 516. These findings demonstrate the 
danger of delayed toxicity with chronic administration of drugs 
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CONVULSANT EFFECTS OF COCAINE. E. Eidelberg, H. Lesse*™ ang 
F. P. Geult®. University of California at Los Angeles ani 
Long Beach Veterans Administration Hospital, California, —~ 

Experiments on cats and rats have shown that cocaine cap 
induce generalized convulsions in both species. These sej. 
zures are preceded by clinical and electrographic signs of 
emygdaloid paroxysmal discharge. Significant protection — 
against such seizures is afforded by Dibenamine, chlorprom. 
zine, reserpine, pyridoxine and hydroxylamine. Conventional 
anticonvulsants are ineffective in preventing cocaine conv. 
sions. Mono-amino-oxidase inhibitors potentiate the effects 
of subconvulsant doses of cocaine. Previous bilateral amyg. 
daloid lesions in rats had protective effects against these 
convulsions. It is proposed that cocaine initiates these gej. 
zures by potentiation of “adrenergic” transmission in the 
amygdaloid region. Experimental data will be shown bearing q 
the possible identity of the transmitter involved. 
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ELECTROENCE PHALOGRAPHIC AND CLINICAL STUDY OF THE TOTALLY 
HEMIS PHERECTOMIZED MONKEY DURING NORMAL AND INDUCED 
CONVULSIVE ACTIVITY. ert White,* Collin Ma. 

and Reginald G. Bickford. Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

Totelly hemispherectomized, hemidecorticated and normal 
Rhesus monkeys were examined electroencephalographically 
under normal conditions and during activation with 
pentylenetetrazol (metrazol). Each animal was prepared by 
surgical placement of 6 extradural electrodes connected to 
@ central housing unit permanently fastened to the skull by 
acrylic. Recordings made following cerebral ablation 
revealed marked reduction in electrical activity over the 
removed hemisphere; however, during chemically induced 
seizure a considerable increase in activity was recorded 
from these same electrodes overlying the ablated cerebrum, 
Examples of these electroencephalographic changes will be 
demonstrated and discussed. Clinical observation of the 
totally hemispherectomized monkey during convulsive seizure 
revealed a syndrome consisting of (1) deviation of the head 
and eyes toward the operative side, (2) marked lateral 
nystagmus and (3) severe contralateral facial weakness. 
Tonic-clonic movements of all extremities also were observed 
consistently. A 3-minute color-sound movie will be shown 
to illustrate this phenomena. 


Physiology 


ANTICONVULSANT EFFECT OF LIBRIUM IN EPILEPTIC MONKEYS 
Joseph G. Chusid and Lenore M, Kopeloff.* St. Vincent's 
Hospital, N.Y.C. and N.Y.State Psychiatric Inst., N.Y.C. 
Librium (7-chloro-2-methylamino-5-pheny1-3H-1 , 4-benzodiaze- 
pine 4-oxide hydrochloride) was injected intravenously rapidly 
in graded doses up to 35 mg/kg in 5 monkeys (Macaca mulatta) 
with chronic experimental epilepsy produced by alumina cream 
treatment of cerebral cortex and in 6 normal monkeys. Epilep- 
tic monkeys became refractory to the convulsant effects of 
challenge doses of pentamethylenetetrazole (24 mg/kg i.m.) 
and their electroencephalograms showed less abnormalities 
(spikes, sharp waves, slow waves); minimal effective anti- 
convulsant dosages of Librium ranged from 1,1 to 4.4 mg/kg i.%. 
Normal monkeys similarly treated also became refractory to the 
convulsant effects of challenge doses of pentamethylenetetra- 
zole (64 mg/kg i.m.). EEG's were characterized by increased 
amounts of regular, moderate amplitude fast (25/sec) activity 
with absence of superimposed muscle potentials following the 
intravenous injections of the larger dosages of Librium. 
(Aided by a grant from Natl. Insts, of Health, P.H.S.). 
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091-242 NEUROPHARMACOLOGY 


Biochemistry 





Hg EFFECT OF AMMONIAGENIC COMA ON THE LEVELS OF FREE AMINO 
ygmpS IN THE BRAIN. G.J.Wright,* F,Navasio,” and M.K.Horwitt. 
L,BeMendel Research Lab., Elgin State Hospital, Elgin, ‘ 


Previous studies have shown that intraperitoneal injections 
of 0.6 ng./gn.body weight of ammonium acetate into rats ele- 
yated levels within 7-10 minutes and caused hypertonic con- 
yisions, coma, and 50% incidence of deaths. Brain ammonia 
levels returned to normal within 45 min. in surviving animals. 
In this study convulsions and coma induced by ammonium acet- 
ate were observed in 10-12 minutes. The rats were sacrificed 
15 to 30 minutes after administration of convulsant agent by 
imersion of the head in a dry ice-acetone bath, and extracts 
of brain prepared and analyzed for free amino acids on an 
mtomatic amino acid analyzer. Levels of aspartic and glu- 
tanic acids and urea decreased significantly, while gluta- 
nine increased, but only 50% of the loss of glutamic acid 
could be accounted for as glutamine. Taurine, threonine, 
phosphoethanolamine and y-aminobutyric acid were largely 
maffected. Metrazol-induced convulsions did not alter the 
pattern of free amino acids from that seen in control 
aninals, The large losses of aspartic and glutamic acids in 
amonia-treated animals suggest the need for the additional 
study of the pathways of ammonia detoxification in the brain. 


Pharmacology 


THE CENTRAL EFFECT OF HEXAHYDRO~-2' -METHYLSPIRO [CYCLOHEXANE- 
1,6" (6H)-OXAZINO/3,4-A/PYRAZINE7. G. Chen and F. P. Hauck* 
Res. Div., Parke, Davis & Co., Ann Arbor, Mich. 
Hexahydro-methylspirocyclohexane oxazino pyrazine (COP) 
was found to procuce clonic and tonic extensor seizures in 
mice and frogs very similar to those seen with strychnine. 
furthermore, the seizure response of mice to COP, like that 
of strychnine, was aggravated under the influence of a- 
penzoylamino-B-(3-pyridyl )acrylic acid piperidide. By sec- 
tion of the neural axis in frogs, the tonic extensor sei- 
gures were abolished only after destruction of the spinal 
cord. However, whereas the convulsive dose of strychnine 
for reserpine-treated mice was not different from that for 
untreated controls, the convulsive dose of COP was less for 
reserpinized animals. In this aspect, COP resembles penty- 
lenetetrazol or picrotoxin in central action. On the other 
hand, the convulsions induced by COP could not be easily 
suppressed by various CNS depressants except at highly neuro- 
toxic dosages. Apparently COP exerts a major action directly 
on the spinal cord. 





Pharmacology 


THE ANTICONVULSANT EFFECT OF NIALAMIDE AND DIPHENYLHYDANTOIN. 
8. Y. P'an, W. H. Funderburk and K. F. Finger*. Medical Re- 
search Laboratories, Chas. Pfizer & Co., Inc., Groton, Conn. 
The effects of nialamide on electroshock seizures have been 
studied in mice and rats and correlated with the concentration 
of brain serotonin (5HT) and norepinephrine (NE). Nielamide 
in doses of 100 mg/kg, intraperitoneally, increased the thres- 
hold current required to produce maximal seizure pattern in 
both species, thus exhibiting anticonvulsant activity. In 
view of conflicting reports (Bonnycastle, et al., Brit. J. 
Pharm. 12: 228, 1957; Prockop, et al., Ann. N. Y. Acad. Sc. 
80: 643571959) on the possible existence of a relationship be- 
tween an increase in brain 5 HT and NE and the anticonvulsant 
action of diphenylhydantoin, it was of interest to investigate 
the effect of drugs, such as nialamide or reserpine which 
alter the brain levels of 5 HT and NE, on the anticonvulsant 
action of diphenylhydantoin. It was found that pretreatment 
of mice with nialamide, which elevates these amines, poten- 
tiated the anticonvulsant action of diphenylhydantoin. Pre- 
treatment with reserpine, which releases these amines, on the 
otherhand, very markedly decreased the anticonvulsant action 
of diphenylhydantoin. The significance of these findings in 





Telation to brain 5 HT and NE will be discussed. 





240 NEUROPHARMACOLOGY—Depressants 


Pharmacology 


CENTRAL DEPRESSANT AND INTERNEURONAL BLOCKING PROP- 
ERTIES OF A NEW 2-SUBSTITUTED PYRIMIDINE COMPOUND, 
Thomas B. O'Dell, Martha D. Napoli* and Joseph H. 
Mirsky. Research Laboratories, Irwin, Neisler Co. 
Decatur, Illinois. 

2-(B-Hydroxyphenethylamino) -pyrimidine, (the 
pyrimidine analog of phenyramidol), has been shown 
to possess marked muscle relaxant (interneuronal 
blocking) and central depressant properties, both of 
which are quite general in character. With acute 
intravenous administration, it can produce a state 
of general anesthesia with the following character- 
istics: dose-comparable to pentobarbital; immediate 
induction; depth of anesthesia-greater than the bar- 
biturates; duration of anesthesia and recovery per- 
iod are quite short, but anesthesia can be maintain- 
ed by infusion. The compound has no measurable an- 
algesic activity, in contrast to the analgesic ac- 
tivity found with its pyridine analog, phenyramidol. 
Its effects on voluntary and stimulated motor activ- 
ities of mice indicate a sedative type of central 
depressant action, It is a poor potentiator of bar- 
biturate anesthesia, but can itself be markedly po- 
tentiated by other drugs. The compound possesses 
moderate, but general, anticonvulsant properties. 





Pharmacology 


PHARMACOLOGICAL STUDIES OF A NEW CENTRALLY ACTING SKELETAL 
MUSCLE RELAXANT, N-CYCLOPROPYL-3 , 5-DICHLORO-4-AMINO BENZAMIDE 
(MR1230). T. E. Lynes* and G. M. Everett. Abbott Laboratories, 
North Chicago, Illinois. 

MR1230 is a long acting central depressant which produces 
decreased activity and muscular relaxation. In doses of 20 to 
50 mg/kg by the oral route, the compound produces a diminution 
of normal motor activity in mice, rats, cats, dogs and monkeys. 
Ataxia and decreased muscle tone are the predominant symptoms 
at doses of 75 to 150 mg/kg. The onset of depression is un- 
complicated by preliminary excitement and the duration of de- 
pression is from 6 to 24 hours depending on dosage. Depression 
of body temperature occurs at dosages which produce profound 
neurological deficit. MR1230 has anticonvulsant action againe 
electroshock and metrazol seizures. Of particular interest is 
the action of MR1230 as a strychnine antagonist. The median 
effective dose in preventing death after a lethal dose of 
strychnine (2.0 mg/kg, s.c.) in mice is 15.5+2.4 mg/kg, I.P. 

In normal mice this dose produces some decreased activity and 
loss in grip strength. MR1230 has no effect on the autonomic 
nervous system as determined by blood pressure studies in cats 
and dogs. In cats, anesthetized with chloralose or decerebra- 
ted, MR1230 had no profound effect on polysynaptic or mono- 
synaptic spinal reflexes. Electroencephalographic studies in 
cats and monkeys will also be reported. 





Pharmacology 


EFFECT OF DEPRESSANT DRUGS ON THRESHOLDS FOR AVERSIVE BRAIN 
STIMULATION. V. G. Vernier, J. J. Boren,* P. G. kospp* and 
J. L. Malis.* Merck Inst. Therap. Res., West Point, Pa. 

ds for aversive brain stimulation were determined 
with electrodes chronically implanted in subcortical areas of 
the rhesus monkey (VPL, VPM, CM, reticular formation, trigemi- 
nal ganglion). Pulse intensity was automatically stepped up 
until the monkey made 19 lever presses, which reset current to 
zero and began another cycle. Average peak pulse intensity 
was recorded for several subcortical areas in rotation before 
and after drugs. Anileridine was most potent in raising aver- 
sive thresholds. The change was dose-related and threshold 
rose as much as 5 times. Morphine also raised aversive 
thresholds. With both analgesics higher doses abolished regu- 
lation and lever pressing. The morphine effect persisted 
longer than that of anileridine and was reversed by nalor- 
phine. Chlorpromazine abolished regulation by stopping lever 
pressing; amphetamine reversed this effect. Pentobarbital 
caused similar effects for a shorter time. Two behavioral 
expressions of drug action were observed, postponement of 
lever pressing until a higher current level was reached and 
complete failure to respond. It is tempting to relate the 
former with analgesic action and the latter with a more gener- 
al depressant effect. This possibility and localization of 
sites of analgesic action will be discussed. 
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241 NEUROPHARMACOLOGY—Neurohumoral Transmission 
Pharmacology 


THE STIMULANT EFFECT OF TEA ON ACETYLCHOLINE OUTPUT 
FROM THE SUPERIOR CERVICAL GANGLION: COMPARISON WITH 
BARIUM. W. W. Douglas and D. W. Lywood?* Pharmacology Dept. 
Albert Einstein College of Medicine New York 61, N. Y. 

In experiments to see whether drugs might increase acetylcholine 
output from the superior cervical ganglion during preganglionic 
stimulation it was found that barium (6mM) had such an effect (Douglas 
Lywood & Straub: Proc. Physiol. Soc. 30 July 1960). Barium seemed 
to act by: 1) participating in the calcium -dependent physiological 
mechanism for ACh ejection (Ba (2mM) restored ACh output after it 
had been abolished by perfusion with a Ca-free solution) and 2) pro- 
longing the duration of the individual impulses in preganglionic fibres. 
We have now found a second substance which will increase ACh output 
from the Locke-perfused ganglion, tetraethylammonium (0.5-8.5mM). 
Unlike Ba however, TEA failed to restore ACh output in ganglia 
perfused with Ca-free solution and thus did not appear to participate 
directly in the Ca mechanism for ACh ejection. The action of TEA 
in our experiments is probably due entirely to its prolonging 
preganglionic action potentials. This may augment ACh output by 
facilitating Ca entry at the nerve endings. (Supported by U.S.P.H.S. 
grants B 1319 and B 1093). 





Pharmacology 
EFFECTS OF EPN AND MALATHION ON RETICULAR FORMATION STIMULA- 
TION. Seward A. Ridlon* and Alexander G. Karczmar, Dept. of 
Pharmacology and Therapeutics, Grad. School and Stritch School 
of Medicine, Loyola University, Chicago 12, Ill. 

Previous studies in this laboratory have shown that toxic 
doses of EPN and Malathion do not significantly alter the EEG 
pattern of atropinized, high spinal cats. EPN at toxic doses 
inhibits 80-100% of brain CHE, Malathion 50-60% of the brain 
CHE. Combinations of the two drugs at subtoxic levels, do 
cause alerting of the EEG. In view of the postulated choliner- 

c transmission in the reticular formation, at least in part, 

Rinaldi & Himwich, Arch. Neurol. Psychiat., 1955) it was 
thought that the cholinergic effects of Malathion and EPN might 
be more readily determined when tested by threshold stimulation 
of the reticular formation. It was found that EPN in doses of 
0.4-1.0 mg/Kg does not lower the threshold per se, but does 
increase the duration of the resulting alerting response in 
cortical leads. The same is true for low doses of Malathion 
(10mg/Kg). Higher doses of EPN and Malathion, but still below 
the levels necessary for significant CHE inactivation, do alter 
the threshold for the alerting response. (Supported in part 
by USPHS Grant B-1368. ) 


Pharmacology 


ASYNCHRONOUS POSTGANGLIONIC DISCHARGE FROM DFP-TREATED 
RESTING SYMPATHETIC GANGLIA, RK, L, Volle*, Schools of Med,, 
Univ, of Pa,, Phila,, Pa, 

Persistent asynchronous postganglionic firing from resting 
superior ganglia following i,a, injection of DFP was studied 
with conventional electrophysiological techniques, Since the 
response did not occur in chronically denervated ganglia, it 
was concluded that activation of discharge originated in the 
presynaptic nerve terminals, No consistent relationship 
between the occurrence of discharge and inactivation of 
cholinesterase was observed, TEA, in doses which blocked 
completely the evoked action potential, first enhanced then 
depressed the discharge, When smaller doses were used, only 
a stimulatory response to TEA was observed, d-Tubocurarine, 
600 yg i,a,, although producing a complete blockade of the 
spike, had only a stimulatory effect on the discharge, 
Hexamethonium abolished the spike, depressed slightly the 
response to injected ACh and had little effect on the dis- 
charge, On the other hand, atropine, in doses that had no 
effect on the response to ACh or the evoked spike, blocked 
completely the discharge, These findings suggest that the 
mechanism underlying the discharge differs from that of the 
spike, 
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Pharmacology 
CEREBRAL SYNAPTIC INHIBITORY ACTION OF IN SITU SEROTO,. 
IN. Amedeo S. Marrazzi, E. Ross Hart, Melvyn I, Gluckman anj 
Zola Horovitz? Vet, Admin, Research Laboratories in Neuro- 
psychiatry, Pittsburgh, Pa, 

On the basis of the cerebral synaptic inhibitory action of minute 
doses of serotonin, we proposed it in 1955 as a cerebral i 
neurohumor, We supported this in 1957 by demonstrating the sig}. 
lar action of intracarotidly injected MAO inhibitor, which caused, 
fall in the titre of cerebral MAO in the injected hemisphere anda 
presumed accumulation of serotonin corresponding to the cerebral 
synaptic inhibition, A coinplete correlation is now presented be- 
tween rise in cerebral concentration of the intracarotidly injected 
MAO inhibitors, iproniazid and phenylisopropylhydrazine (JB-516), 
fall in cerebral MAO titre, rise in cerebral serotonin concentration, 
and extent of cerebral synaptic inhibition indicated by reduction in 
height of the transcallosally evoked cortical potential, The tentati 
conclusion ascribing a neurohumoral role to serotonin is strengther 
ed by satisfying the criterion that an in situ action be demonstrated 
for the candidate substance, This has been achieved by the correl- 
tion of the cerebral biochemical and functional effects of MAO in- 
hibitors, 





242 NEUROPHARMACOLOGY—Peripheral Effects 

Pharmacology 
PROPULSIVE FORCES GENERATED BY TRACHEAL CILIA. R.E. Gogselip 
and C.S. Eytel*, Department of Pharmacology and Toxicology, 
Dartmouth Medical School, Hanover, New Hampshire. 

On a short Plexiglas spool (dia. 1.5 mm.) an inflatable 
cuff about 10 mn. wide was fashioned from a small rubber 
finger-cot. The assembly was inserted into the distal end of 
a freshly excised hen trachea mounted in an air incubator at 
37° C. By injecting air through a polyethylene capillary tuk 
sealed into a hole at the caudal end of the spool, the col- 
lapsed cuff was inflated until it pressed against the trachea 
mucosa but did not stretch the rubber. Cilia then tended to 
move the device rostally. By opposing this motion with a 
strain gauge attached to the polyethylene tube, equilibrium 
forces of 500 to 1500 mg. were recorded, with occasional 
values up to 4000 mg. The force proved to be a function of 
the pressure between the balloon wall and the mucosa, but eva 
pressures as high as 50 mm. Hg failed to inhibit the develop 
ment of tension. By deflating the balloon periodically and 
superfusing the mucosal surface with a few ml. of unbuffered 
Ringers solution at pH 7.0, the preparation was kept viable 
and comparatively stable for several hours. In prelisiany 
expts. 5-hydroxytryptamine in conens. of 10-9 to 10-5 gm./ml. 
had no prominent or consistent influence on the propulsive 
force generated by the tracheal cilia. (Supported by PHS 
research grant RG 5145). 


244 NEUROPHYSIOLOGY 
Physiology 


NEONATAL BRAIN OXYGEN. A. Beran*, G.A.Misrahy, 
J.F.Spradley*, S. Dzinovic*. Deafness Research Laboratory, 
Childrens Hospital, Los Angeles 27, California. 

Tissue aO2 was measured by polarographic technique using 
coated platinum cathodes. Neonatal and adult brain aO2 are 
the same. Their reaction to such pharmacological agents a8 
epinephrine, nor-epinephrine, pitressin and apresoline are 
qualitatively similar but quantitatively different. The neonate 
is 10-15 times less sensitive to these drugs than the adult. 
Slight mechanical pressure applied to either the fetus or neo 
nate head lowers brain, liver, kidney and muscle aOz2. After 
the pressure is released, recovery occurs faster in the brail 
than in the other organs. Simultaneous recordings of brain 
aO2 and heart rate show that severe brain hypoxia induced by 
placing the animals in a N2 rich atmosphere occurs prior 0 
a decrease in the heart rate of fetal, neonatal and adult guin@ 
pigs. Similar observations were made in the cat. (Supported 
by NIH Grant # B - 1135 ) 
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Physiology 
EFFECTS OF SECTION OF THE CORPUS CALLOSUM ON DECOMPRESSION 
HYPOXIA AND ON PENTYLENETETRAZOL (METRAZOL) CONVULSIONS. 
S,Je MANAX* AND GoW, STAVRAKY. DePT.:OF PHYSIOLOGY, UNIV. OF 
TesTERN ONTARIO, LONDON, CANADA. 

FEG STUDIES OF CEREBRAL CORTICAL ACTIVITY WERE CARRIED OUT 
iy 47 WHITE RATS WITH CHRONICALLY IMPLANTED ELECTRODES FOUR 
10 $IX MONTHS AFTER SECTION OF THE CORPUS CALLOSUM. Exposed 
to SIMULATED ELEVATED ALTITUDE AT WEEKLY INTERVALS, 22 CORPUS 
CALLOTOMIZED ANIMALS REVEALED A GREATER SENSITIVITY TO HYPOXIA 
THAN 25 CONTROLS. THIS WAS SHOWN BY A LOWER THRESHOLD OF CON~ 
yyLSABILITY AND BY A LONGER DURATION OF THE CONVULSIONS. EEG 
WANIFESTATIONS OF HYPOXIC AND PENTYLENETETRAZOL=INDUCED CON= 
yyLSIONS WERE SIMILAR IN MANY ASPECTS$ HOWEVER, WHILE THE SUS~ 
cepTIBILITY OF THE ANIMALS TO CONVULSIONS WAS REDUCED BY 
REPEATED WEEKLY EXPOSURES TO HYPOXIA, WEEKLY INJECTIONS OF 
pENTYLENETETRAZOL HAD THE OPPOSITE EFFECT. WHEN INJECTED 
THREE OR FOUR TIMES A WEEK PENTYLENETETRAZOL RAISED THE THRES= 
yo.D OF CONVULSABILITY OF THE ANIMALS. THE HIGH AMPLITUDE 
sow EG WAVES SEEN IN ANOXIC CONVULSIONS WERE REPRODUCED IN 
2 SACRIFICE EXPERIMENTS BY HYPOXIA OR ASPHYXIA. THEY PERSIS= 
TED AFTER CURARIZATION OR SPINAL TRANSECTION HAD ABOLISHED 
THE MUSCLE POTENTIALS THUS INDICATING THE CEREBRAL ORIGIN OF 
THE RECORDED DISCHARGES. (SupPoRTED BY THE DEFENCE RESEARCH 
BoaRD AND THE NATIONAL RESEARCH COUNCIL OF CANADA. ) 


Physiology 


RECOVERY CURVES OF ELEMENTS OF THE SENSORY PATHWAYS. 
David L. Winter*, Peter Kellaway, and James Frost*. Baylor Univ. 
College of Medicine, Houston, Texas. (R) 
In the unanesthetized and progressively Nembutalized ‘ “cat, recovery 
curves to peripheral nerve stimulation were determined for the medial 
lemniscus, internal capsule, and primary sensory cortex. The lemniscal 
curve rose quickly to 50-70% recovery and then gradually returned to 
normal, the duration of the sequence being dependent upon the depth 
of anesthesia. The capsular and cortical curves followed a simple 
almost logarithmic progression. Smooth curves were obtained only when 
anesthesia was very deep and spontaneous activity minimal. The effect 
of the latter was most pronounced after about 60% recovery when 
marked variation in evoked responses occurred. A fairly constant family 
of curves was obtained for successive levels of thesia. The capsul 
showed consistently higher slope values at a given depth of anesthesia 
than the cortex, and decreased linearly with increasing depth. The 
cortical slopes fell linearly to a certain critical point and then re- 
mained constant in spite of increasinganesthesia. As previously demon- 
strated the greatest effect of barbiturate anesthesia is at a thalamic 
level but there is, in the deeper stages, an additional effect at acortical 
level, 








Physiology 


THE POSITIVE RESPONSE TO SMALL SPOT ILLUMINATION IN THE 
CYPRINID FISH RETINA. Koguke Watanabe* and Tsuneo Tosaka.* 
Tokyo Women's Medical College, Tokyo, Japan. 

The amplitude of e.r.g. from the eye cup was approximately 
Moportional to the area illuminated, if the retina was well 
covered with vitreous humour. However, the eye cup without 
vitreous humour or the isolated inverted retina gave enhanced 
Positive potentials by decreasing the diameter of a stimulus 
spot to a value of about 0.5 mm. This positive response was 
Compared with the e.r.g. by intraretinal recording. Polarity 
of the positive response was unchanged during retinal pen- 
tration or by inverting the retina, whereas either of these 
factors caused inversion of the e.r.g. Latency of the off 
tesponse to diffuse illumination of the entire retina was 
shorter than latency of the off response to focal illumine- 
tion, Also the positive response was reduced or eliminated 
by mechanically disconnecting the illuminated region from 
the surrounding dark area, or by applying procaine to the 
sirrounding area. These results suggest that the positive 


Tesponse is affected not only by activity of the illuminated 
part of the retina but also by electrical activity from the 
hon-illuminated surrounding retinal area. 





Physiology 


ONTOGENETIC CHANGES IN EVOKED ACTIVITY IN 
PYRAMIDAL AND 'EXTRAPYRAMIDAL' PATHWAYS (CAT). 
E. M. Housepian*, C.R.Noback* and D, P. Purpura, Depts. of 
Neurosurgery and Anatomy, Columbia University, N. Y. 
Conduction velocity of largest axons in corticospinal tract 
(motor cortex to ventral medulla) is 1 M/sec prior to 2nd 
postnatal week (pnw); 2-3 M/sec at 2-3 wks; 15-20 M/sec at 
3-4 wks; 35-50 M/sec at 6-8 wks and 70-90 M/sec at 14-16 
wks. Early changes (3-6 wks) correlate with myelination; 
later ones with further myelination and increases in axon- 
diameter. Indirectly relayed tract responses (IR), detectable 
after 3-4 pnw, are related to maturation of Type II cortical 
elements and basilar dendrites and axon-collaterals of Type 
Ineurons. Cyclic changes in IR associated with strychnine 
and electrically-induced cortical paroxysmal activity occur 
after the 4th pnw. Evoked long-latency (50-80 msec) post- 
synaptic and single unit activities in ponto-bulbar reticular 
organizations, and facilitatory and inhibitory interactions 
between cortically and peripherally evoked reticular respon- 
ses are prominent in neonatal kittens. The data suggest pre- 
ferential transmission of evoked corticifugal activity in 
cortico-reticular-spinal pathways prior to the 2nd pnw. 





Physiology 
POSSIBLE PHOTORECEPTORS IN THE OTH GANGLION OF CRAYFISH, K. 
Uchizono (Introduced by C.C.Hunt) Dept. Physiology, Univ. of 
Utah. Certain neurons of the sixth abdominal ganglion of cray- 
fish respond to light (Prosser, Kennedy). Thin sections of 
osmium tetroxide-fixed ganglia leave been examined in the 
electron microscope, Structures bearing similarity to photo- 
receptor elements in retinaec of other species have been found. 
These photoreceptor-like structures are scattered throughout 
the Gth ganglion, but mostly in the dorsal region, They 
appear as a dense, highly organized series of regularly spaced 
parallel elements with an interval of 100-200 8. Groups of 
such elements occur at varying orientation to each other so 
that at low magnification they appear somewhat similar to a 
finger print. In some sections overlapping sheets of these 
elements may be seen to intersect at an oblique angle. At 
high magnification the elcments may appear tubular. Near the 
margins of these structures associated fat droplets, mito- 
chondria, and endoplasmic reticulum are found, the entire 
complex being enclosed by a menbrane separating it from other 
cytoplasmic inclusions. 


Physiology 


DIRECT INHIBITION OF MAUTHNER'S CELLS. Ernest Rerztarr*, 
Joan Fontaine*, BENJAMIN PASAMANICK*, CHauncery D. LEAKE. 
Cots. PsycHiatRic In6te,y Onto State UNivirsity, Co_umBus. 
Tue Villtw nerve-MauTHNerR's CELL SYSTEM OF TELEOSTS 
PROVIDES AN IDEAL RECIPROCATING REFLEX SYSTEM FOR THE 
STUDY OF EXCITATORY AND INHIBITORY MECHANISMS FROM THE 
FUNCTIONAL AND STRUCTURAL VIEWPOINTS.HISTOLOGICAL STUDIES 
HAVE SHOWN THAT THE VIIITH NERVE ROOT SYNAPTIC ENDINGS 
CONTACT BOTH MAUTHNER'S CELLS WITHOUT AN INTERVENING 
INTERNEURON. THESE AFFERENTS END ON THE LATERAL DENDRITE 
ANDO CELL BODY OF THE HOMOLATERAL CELL AND ON THE AXONAL 
END OF THE CONTRALATERAL CELL. IN A NEW SERIES OF STUDIES 
UTILIZING INTRACELLULAR RECORDING TECHNIQUES, IT HAS BEEN 
SHOWN THAT ALTERNATE OR RANDOM BILATERAL VIIITH NERVE ROOT 
sTimMULATION (10X THRESHOLD) ExciTES ONE MauTHNER'S CELL 
AND INHIBITS THE OTHER AS INDICATED BY INTRACELLULAR 
POTENTIAL CHANGES. THIS WAS FOUND TO BE TRUE EVEN WHEN THE 
BILATERAL STIMULI WERE SUPERIMPOSED. THE MEAN TIME INTER 
VAL BETWEEN THE EXCITATORY AND INHIBITORY POLARIZATION 
CHANGES WAS 415 MSEC. WHICH PRECLUDES INTERPOSITIONING OF 
AN "INHIBITORY INTERNEURON IN THE INHIBITORY PATHWAY. 
THUS IT IS CONSIDERED THAT RECIPROCATING ACTIVITY OF THE 
Two MAUTHNER'S CELLS 1S CONTROLLED BY A DIRECT EXCITATORY 
AND DIRECT INHIBITORY MECHANISM, (SupPoRTED IN PART BY 
NIH Grant MY-3271). 














Physiology 


ELECTRICAL RESPONSES EVOKED IN THE BRAIN OF THE NORMAL 
ANIMAL. Robert Galambos and Guy C. Sheatz.* Walter Reed 
Army Institute of Research, Washington, D.C. 

Electrical responses evoked by auditory end visual 
stimuli from the brains of unanesthetized cat and monkey 
display several common features. A stimulus of constant 
strength provok=s a complex response whose amplitude 
varies in habituation, conditioning and the like. Such 
responses appear in brain areas far removed from the 
classical afferent pathways, and severing the auditory 
pathway does not prevent their occurrence in the primary 
auditory cortical area. In some brain locations the 
activity produced by a flash of light cannot readily be 
differentiated from that produced by a click. The 
responses evoked, finally, last several hundred msec 
and their morphology turns out to be remarkably similar 
in most of the brain regions where it can be recorded at 
all. Anesthesia profoundly modifies their shape and 
reduces the number of brain loci activated. The several 
technical problems associated with this experimentation 
will be outlined and the brain mechanisms presumably at 
work discussed. 





Pharmacology 


SUBCONVULSIVE AUDIOGENIC STRESS EFFECT ON CHEMICAL 
CARCINOGENESIS AND TRANSPLANTED TUMORS. HaRoLD SILVERSTEIN*, 
Fiorence Lazere*, ALLAN SANDLER* and Susan Graves* 
WALDEMAR MEDICAL REseaRcH FOUNDATION, Port WAGHINGTON, NeYe 
WE HAVE REPORTED THAT DAILY EXPOSURE TO SUBCONVULSBIVE 
AUDIOGENIC STRESS PROLONGS THE LATENT PERIOD OF METHYLCHOLAN= 
THRENE INDUCED TUMORS IN MICE. IN THE PRESENT EXPERIMENTG, 
SIMILAR STUDIES WERE CONDUCTED USING 160LOGOUS TUMOR GRAFTS 
IN LEEU OF METHYLCHOLANTHRENE INDUCTION. IT WAS FOUND THAT 
AUDIOGENIC STRESS HAD A SIMILAR EFFECT IN PROLONGING THE 
LATENT PERIOD OF TUMOR GRAFTS AS IT HAD IN DELAYING CHEMICAL 
CARCINOGENESIS. CLOUDMAN S91 MELANOMA IN DBA/1] MICE BECAME 
PALPABLE AT A SIGNIFICANTLY LATER TIME THAN IN CONTROL MICE. 
A PILOT aSBaY ON SOl TISSUE FROM STRESSED MICE EXHIBITED A 
2.6 FOLD INCREASE IN ANEROBIC GLYCOLYSIS INDICATING AN EFFECT 
WHICH PARALLELS A REPORT BY WOODS, ET AL. USING TEMPERATURE 
STRESS ON A S91 MELANOMA. OUR FINDINGS INDICATE THAT THE 
GTREGGOR EXERTS AN INFLUENCE ON TUMORIGENESIS IN THE HOGT AND 
NOT SOLELY ON PRE@EXIGTING VIABLE CANCER CELLS. IT 18 
FURTHER INDICATED THAT CENTRAL NERVOUS SYSTEM FUNCTION 16 A 
FACTOR IN THE LATENT PERIOD OF TUMOR DEVELOPMENT AND MAY BE 
MEDIATED VIA AN ALTERATION IN CELL METABOLIGM IN THE PRECAN@= 
CEROUS OR LATENT PERIOD. 





Pathology 


EFFECT OF ELECTRICAL SHOCK STRESS ON TRANSPLANTED TUMORS IN 
MICE, Ropert 0. Asrams*, Rosert HvesscH* ano Lorin Raiken* 
WaLODEMaR MEDICAL RESEARCH FOUNDATION, PORT WASHINGTON, NeYo 
IN SEVERAL STUDIES OF AUDIOGENIC STRESS IN MICE, WE HAVE 
FOUND THAT: WOUND HEALING AND INFLAMMATION ARE DELAYED; THE 
LATENT PERIOD OF TRANGPLANTED TUMORS 16 INCREASED} AND THE 
INDUCTION PERIOD OF CARCINOGENESIS DELAYED. THE PRESENT Ex= 
PERIMENTS WERE CONDUCTED To DETERMINE WHETHER A PERIPHERAL 
NERVOUS GYGTEM STRESS WILL INDUCE SIMILAR EFFECTS. THREE IN= 
BRED STRAING OF MICE AND THEIR RESPECTIVE 160LOG@OUS TUMORS 
WERE INVESTIGATED. MICE WERE EXPOSED TO ELECTRICAL SHOCK 
STARTING TWO WEEKS PRIOR TO TUMOR GRAFT AND CONTINUED UNTIL 
DEATH OR SACRIFICE WITH TUMOR. THE STRESS STIMULUS WAS DEH 
LIVEREO IN CAGES WITH ELECTRICAL GRID FLOORS. BASED ON 
WEEKLY WEIGHTS, STRESS EXPOSURE DID NOT INFLUENCE WEIGHT 
GROWTH PATTERN. STRESS EXPOSURE BEGUN PRIOR TO TUMOR GRAFT 
INCREASED THE LATENT PERIOD OF TUMOR GROWTH. Two WEEKS AFTER 
GRAFT, THERE WERE SIGNIFICANTLY FEWER AND SMALLER TUMORS THAN 
IN THE CONTROL MICE. DEATHS WITH TUMOR IN THE SHOCK EXPOSED 
MICE WERE DELAYED DUE TO THE LONGER LATENT PERIOD. 3% OF THE 
TUMORS REGRESSED IN THE SHOCK EXPOSED GROUPS COMPARED WITH 
0.5% REGRESSION IN THE CONTROL MICE. THE EFFECT OF STRESS 
ON TRANGPLANTED TUMORS IN MICE 18 SIMILAR FOR PERIPHERAL NERVE 
STRESS (ELECTRICAL GHOCK) AND FOR CENTRAL STRESS (AUDIOGENIC) 
AND MAY REFLECT A COMMON MECHANIGM OF STRESGOR EFFECT. 
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MICROELECTRODE STUDY OF THE GALVANIC SKIN RESPONSE. Robert BLO 
Edelberg. Baylor Univ. Coll. of Med. and Houston State GENicU 
Psychiatric Inst., Houston, Texas. a . 

Several lines of indirect evidence have indicated that Stl 
epidermal cells as well as sweat glands may participate in duces | 
the electrical resistance changes occurring during the Ggp, J of the 
This hypothesis has been tested directly on 30 humans by with f 


exploration of the palmar skin surface with reversible micry. caudat 













electrodes. Because shunting of current by the corneum to the 
renders interpretation uncertain, a micro-surgical tec behavi 
has been utilized to isolate physically and electrically a dimini 
slab of epidermis from the surrounding sweat ducts. Even with & tion 0 
this precaution, local humidity changes incidental to lanic | 
have been shown to alter epidermal hydration and thereby to hig 
introduce an uncertainty in determining the origin of the fie th 
large resistance changes observed on these slabs. Demonstrm. & 100 ms 
tion of selective inactivation of these epidermal slabs anj [™ block 
observation of the phase and amplitude relations of the gyrus. 
resistance changes with those of nearby sweat glands and the bl 
sites under various degrees of local humidity lead to the ing of 
conclusion that the living layer of the epidermis contributes & tion © 





significantly to the resistance.changes of the GSR. istenc 
(Supported by Senior Research Fellowship SF 219 and Research [& specif 

















Grant M-1904, USPHS.) tlon a 
Pharmacology 

THE CARDIOVASCULAR ACTIONS OF RETAMA. James G. xilton and py 

Michael J. Dunn*. Marquette Univ. School of Med., Milwaukes, ee 

Wis. : 

The cardiovascular properties of the water soluble fractin In 
of the flowers of the Retama Plant (Gentista Tinctorea) have iaplan 
been investigated. This fraction of the flowers is reported santon 
by folk medicine to have cardiotonic actions, however, none genicu 
these properties were evident in the studies carried out hen, the sp 
The substance did prove of interest because of the presence wee., 


a marked rise in blood pressure of short duration and an ac« spikin 
companying stimulation of respiration which occurred after ir sleep 
travenous injection of the Retama. The respiratory component 






cortex 
of this response was absent after denervation of the carotid IG spi 
sinus region but the pressor response was unaffected by the showed 


denervation. Total sympathectomy, adrenalectomy, and the a light 
ministration of the adrenergic blocking agent phenoxybenzasin 
reduced but did not abolish the pressor response. Total sy B wre 5 
pathectomy plus adrenalectomy, hexamethonium and adrenalectomy & ctretc 
plus trimethyl(2(6 xylxyloxy)propyl) ammonium chloride 
(B-TM 10) did totally block the pressor response. 





Pharmacology 


MECHANISM OF CARDIAC ARRHYTHMIAS PRODUCED BY ELECTRICAL STDM> & MMRY 
LATION OF THE HYPOTHALAMUS. J.W. Manning*, W,N. Kelley*, C.B. Seorge 
Johnson*, and M.deV. Cotten. Depts. of Pharmacology and Phys+ § lew Or 
iology, Emory Univ., Atlanta, Ga. los 

Electrical stimulation of many areas in the hypothalami of § ing su 
17 cats anesthetized with a-chlorolose caused cardiac arrhy>» § to los: 
thmias in association with substantial increases in blood pre & presen 
sure, heart rate and cardiac contractile force. These ar- past t: 
rhythmias included nodal and ventricular premature contrac- wilat 
tions, nodal tachycardia and ventricular tachycardia. In som §& is usu 
experiments the arrhythmias developed during the period of animal 
hypothalmic stimulation, but were most severe in all cases — § when t! 
upon cessation of stimulation. Similar arrhythmias were ob- § tion w 
served during infusions of l-norepinephrine in amounts ade= — § cessiv: 
quate to increase blood pressure by approximately 50 mm Hg. § howle: 
The arrhythmias disappeared upon cooling and reappeared upon § locura: 
rewarming the vagus nerves. Continuous electrical stimulatio® § mries 
of the vagus nerves at an intensity sufficient to produce @ © § hypoth 
sinus bradycardia, lowered the threshold voltage for electri § vith a 
cal stimulation of the hypothalamus necessary to evoke cardiat § tria) ; 
arrhythmias. These data are interpreted to indicate that. the § factor, 
cardiac arrhythmias produced by stimulation of the hypothala*) § remain 
mus result from the interplay of both sympathetic and paras theref 
sympathetic infl s. (Supported by PHS Grant No. H-3339) § the mo; 
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Physiology 


BLOCKING OF ''CAUDATE-SPINDLES'' BY STIMULATION + ee 
LATE BODY. N. A. Buchwald, G. Heuser, C. Hull and E. J. 
= UCLA and Long Beach V.A. Hosp! tals. 

Stimulation of the caudate nucleus at low frequencies in- 
duces rhythmic spindiing at the cerebral cortex. The presence 
of these "caudate-spindles'' has been shown to be correlated 
yith Inhibition of behavior. In general, excitation of the 
caudate nucleus Involves a system which acts antagonistical ly 
to the reticular arousal system of Moruzzi and Magoun. The 
behavioral and electrical effects of caudate stimulation are 
diminished by behavioral arousa! or by high frequency stimula- 
tlon of the caudate nucleus itself, diffusely projecting tha- 
lanic nuclei, reticular formation or hypothalamus. In contrast 
to high frequency ''arousing'' stimuli, single shocks to a spect 
fic thalamic nucleus (lateral geniculate body) delivered 70- 
100 msec. after a shock to the caudate nucleus will completely 
block “caudate spindles'' recorded at the anterior sigmoid 

rus. Lesions of the ipsilateral occipital cortex prevent 
the blocking effect of lateral geniculate stimulation. Block- 
ing of caudate-spindles by geniculate stimulation and preven- 
tion of blocking by visual cortex destruction suggests the ex- 
Istence of an excitatory system proceeding to the cortex by 
specific modal pathways which acts after reaching the projec- 
tion area to desynchronize rhythmic high voltage activity. 


Pharmacology 

EEG DESYNCHRONIZATION DURING BEHAVIORAL SLEEP ASSOCIATED WITH 
SPIKE DISCHARGES FROM THE THALAMUS OF THE CAT. Terry M. 
Mikiten*, Peter H. Niebyl*, and Charles D. Hendley, Dept. of 
fewropharmacology, Schering Corp., eld, N. 

In 5 out of 12 chronic cats with mltiple, stereotaxically 
implanted, bipolar electrodes (placements not yet .confirmed 
amtomically), spike discharges were recorded from the lateral 
geniculate nucleus (LG) within a few days after operation. 
The spikes were biphasic, with a total duration of 35 - 100 
mec,, and amplitudes of 200 - 500yv. Episodes of frequent 


§ spiking (up to 8/sec.) occurred only after behavioral and EEG 


sleep had developed, with high voltage slow activity in the 
cortex, and spiky activity from hippocampus and amygdala. As 
IG spiking increased, all other cortical and subcortical areas 
showed desynchronization, and evoked potentials to flashing 
light in LG and visual cortex were absent. During spiking 
episodes, bilateral twitches of face, ears, and limbs often 
were seen. The end of an episode was marked by a sudden 
stretching movement, usually followed by a return of the EEG 
to high voltage slow activity, the cat remaining asleep. By 
stimlating the midbrain reticular formtion, it was possible 
to eliminate LG spiking without behavioral arousal. Drugs my 
effect the LG spiking episodes, the most striking result seen 
to date being the absence of LG spiking for 4 - 5 hours after 
chlorpromazine, 4 mg./kg. p.0o. 


ul NEUROPHYSIOLOGY —Behavior 
Physiology 
MMRY-DEFECTS PRODUCED BY FRONTAL LOBE INJURY IN THE MONKEY. 


George D. Davis and Waid H. Dean*. La. State Univ. Med. Sch., 
New Or s, La. 


loss of the ability to perform tests involving delay follow- 
ing surgery of the frontal lobes has been variously attributed 
to loss of short-term memory, to changes at the time of cue 
Presentation or to increased “confusion” between present and 
mst trials. This has been tested, using rhesus monkeys with 
wilatera). lesions of the caudate nucleus, in which impairment 
is usually directly related to the duration of the delay; the 
minal performing well at short delays (5 sec.) and very poorly 
wien the delay is long (30-60 sec.). Factors of cue presenta- 
tion were evaluated by a random mixture of delay times on suc- 
cessive trials. Thus, at the time of cue, the animal had no 
mowledge of the time interval before response was possible. 
hoouracy in this test was identical to that obtained with long 
tries of trials of a single delay length. The “confusion” 

sis was tested with mixed delays, given in random order, 

wth a 15 minute space between trials. In this way the inter- 
trial interval differed from the intra-trial interval by 
factors of from 30-1 to 180-1. Accuracy at 5 sec. delays 
Tmained good, while accuracy at 30 sec. remained poor. It is 
therefore suggested that the loss of short-term memory is still 
the most attractive hypothesis for this effect. (Supported by 
Want B~874 from the NINDB, USPHS.) 
















Physiology 


NEURAL CORRELATES OF BATS' RESISTANCE TO JAMMING. A. D. 
Grinnell* and D. R. Griffin, Harvard Biological Laboratories, 
Cambridge 38, Mass. 

Echolocating bats face serious problems of "clutter"; and 
in jamming experiments the long-eared bat Plecotus appears to 
detect echoes in thermal noise when E/N, (echo signal energy/ 
noise per cycle bandwidth) is below one, the lower limit set 
by signal detection theory. Evoked potentials in response to 
brief pulses of high frequency sound have been recorded with 
gross electrodes at the inferior colliculi of anesthetized 
Plecotus and Myotis. Background thermal noise raises the 
threshold for these responses, but the magnitude of masking 
is dependent on the angular separation of signal and noise 
sources. Sensitivity in either colliculus is found to be very 
directional. When the signal arrives from a favorable angle, 
masking may be reduced 20 to 30 db or more by separating the 
signal and noise by 15 to 60 degrees. When the signal angle 
is unfavorable, noise from other angles is as much as 20 db 
less effective than would be predicted on the basis of the 
directionality of that colliculus. The approximate critical 
bands and the dependence of discrimination in noise on 
absolute intensity have also been measured. The directional 
discrimination of bats' auditory systems appears sufficient 
to reconcile their performance with signal detection theory. 


Physiology 


ALIMENTARY RESPONSES EVOKED FROM EXTRA-HYPOTHALAMIC STRUCTURES 
IN MACACA MULATTA. Bryan W. Robinson* and Mortimer Mishkin*, 
National Institute of Mental Health, Bethesda, Md. 

Research on functional localization of alimentary mechan- 
isms has focused largely on the hypothalamus, the evidence im- 
plicating the lateral area in the initiation of feeding be- 
havior and the ventromedial area in the cessation of feeding. 
Preliminary results of a mapping study suggest that these 
hypothalamic areas are but two components of a larger forebrain 
system serving alimentary mechanisms. Thus, food and water 
ingestion in satiated animals have been evoked in 4 monkeys 
from 36 extra-hypothalamic points in olfactory tubercle, med- 
ial preoptic area, substantia innominata, and amygdala. 

These responses sre similar to those evoked from lateral hypo- 
thalamus and are usually unaccompanied by alimentary auto- 
matisms, Similarly, food ejection in deprived monkeys has 
been elicited in 5 animals from 22 points outside the ventro- 
medial area, including lateral hypothalamus, substantia innom- 
inata, and medial preoptic area. The food ejection is unaccom- 
panied by evidence of motor or peripheral sensory disturbances 
or by aversive behavior and is obtained from loci distinct from 
those yielding gagging and vomiting. These latter responses, 
previously obtained by others from limbic structures, have been 
observed, in addition, in 2 animals during stimulation of 4 
points in n. ventralis anterior of the thalamus. (Film) 


Physiology 


AN ANIMAL BEHAVIOR RATING SCALE FOR QUANTIFICATION OF SAVAGE 
BEHAVIOR IN CATS. E,1, Burdeck,* Murray Glusman,* and Julian 
Zener.* Biometrics Research, N.Y. State Dept. Ment. Hyg. and 
Dept. Psychiatry, Columbia Univ., New York. 

Changes in behavior following brain stimulation, lesions or 
pharmacological agents are commonly reported in qualitative 
terms. While this method is adequate for gress changes, it 
may lead te underestimation of the cumulative significance of 
emall effects. Te ebtain a quantitative estimate of behavior- 
al changes weighted in preportion to amount of provocation, we 
devised an Animal Behavior Rating Scale for cats on which we 
recorded presence er absence of 16 signs of agonistic behavior, 
fight or flight, under operant conditions and under several 
degrees of provocation. With this scale we rated 3 normal 
laberatory cats ever a period of 25 days; 8 cats before and 
after imposition of hypothalamic lesions; 2 cats beth before 
and after imposition ef midbrain lesions; and 2 cats with 
hypothalamic lesions beth before and after imposition of mid- 
brain lesions. Reliability of ratings was determined by intra- 
class correlation of paired ratings. c lesion led 
te appearance of savage behavior which was ted in a 
corresponding change of score. After midbrain lesion there 
was a sharp drop in agonistic behavior followed by rapid re- 
covery. (Supported by grants M-3546 and MY 3660 frem the 
National Institute ef Mental Health). 
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Physiology 

LIGHT DISCRIMINATION AFTER ADDITIONAL BRAIN’ DAMAGE IN MCNKEYS 
WITH BILATERAL STRIATECTOMY. Fedro Pasik , Tauba Pasik” and 
Morris B. Bender.Dept. of Neurology, Mt. Sinai Hosp., N.Y.C. 

The problem was to determine which structures mediate the 
residual vision exhibited by monkeys deprived of geniculo- 
striate system. Striate cortices of six macaques were removed 
in two unilateral stages. Subsequently, animals were divided 
into three groups for a third bilateral operation consisting 
of aspiration of superior colliculi, or lateroventral cortex 
of temporal lobes, or stereotaxic lesions in both pulvinars. 
Lesions were histologically verified. Animals were trained on 
a "lighted" vs. a “non-lighted neon bulb" discrimination using 
an originally designed automatic programmer and reenforcer. Re- 
testing and overtraining were performed after each operation. 
Results (significant at less than the 2% level): (1) After uni- 
lateral striatectomy animals appeared hemianopic; task was 
accomplished with marked decrease in error scores. (2) After 
bilateral striatectomy monkeys behaved as if blind; they made 
many more errors in the test but finally achieved criterion. 
(3) After additional collicular, temporal cortex or pulvinar 
lesions, errors decreased compared to immediate preoperative 
scores. Findings confirm the existence of extrageniculostriate 
vision in the monkey, and suggest that the other areas explor- 
ed are not critical for mediation of this function. (Aided in 
part by USPHS Grant #M-2261). 


Pharmacology 


ELECTRICAL SELF-STIMULATION BY DOGS THROUGH CHRONICALLY 
IMPLANTED ELECTRODES IN THE HYPOTHALAMUS. Paul Stark* and 
Eugene S. Boyd. Dept. of Pharmacology, University of Roches- 
ter, Rochester, N. Y. 

To demonstrate positive reinforcing areas in the hypothal- 
amus of dogs, and the response rate for electrical stimulation 
of these areas, electrodes were chronically implanted in the 
posterior hypothalamus. The animals were self-stimulated by 
an electric shock to the hypothalamus for every press of a 
bar. The dogs will “bar press" at a sustained high rate for 
shocks of a given current intensity. The rate of response is 
proportional to the current intensity (up to 100 microampereg. 
The threshold was established. No difference in response was 
noted using monopolar or bipolar stimulation. In summary, 
certain parameters for electrical stimulation, and the co- 
ordinates for placement of electrodes to elicite different 
rates of response have been described for positive reinforcing 
areas in the hypothalamus of dogs. 


Pharmacology 


CHLORPHENTERMINE HYDROCHLORIDE, p-CHLORO-a,a-DI- 
METHYLPHENETHYLAMINE HYDROCHLORIDE, A NEW ANOREXI- 
GENIC AGENT. J. A. Gylys*, J. J. D. Hart®* and M. R. 
darren. Dept. o armacology, Warner-Lambert 
Research Institute, Morris Plains, N. J. 

The pharmacological and toxicological properties 
of chlorphentermine hydrochloride (I) have been com- 
pared to those of a-diethylaminopropiophenone 
hydrochloride (II)~and d-a-methylphenethylamine sul- 
fate (III) in mice, rats and dogs. Acute toxicity 
studies revealed that I and II are much less toxic 
than III when administered by various routes in 
mice. Comparative oral LD59 values for I, II and 
III in this species are 255, 450 and 32 mg./xg. 
respectively. The oral anorectic potency of I and 
II was approximately 1/5 - 1/10 that of III ona 
weight basis in rats and dogs. Compound I exhibited 
a longer duration of anorectic effect than II or III 
and failed to induce the increased locomotor activ- 
ity and pyrexia in rats noted with the other two 
substances at effective dose levels. Antagonism of 
the depression induced by reserpine and chlorproma- 
zine, behavioral studies and effect on body 
temperature demonstrated significant differences 
between the three substances. 
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Pharmacology 

CHLORPHENTERMINE HYDROCHLORINE, p-CHLORO-@, O-DIMETHYLPHEN. 
ETHYLAMINE HYDROCHLORIDE, A NEW ANORSXIGENIC AGENT. 
II. CENTRAL NERVOUS SYSTEM ACTIVITY. Jane Frances Emele+ 
J. Shanaman* and M. R. Warren. MNDepartment of Pharmacology 
Warner-Lambert Research Institute, Morris Plains, N. J, : 

The vharmacological properties of chlorphentermine hydro- 
chloride (I) question the claim that central nervous syste, 
stimulation and anorectic activity are erossly varallel, 
Definite differences have been demonstrated between the 
effects of this substance (I) and a-diethylaminopropiophenone 
hydrochloride (II) and d-o -methylphenethylamine sulfate (111) 
on the central nervous system of mice and cats. Intravenous 
doses of I produced an arousal EKG pattern in cats concurrent 
with increased behavioral irritability, but no marked stimula. 
tion and apprehension in addition to constant vurposeless 
searching head movements. The resultant "EG pattern was 
typical of CNS stimulation. I, II and Ill when administered 
orally to mice in combination with vhenobarbital sodium did 
not antagonize the barbiturate toxicity. I was less 
effective in inhibiting phenylquinone-induced writhing in 
mice than either II or III. The respective oral Ds5o values 
were 80, 27 and 6.2 mg./kg. Morphine analgesia was 
potentiated by I and II but not by ITI. 





Pharmacology 


CHLORPHENTERMINE HYDROCHLORIDE, p-CHLORO-G,0.-DIMETHYLPHEN= 
ETHYLAMINE HYDROCHLORIDE, A NEW ANOREXIGENIC AGENT. 
III. CARDIOVASCIILAR ACTIVITY. G. C. Boxill,* M. Ben,* R. L, 
DeTar, Jr.* and M. R. Warren, Department of Pharmacology, — 
Warner-Lambert Research Institute, Morris Plains, N. J. 
Chlorphentermine hydrochloride has been compared to 
&-diethylaminopropiophenone hydrochloride and d-c-methyl- 
phenethylamine sulfate with respect to heart rate, coronary 
arterial blood flow, tachyphylaxis, blood pressure, cardiac 
contractile force and femoral arterial blood flow in the dog, 
Only minor differences were observed following administration 
of these substances upon heart rate and coronary arterial 
blood flow. In contrast to the other two compounds chlor- 
phentermine hydrochloride did not produce tachyphylaxis. 
Both chlorphentermine hydrochloride and @-diethylaminopropio- 
phenone hydrochloride had aporoximately 1/10 the pressor 
potency of d-G-methylphenethylamine sulfate. Chlorphenter- 
mine hydrochloride exerted less positive ionotropic effect up 
on the heart than the other two anorexigenic agents. All 
three compounds decreased femoral arterial blood flow with 
Q-diethylaminopropiophenone hydrochloride vossessing both 
vasoconstrictor and vasodilator properties. 








Pathology 


FREELY CHOSEN SALT INTAKE AND EATING BEHAVIOR IN RATS. Lester 
M, Geller*, Hans Kaunitz, and Ruth EB, Johnson*. Dept. of Path- 
ology, Coll. of Phys. and Surg., Columbia Univ., N.Y., N.Y. 

Albino rats were reared on 4 purified diet containing 0.15% 
NaCl, Ad lib. feeding was stopped at 160 days of age and the 
amount esten in 3' was determined daily for 5 days. These 
amounts increased mrkedly during this period. Four groups of 
rats were then mtched for total food intake, weight, % weight 
loss during the 5 days, and amount of defecation and urimtion 
Two groups were offered a 1% NaCl soln. in addition to witer 
and 2 remined on water. Each rat was given 10 g of diet daily 
and the amount eaten in the first 3' determined. All groups até 
similar average amounts for the first 12 days but individuals 
varied more in the salt-water groups than in the others. Iwo 
weeks later the salt-water groups consistently ate more than 
the water groups, though daily differences were not signifi 
After 4 weeks, 1 water and 1 salt-water group were switched, 
The other groups continued unchanged. Within a week food cole 
sumption in 3' by the rats switched to salt-water increased 
significantly when compared with that of rats changed to 
water. In the unchanged groups rats on salt-water ate 8 
cantly more than those drinking water only, after 5 weeks. 
These results demonstrate the role of environmental conditiom 
and experience in consummtory behavior, suggesting that con 
ceptions of the latter as res es to interml ? states 
require modification, (Aided NIH grant B-1620. 
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248 NEUROPHYSIOLOGY —Brain 
Physiology 


NONeSPECIFIC INDICATORS OF CNS DAMAGE. H,E,.King. Univ. of 
pittsburgh Medical School, Pittsburgh, Penna. 

Tests of simple psychomotor response have been found to in- 
dicate quantitatively the degree of behavior disorder concomi~ 
tant with CNS damage. Although adequacy of total organism re~ 
sponse is not easily simplified in the human, evidence from 
physiology, psychology and pharmacology indicates that an over- 
all estimate of functional adequacy is often best provided by 
neans of simple psychomotor responses which accurately reflect 
the presence and extent of disordered behavior of idiopathic 
and physiologic origin. This study extends their application 
to behavior disorders accompanying CNS damage, specifically; 
neoplasm, vascular accident, epilepsy, temporal "spiking" and 
parkinsons Disease. Severity of behavior disorder was assessed 
clinically by systematic rating methods. Data obtained by ap- 
plying a simple psychomotor measure (Mobilization Time) to the 
game groups has been graphed as a function of the degree of 
behavior disorder present. The linear relationship obtained 
suggests that adequacy of simple psychomotor function may serve 
as an effective index of total organism responsive integrity 
over a wide range of CNS disorders. The use of simple rather 
than complex indicators: is less frequent in assaying human to~ 
tal organism integrity than with animal subjects. These data 
and those derived from behavior disorders of physiologic or 
psychiatric origin affirm the value of such an approach to the 
assessment of non-specific behavior defect in the human. 


Physiology 


RYPOGLYCKMIA INDUCED BY NEUROGENIC STIMULATION. Margaret A. 
Slusher, Depts. Anetomy and Physiol. vhem., UCLA Wedtosl tte, 
Tos Angeles, Celif. 

In unanesthetized, unrestrained male rats bearing chronical- 
ly implanted electrodes, blood was collected for glucose deter- 
mination through previously implanted venous catheters. Once 
weekly, after an 18 hour fast, 1.2 ml samples were collected 
from ench rat at 9 and 10 aem. and 12 and 4 peme Blood volumes 
were replaced with unhepsrinized whole blood from 48 hour hypo- 
physectomized rats. Following the 9 a.me collection 5 rats 
stimulated unilaterally in the preoptic-septal area exhibited 
a 28 to 63% decrease in blood glucose in semples collected im- 
mediately after stimulation. In 1 rat similarly stimulated the 
significant decrease of 54% was noted two hours after terminat- 
ion of the stimulation. Stimulus parameters eliciting hypogly- 
cemia were 1.6 ve, 15/sec., 10 msec. delivered 1 mine "on" and 
2min. "off" for one hour. ‘These same parameters did not 
elicit hypoglycemia after stimulation of areas more posterior 
to the preopticeseptal region. “Mock" stimulation in the same 
rats or stimuletion with 1.6 ve, 10/sece, 1 msec. did not re- 
sult in hypoglycemia, No pupillary changes, piloerection, urin- 
ation or defecation were noted with stimuli inducing hypogly- 
cemia but after 15 min. of stimulation these rats became quies- 
cent and remained so up to 2 hrs. after stimulation ended. In 
4rets similarly fasted but with chronic venous catheters only, 
no hypoglycemia was noted. The mechanism responsible for speci- 
fic neurogenic induction of hypoglycemia is being explored. 


Physiology 


ELECTROENCEPHALOGRAPHIC RESPONSE OF UNRESTRAINED RATS DURING 
EXPERIMENTAL CONCUSSION. F. Hermann Rudenberz.* 
The University of Texas Medical Branch, Galveston, Texes. 

As part of a study of the genesis of unconsciousness due 
to @ blow on the head, EEG, EKG, and respiretory rate were 
recorded on unrestrained rats continuously before, during, 
and after a single blow to the occiput. EEG screw electrodes 
were place’ bileterally and wired subdermally to a plug over 
the shoulders, es were EKG and ground electrodes. Accelera- 
tion concussion was produced by a spring-propelled missile at 
40 cm./sec. for 5 mm. Similar to results under anesthesia by 
Others, the blow causes transient apnea, cardiac irregularity 
and slowing, and flattening of the EEG. Low voltage slow 
activity precedes the return of righting. No specific EEG 
change appears associated with return of consciousness. The 
incidence and size of slow waves then increases within the 
first 15 min. and is characterized by waxing and waning: 
2-3/sec. slow waves for 3-4 sec. followed by 3-4 sec. of 
faster low voltage activity. Slow waves can be instantane- 
ously replaced by low voltage fast activity by arousal with 
‘nair puff. Similer slow wave waxing and waning appears in 
Some control records and in records taken several days after 
& short period of unconsciousness. This pattern may reflect 
& Changing degree of consciousness. (Aided by Medical 
Research Foundation of Texas and NIH grants. ) 
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PROBLEMS OF PHYSIOLOGICAL RESEARCH ON THE DOLPHIN, TURSIOPS 
Communication Research Institute, Coconut 
Grove, Florida. 

The Dolphin in particular (possibly Cetacea in general) 
cannot be safely anesthetized without artificial respiration. 
The latter is feasible but difficult: the sea-going mammal- 
ian respiratory tract requires new methods. These facts 
make it desirable to use minimal size of surgical inter- 
vention attainable with local anesthesia. Despite such 
limits, much can be done on the dolphin with special techniq- 
ues. Despite his large brain (1700 gms.), large:body (2 to 3 
meters long), large mass (70 to 280 kgms.), strong and large 
jaws, numerous (88) sharp teeth and powerful body musculature, 
most individuals can be induced to cooperate without serieus 
injury to personnel. Special techniques to minimize traumata 
to them and to maximize their health are being developed in 
the hunt, capture, transport, restraint, confinement, isolat- 
ion, feeding and training areas. Specific research problems 
in cerebral neurophysiology, underwater phonation biophysics, 
and social physiology are discussed. (Supported by grant or 
contract with Officeof Naval Research, National Science 
Foundation, Netional Institutes of Health, and Air Force 
Office of Scientific Research.) 


Physiology 


VISUAL CRITICAL FLICKER FUSION THRESHOLDS: COMPARING THE 
METHOD OF LIMITS WITH THE FORCED-CHOICE VARIANT OF THE METHOD 
OF CONSTANT STIMULI. J. Rutschmann*, W. Crawford Clark*, 

and Ruth Link*, N.Y¥.S. Psychiatric Institute and Dept. of 
Psychiatry, Coll. of Physicians and Surgeons, Columbia 
University, New York, N.Y. 

The critical flicker fusion threshold is known to change 
as a function of the psychophysical method employed for its 
measurement, e.g., the threshold obtained by means of the 
method of constant stimuli is about 2 flashes per second 
higher than the threshold obtained with the method of limits, 
differences between individuals are larger and test-retest 
reliability is better. Since the forced-choice method has 
been shown to give lower and more reliable visibility thresh- 
olds than the method of constant stimuli, and since it per- 
mits the experimenter to correct wrong responses, it seemed 
worthwhile to adapt this method to the measurement of flicker 
thresholds. Using the forced-choice method with correction 
for wrong responses in a vary-frequency experiment, it was 
found that the forced-choice threshold is lower (higher 
critical frequency) than the threshold obtained with the 
method of limits. 

(Supported by a grant from the National Science Foundation) 


Pharmacology 


DIPHENY LHYDANTOIN-2-C!4IN CAT BRAIN. H. Fire- 
mark*, C. F. Barlow*, and L. J. Roth. The University 
of Chicago, Chicago, [Ill. 

Following intravenous administration of single doses of 
15 or 50 mg/kg of diphenylhydantoin-2-C14 to cats, levels 
of drug in brain increased two to threefold over plasma 
levels at 1/2 to 6 hours. Ultrafiltrates obtained from whole 
brain and plasma contained approximately equal concentra- 
tions of unmetabolized diphenylhydantoin. The concentra- 
tion of drug in CSF approached that of the diffusible fraction 
in plasma in each animal. These data indicate that 
diphenylhydantoin is unusual when compared to other com- 
pounds (phenobarbital, thiopental, barbital, acetazolamide) 
studied by similar methods, in that the total concentration 
in brain greatly exceeds the concentration in plasma. An 
unusual "affinity" between diphenylhydantoin and brain tis- 
sue is demonstrated in vitro and in vivo, Tissue binding 
appears to be an important factor in this accumulation. 














Pharmacology 


UREA DISTRIBUTICN AND CSF PRESSURE CHANGE IN RATS FOLLOWING 
UREA LOADING. Donal J. Reed*® and Dixon M. Woodbury. Dept. of 
Pharmacology, University of Utah, Salt Lake City. 

Urea is widely used clinically to reduce CSF pressure and 
brain volume. To investigate further the mechanism of this 
action of urea, nepnrectomized rats were injected intraperi- 
toneally with 5 pe C-ll urea and 2.0 gm/kg urea in 5% dextrose 
Radioactivity in brain cortex, CSF, plasm and muscle was 
measured at intervals from 2 min. to 2) hrs. and CSF pressure 
was measured for 2 to hrs. after injection. After urea was 
given the CSF pressure fell rapidly, was miniml at 10 to 20 
min. and increased steadily to the pre-injection level in 2 
hrs. Brain water content also fell sharply, was minimal at 1 
hr. and recovery to control level required 8 hrs. Urea C-lh 
activities in brain water and CSF also required 8 hrs. to 
reach a maximum which was equal to the plasm water activity. 
The time to rehydrate the brain-was the same as that for brain 
urea activity to reach a mximum but was |; times longer than 
the recovery period for CSF pressure. It is concluded that the 
decrease in brain water content, and presumably brain volume, 
is a result of the osmtic effect of the urea. The change in 
CSF pressure after urea is a resultant of the osmotic decrease 
in intracranial volume and the rate of elaboration of CSF. 
(*Postdoctoral Fellow N.I.H. No. 4F-7779-C3. Supported by 
Grant B-381, N.I.H. and National Neurological Research Found. ) 








Pathology 


DEVELOPMENTAL NEUROPATHOLOGY OF GENETIC MUTANT MOUSE, 
"PARALYTIC." Richard E. shall,* Constance J. D'Amato,* 
Maureen A. ine,* Samuel P. Hicks, Depts. of Pathology, 
Harvard Medical School, New England Deaconess Hospital, 
Boston, Massachusetts. 

Homozygous paralytic mice are smaller at birth, less 
active at 10 days, and show paralysis of hind-quarters at 
14 days, compared with unaffected sibs. Paralyzed adults 
pull themselves about with their forelimbs. They may die 
or survive as long as 18 months. Priapism, distended 
bladders occur. Adult body weight may be less than 4 nor- 
mal, brain weight about 4/5. Serial sections of brains, 
and segments of some lumber spinal cords, of 6 paralytics 
1 to 5 months old, 4 paralytics 2 to 21 days old; and 8 
comparable sibling controls, show thus far: Degeneration, 
gliosis and focal destruction of lower spinal white matter, 
mall corpus callosum, hippocampal and anterior commissures, 
and some brain stem tracts. Many paralytic neurons are 
emaller and closer packed than normal. Appearance of 
youngest paralytics suggests an early lag in growth of 
glia and neuron processes of outer neocortex, inferior 
Qlive, red nucleus and certain other assemblies. 


249 NEUROPHYSIOLOGY —Brain—Brain stem 
Physiology 


CORTICAL AND RETICULAR INFLUENCES UPON EVOKED RESPONSES IN 
DORSAL COLUMN NUCLEI. C. Guzman-Flores*, N. Buendia* and 
D. B. Lindsley. Long Beach VA Hospital and UCLA Medical 
School, Los Angeles. 

Cortical influences, conducted in the pyramidal tract, can 
modify the amplitude and form of the evoked response in post- 
erior colum nuclei. Both increase and reduction of response 
can be produced by direct cortical stimlation. When the 
cortex is excited indirectly, through specific thalamocorti- 
cal connections, only facilitation occurs. This study has 
explored further ways in which the response can be modified. 
In the encephale isole cat, evoked response in posterior col- 
umm nuclei can be reduced by stimulation of midbrain tegment- 
um. When sensori-motor cortex is ablated, this reduction can 
no longer be obtained; instead, facilitation occurs. Addit- 
ionally, serially evoked responses in posterior colum nuclei 
display a pronounced increase in amplitude after ablation of 
the sensori-motor cortex. It is concluded that (1) the cer- 
ebral cortex exerts a reducing influence upon afferent poten- 
tials in the gracile and cuneate muclei, (2) stimlation of 
the reticular formation is capable of activating this mechan- 
ism, and (3) the reticular formation also has a direct facil- 
itatory effect on these responses in the posterior colum 
muclei. (Supported by contract NR 144-102, Nonr-233(32).) 
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THALAMIC INFLUENCE UPON TREMOR INDUCED BY MESENCEPHALIC Stng, 
IATIQN. E.A. Spiegel, E.G. picket" and H. S$ r*.Dept. Exp, 
Neurology, Temple Univ. cal Center, iphia, Pa, 

It was attempted to analyze the mechanism inducing c 
of resting tremor in man on stimlation of the ventrolatera] 
area of the thalams (VL). Such stimlation in cats influences 
amplitude(mostly increase) and frequency (increase or 
of the tremor induced by stimlation of the mesencephalic 
mentum (MI);jumping movements may appear. The effective area 
is not limited to the n. ventr.later.; it includes the n.veny, 
ant., the lamina medull. ext. and sometimes the n. entopedun 
cularis, Ablation of the frontal lobe (FL)including the sig. 
moid gyri and combined with nearly complete destruction of thy 
pallidum (Pa) was performed 3 to 6 weeks preceding stimla- 
tion. Under these conditions,the effect of combined stiml,. 
tion of MT and VL was practically the same as in cats with ip. 
tact FL and Pa; there was no significant difference of threg. 
hold. Apparently the cortical projection areas of the n.ventr, 
later. and ant. are dispensable for the above described effeds 
The latter can not be related to stimlation of pallidofugal 
fibers only;at least partly,a direct effect upon cells in th 
VL area of the thalams has to be assumed. The impulses pro. 
bably are conducted from VL to neurons in other diencephalic 
areas,partly the hypothalams,and thence to MT.(Aided by 
Grant No. B-70,NIND, USPHS). 

























Physiology 
Effects of an Organic Buffer (THAM) on Central Respiratory Me- EFFEC 
chanisms in the Cat. S. H, Ngai, G. G. Nahas and S. C, Wang, Stans 





Depts. of Anesth, and Pharmacol., Columbia Univ., N.Y.C. Thive 

In decerebrate, vagotomized cats, the effect of intravenou- Tt 
ly infused 2-amino-2-hydroxymethyl-1,3-propanediol (THAM) on of ¢ 
respiratory responses to electrical stimulation of the medulle asset 
ry inspiratory center, the pontile pneumotaxic center and the preps 


central vagus nerve was studied, During the induced alkalosis nific 
with slow and shallow breathing, the stimulus threshold for in B ¢onj 
spiratory shift upon inspiratory center stimulation was elevat- abol: 
ed, However, with supraliminal stimuli the magnitude of inspi- NIC; 
ratory spasm was not significantly altered, The usual accelera § jate: 
tory response to pneumotaxic center stimulation and: to low fre- only 
quency central vagal stimulation was reduced or abolished, Th from 
stimulus threshold for expiratory apnea upon high oy aE lesii 
central vagal stimulation was lowered. Thus, as COp (H-ion) i vest: 
the major driving force for respiratory rhythmicity, the with- from 


drawal of this force renders the center less responsive to fa- Cont: 
cilitatory impulses and more sensitive to inhibitory impulses, evok 
Alkalosis does not seem to affect the ability of inspiratory inee' 
neurones to respond. Rather, the diminution of COg (H-ion) (ave 
drive makes it necessary to increase the stimulus strength to ince 
elicit a response. These findings are parallel to the respira- nuel 
tory effects of narcotics as reported previously (Fed, Proc. from 
19: 289, 1960). (Supported by Grants B31C and Hk859, USPHS.) pon 
Physiology 

DIE 

PERIPHERALLY EVOKED POTENTIALS IN BRAIN OF MONKEY AND THEIR SEM 
ALTERATION BY PENTOBARBITAL. I.H. Wagman and S. Feldman* E, 
Mount Sinai Hospital, New York, N.Y. sais 
Potentials evoked by sciatic stimulation were recorded (Sa: 

in the brain of rhesus monkeys. In flaxedilized animals, of 
short (10 to 15 msec.) and long (20 to 80 msec.) latency res- tio 
ponses were obtained in reticular formation (midbrain and pond stu 
and hypothalamus. Small doses of pentobarbital abolished Fed. 
these potentials. Upon further addition of anesthetic, sciatic fro 
stimulation evoked longer latency responses (up to 250 msec.). one 
The level of anesthesia needed to produce these secondary dec 


responses is more critical in the Macaque than in the cat 
(Feldman and Porter, EEG Clin, Neurophysiol., 1960, 12: 111), 
suggesting a greater susceptibility of monkey brainstem synap- 
ses to -entobarbital. Similar long latency responses were re- 
corded in the present experiments, and under the same condi- 
tions, in basal ganglia, amygdala and cerebrum. The brainstem 
potentials, therefore, appear to be related to the Forbes 
secondary response. On the basis of the results, it is con- 
cluded that there may be neural mechanisms, demonstrable under 
pentobarbital, which are inhibited in the unanesthetized ani- 
mal, It is proposed, in regard to specificity of pento- 
barbital effects on brainstem, that there may be at least two 
kinds of synapses having different sensitivities to this anes- 
thetic. (U.S.P.H.S. Grant No. B294). 
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Physiology 


EISCTROPHYSIOLOGY OF THE HABENULO- INTERPEDUNCULAR SYSTEM IN 
ANESTHETIZED CATS. Keith E. Bignall* and Robert W. Doty, 
Department of Physiology, University of Michigan, Ann Arbor. 





Under light Nembutal anesthesia 100-250 uV potentials 

are recorded with bipolar electrodes throughout the inter- 
yncular nucleus (IPN) about 5 msec. after a 0.1 msec., 
5-10 V. pulse to the habenula or stria medullaris. Pulses to 
IPN seem ineffective in eliciting "spike" responses in the 
pabenule, but trigger a reproducible series of 8/sec. waves 
enduriug up to 1 sec. Pulses to the mesencephalic reticular 
formation elicit potentials in IPN and habenula with latencies 
of 2-15 msec., and vice versa. On one occasion potentials 
could be evoked in the reticular formation to IPN stimuli 
only while the eyes were illuminated. Tetanization of IPN 
produces movements of the face and forelegs, frequently 
followed by swallowing or coughing at cessation of stimulation. 
Tetanization of the habenula produced no apparent movement 
nor lowering of body temperature. 
(Supported by USPHS Grant B-1068) 


Physiology 


EFFECT OF BRAIN STEM LESIONS ON OCULAR TORSION IN CATS. 
Stanislaw Toczek* and Jane E. Hyde. Department of Physiology, 
University or California Medical Center, Los Angeles. 

The effects of coagulating lesions in interstitial nucleus 
of Cajal (iJIC), zona incerta, and vestibular nuclei were 
assessed On spontaneous and evoked ocular torsion in 16 cats 
prepared as encéphale isolés. Spontaneous torsion was sig- 
nificantly altered only following vestibular lesions. 
Conjugate torsion evoked from stimulation of zona incerta was 
abolished following lesions destroying over 50% of ipsilateral 
NIC; contralateral lesions of NIC or lesions posterior or 
lateral to NIC were either ineffective or altered torsion of 
only one eye on stimulation of zona incerta. Torsion evoked 
from stimulation of NIC was not significantly altered by 
lesions in ipsi - or contralateral zona incerta. Ipsilateral 
vestibular lesions resulted in increase in torsion evoked 
from 2 of 7 NIC sites and from 7 of 10 zona incerta sites. 
Contralateral vestibular lesions were followed by decrease in 
evoked torsion, the decrease being significantly greater with 
incertal stimulation (average 16°) than with NIC stimulation 
(average 7 )5 Thus conjugate ocular torsion evoked from zona 
incerta appears mediated through ipsilateral NIC. Vestibular 
nuclear lesions alter spontaneous torsion and that evoked 
from zona incerta but have a lesser effect on torsion evoked 
from NIC. (Supported by grant B-1000 from U.S.P.H.S.) 





Physiology 


DIEN-MESENCEPHALIC LOCI INVOLVED IN PENILE ERECTION AND 
SEMINAL DISCHARGE. Paul D. MacLean*, Sushil Dua*, and Rollin 
H, Denniston. Natl. Insts. of Health, Bethesda, Maryland. 

Chronically prepared cr anesthetized male squirrel monkeys 
(Saimiri sciureus) are being used for stereotaxic exploration 

the brain to localize structures involved in sexual func- 
tions. Electrodes are fixed at positive points for further 
study, In continuation of previous work (MacLean and Ploog, 
Fed. Proc., 1959), exploration has been extended caudally 
from diencephalon into midbrain, In histological sections, 
one traces positive loci for erection from postmammillary 
decussation and medial forebrain bundle laterally around 
medial part of cerebral peduncle and third nerve into medial 
and then dorsolateral regions of substantia nigra. From here 
one follows them caudally along peduncular fibers, through 
Pontine nuclei, to lateral portion of pyramid. Less active 
Points are localized ventrolateral to heabenula, near red 
nucleus, and in middle cerebellar peduncle, Stimulus pulses 
of 10-50 sec, at 30-100/sec. seem optimal under waking 
conditions or nembutal anesthesia, Reproducible discharge of 
Semen with motile sperm has been elicited by stimulation in a 
Tegion dorsal to third ventricle and between thalamus and 
Posterior hypothalamus. Other loci for ejaculation lie more 
lateral , caudal, and ventral in tegmental field lateral to 
habenulopeduncular tract. 
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Physiology 
LOCALIZATION OF A MECHANISM FOR VOCALIZATION IN THE HYPOTHALA- 
MUS AND ITS DESCENDING PATHWAY IN THE BRAIN STEM OF THE CAT, 
Tatsuya Kanai* and S.C, Wang. College of Physicians and Sur- 
geons, Columbia University, New York City, 

Electrical stimulation of the general region corresponding 
to the lateral hypothalamic area and rostral portion of the 
midbrain in light nembutalized or decorticate cats provoked 
prompt vocalization and other signs of "rage", such as strug- 
gling, clawing movements, lashing of the tail, together with 
diffuse sympathetic discharges (piloerection, hypertension, 
etc.). Only vocalization was evoked without any sign of "rage" 
when an area corresponding to the ventral portion of the med- 
ial lemniscus in the lower brainstem was stimulated, Stimu- 
lation of this area at the medullary level still produces vo- 
calization after complete transection at the pontile level. 
This evidence indicates that this area in the lower brainstem 
constitutes an efferent pathway, Further, hypothalamic stim- 
lation after localized destruction of the lower brainstem le- 
vel provoked cnly signs of "rage" without vocalization, There- 
fore the ventral region of the medial lemniscus is the descen- 
ding pathway of the vocalization mechanism, These experiments 
also indicate that an integrative center for vocalization and 
"rage" resides in the hypothalamus and rostral portion of the 
midbrain, and their descending pathways are not the same in 
the lower brainstem, (Supported by USPHS, B31C) 


Physiology 


BRAIN STEM, E,E.G, AND CORTIGAL VASOMOTOR REACTIONS. Kon Huh, 
W. R. Darmedy, G. S. Scratch, and F. Morin. Wayne State U. 
Med. Coll., Depts. Anat. and Neurosurg., Detroit, Michigan. 

In cats under various levels of anesthesia the effects of 
brain stem stimulations and lesions on the E.E.G. and on 
cortical vasomotor reactions have been studied. Intracarotid 
injection of drugs and artificial respiration with various 
gas mixtures have been used in association with the 
stimulation of the brain stem in animals with chronic lesions 
of pontine and midbrain reticular formation. The results 
indicate that E.E.G. asymmetry is produced by pontine lesions, 
that increased blood flow, as measured by thermistors, 
generally accompanies arousal reactions produced by brain stem 
or physiological stimulations. Changes in cortical flow seem 
to be correlated with anesthetic level and to be influenced 
by a variety of intracarotid injected drugs of which the most 
active appear to be epinephrine and acetylcholine. Such 
vasomotor changes induced by brain stem stimulation occur in 
animals with acute high cervical spinal transection and 
chronic brain stem lesions of various sizes and location. The 
possible mechanism of such vasomotor reactions is under study. 
(Supported by U.S.P.H.S. Grant 405 C). 
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"CARDIOVASCULAR" NEURONES IN THE BRAIN-STEM OF THE CAT. 
G. C. Salmoiraghi.* Natl. Insts. of Health, Bethesda, Md. 
During systematic exploration with microelectrodes of the 
brain-stem from the obex to the inferior colliculi in anaes- 
thetized, decerebellated, midcollicularly decerebrated cats, 
neurones were occasionally encountered which modified their 
rate of discharge when the arterial pressure exhibited spon- 
taneous fluctuations (Mayer's waves) or was transiently modi- 
fied by quick intravenous injection of fromlto3y7 of 
noradrenaline and histamine or when a common carotid artery 
was occluded. On the basis of the direction of the change of 
their discharge rate such neurones could be divided into two 
groups: "Population one" neurones increased their rate of dis- 
charge when the arterial pressure rose and decreased it when 
the arterial pressure fell or when a common carotid artery(in 
the absence of the other three buffer nerves) was occluded. 
"Population two" neurones behaved in the opposite way. Such 
neurones were found scattered throughout the medulla, more of- 
ten within medial structures, and in the medial portion of the 
pons. "Population two" neurones were encountered three times 
more frequently than "population one" neurones. Both types of 
neurones were found intermingled and in close proximity with 
other neurones whose rate of discharge was not influenced by 
arterial pressure changes. It appears likely that these neu- 
rones control or participate in the control of vasomotion. 
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BEHAVIOR OF DECEREBELLATE CATS WITH OR WITHOUT NEOCORTEX IN 
CHRONIC STATE. G, H. Wang and W. |. Welker. Lab. of Neuro- 
physiology, Department of Physiology, Univ. of Wisconsin, 
Madison, Wis. 

Fulton, Liddell and Rioch (Arch. Neurol. Psychiat., Chicago, 
1932, 28:542-570) kept their decerebellate-thalamic cats alive 
for not longer than 16 days because of the fact that a thalamic 
cat is extremely active. A striatal cat is inactive in con- 
trast to a thalamic one. We have kept one decerebellate-stri- 
atal cat alive for 202 days and two striatal-decerebellate cats 
for 238 and 333 days, respectively. We have found: (a) A 
chronic decerebellate cat walks with ataxia, eats with hyper- 
metric movements and keeps itself clean. (b) A chronic stria- 
tal cat walks normally, eats normally, and keeps itself clean. 
(c) A chronic striatal-decerebellate or decerebel late-striatal 
cat eats with no abnormal movements, keeps itself clean, but 
does not walk. Absence of walking in a cat chronically de- 
prived of the neocortex and cerebellum seems to be due to: (a) 
loss of all righting reflexes except labyrinthine righting re- 
flex of the head; (b) frequent bouts of extension of all four 
limbs; (c) loss of coordination between fore- and hindlimbs; 
and (d) loss of ability to correct bad posture of the limbs. 
(Supported by Grant B-1460 from NINDB.) 
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RESPONSES FROM THE OLFACTORY BULB IN THE UNANESTHETIZED, CON- 
SCIOUS MONKEY. John R. oa and John A. Mazurowski.* Meyer 
Hosp., Buffalo Univ. Med. Sch., Buffalo, N. Y. 

Electrodes were chronically implanted into the olfactory 
bulb of Macaques and electrical responses were recorded on 
the EEG machine, cathode-ray oscilloscope and tape recorder. 
The background activity in the conscious, reposed animal in 
an odorless environment consists of low amplitude fast acti- 
vity without rhythmical bursts. In the presence of various 
odors, especially cigarette smoke and essential oils, bursts 
of rhythms of 30-),5/sec. are synchronized with inspiration. 
Odors failing to produce these rhythms tend to be sharp, pen- 
etrating odors of low molecular weight. Nembutal anesthesia 
decreases the frequency of the burst activity with increasing 
depth of anesthesia. Also, the background activity becomes 
more rhythmical and higher in amplitude, is likely related 
to the barbiturate anesthesia and is not seen with demerol 
anesthesia. Nembutal also increases the threshold of burst 
activity from smoke, but a greater increase of threshold of 
activity is seen from odorless air pumped into the nostril, 
presumably producing 2 mechanical response. Taped responses 
to different odors were analyzed by a wave analyzer, showing 
at least three different peaks of response. (Supported by 
USPHS Grant B 156i). 
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MESCALINE SPIKE ACTIVITY OF THE CEREBRAL CORTEX ELICITED BY 
DIRECT STIMULATION. S. Ochs, A. Dowell*, and I. Steele 
Russell*. Ind. Univ. Sch. Med. Indianapolis, Indiana 

A small drop of mescaline in 1% concentration placed on 
the site of the cortex recording direct cortical responses 
(DCR's) to single stimuli gives rise after 3-6 min. to 
large long-lasting discharges similar to strychnine spikes. 
Like strychnine spike convulsive activity, the mescaline 
spike is triggered during or after the DCR depending on 
stimulus strength. Latencies of triggered spikes may be as 
long as 50-100 msec. or more. The intracortical nature of the 
spike was shown by the presence of the mescaline spike in 
pallial island preparations. These are produced acutely or 
2-7 days beforehand by cuts passing through both gray and 
white matter leaving a square of cerebrv connected only by 
its pial blood supply. The relation of the mescaline spike 
to the negative wave DCR which proceeds it is complex. The 
DCR may be either increased in amplitude or decreased by 
mescaline which produces these large convulsive spikes. GABA 
rapidly blocks or reverses both the DCR and the mescaline 
spike. Nembutal in sub-anesthetic doses injected I.V. has a 
depressant effect on the mescaline spike while the DCR is 
not diminished. Supported by PHI Grant #1993C. 
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M. Wenzel,* R. D. Tschirgi, and J. L. Taylor, Jr.* Univ. of 


Calif., Los Angeles, 


and Univ. of Ill. Coll. of Med., Chi 


Under certain circumstances, major unilateral cortical m, 


moval may result in 
ties. To study the 


little permanent deficit in motor abili. 
effects of early damage on ability to m, 


spatially oriented responses, hemispherectomy was done on 


nine-day old kittens 


- The two that survived surgery develo. 


ed normally, and showed no motor deficiency other than perm, 


ent loss of the plac 
Testing in special l 
Performance of the h 
that of normal litte 
ed animals performed 
two reaction-time te 


ing reflex in the contralateral limbs, 
earning situations began at nine weeks, 
emispherectomized cats was compared with 
rmates and surgical controls. The opert. 
as well as the controls in a T-maze. }y 
sts, one measuring visual function and om 


measuring paw dominance, both of the operated and three of 


four control animals 


made faster responses on one side than 


the other. The operated cats responded faster on the side ip. 
silateral to their lesion. It is concluded that cats deprive 
of one cerebral hemisphere soon after birth are not essential. 
ly different from controls in spatially oriented behavior or 
in motor ability. These observations are part of a broad pn. 
gram of investigation on the relation between bilaterality of 
the central nervous system and spatial discrimination. 

(Supported by a grant from the Natl. Assn. for Mental Health.) 


Physiology 


EFFECTS OF SLEEP ON PHOTICALLY EVOKED RESPONSES IN MAN, E.V, 


Evarts. Natl. Insts 


- of Health, Bethesda, Md. 


An averaging technique (Cox, RR. and Evarts, E.V., EEG 


clin. Neurophysiol., 


1961) was employed to detect responses t 


brief flashes in healthy adult subjects during sleep and wak- 
ing. Recordings were obtained between scalp electrodes on th 
inion and left occipital region. Responses during waking wer 


similar to those des 


eribed by Cobb and Dawson (J. Physiol, 


152:108,1960), having a mean latency of 27 msec, and consist. 
ing of a series of 1-8 uv deflections of 10-20 msec duration 
in which the inion electrode was positive, followed by a slow 
er negative deflection. 200-300 msec following these deflec- 
tions a train of 8-14/sec alpha-like waves appeared, as des- 
eribed by Brazier and Casby (EEG clin, Neurophysiol. 1956, 8: 
325). Sleep was associated with the appearance of a diphasic 
5 to 40 uv wave of 40-80 msec latency in which the inion was 


initially negative. 


This wave appears to be the K-complex of 


Davis et al. (J. Neurophysiol. 2:500,1939). The shortest le 
tency deflections did not change significantly with the onset 


of sleep. The late, 


alpha-like activity, however, did disap- 


pear during sleep. The occurrence of the K-complex in the 
absence of significant changes in the primary components of 
the response provides further evidence for a difference in 
the mechanisms involved in the occurrence of the early as cal- 
pared to the late components of the evoked cortical response, 


Physiology 


ELECTROCORTICAL SYNCHRONIZATION(ECS)IN CATS FROM REDUCTION OF 


PROPRIOCEPTIVE DRIVE 


CAUSED BY A MUSCLE RELAXANT (FLAXEDIL). 


Robert Hodes, Dept.Pediatrics, Mount Sinai Hospital, New York, 
Since cortical deafferentation is a major cause of sleep 
(Bremer), and Ho et al.(Physiol. bohemosloven. 1960,9: 95-92), 
Contrary to previous work, showed that massive deafferentation 


by C1 section("encep 


hale isolee")leads to ECS, it was thought 


that reduced proprioceptive barrage alone might also predispose 
to behavioral sleep and/or ECS. Etherized cats given 2~4ng/kg 


Flaxedil i.v. showed 


ECS(spindles, etc.). As the relaxant wore 


off ECS lessened, but could be reinstated promptly by another 
injection, and the procedure repeated for many hours, In very 
light flaxedilization a tiny 1.v. dose of Nembutal (0.25-0.5 

mg/kg), ineffective by itself, caused profdéund ECS. Auditory, 
visual,and tactile stimlation caused desynchronization during 


mild or moderate ECS, 


but failed to do so in deep Flaxedil-ir 


duced BCS. Behavioral responses agreed with electrocortical 

findings. The constricted pupils widened in the former, but 

were unresponsive in the latter, situation. Flaxedil—induced 
ECS was not due to direct drug action on the CNS since intre- 
carotid injections were ineffective, nor were the minimal BP, 
cardiac, or pCO (alveolar) effects indirectly responsible. It 
is concluded that electrocortical activity is depres as 8 

result of reduced afferent signalization from immobilized 


muscles and joints. 


(Supported by USPHS Grant # B-2796). 
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Physiology 


THE LACK OF CAROTID SINUS OR CAROTID BODY EFFECT IN 
CEREBRAL SYNAPTIC INHIBITION BY SEROTONIN, Jose M. 

ez,* E. Ross Hart and Amedeo S. Marrazzi, Vet. Admin, 
Research Laboratories in Neuropsychiatry, Pittsburgh, Pa, 

The possible role of intralumenal serotonin on the carotid sinus 
(C.S.) or the carotid body (C.B.) in the cortical synaptic inhibition 
we have reported after intracarotid injection was assessed by:- 

(1) excluding the C.S, and C,B, in the carotid a, injection, and (2) 
perfusing only the C,S, and C.B. region, This was achieved by:- 
(1) retrograde lingual a, injection after carotid a, occlusion below 
the origin of the lingual a,, and (2) intracarotid injection below the 
C.S. and C.B. with the flow shunted into the severed lingual a, by a 
carotid a, clamp just above the origin of the lingual a, In nembutali- 
zed cats where small doses of serotonin injected intracarotidly with 
C.S, and C.B, excluded inhibited the transcallosally evoked cortical 
potentials, the same dose confined to and perfusing the C,S, and C. 
B, region alone had no effect, This is considered evidence that 

C.S, or C.B. effects did not contribute to the cerebral action of 
these doses of serotonin introduced by close arterial (intracarotid) 
injection. 





Physiology 


PHYSIOLOGICAL CONSEQUENCES OF AXON-COLLATER- 
AL PROLIFERATION IN ISOLATED IMMATURE NEOCOR- 
TEX. D. P. Purpura and E. M. Housepian*, Dept. of Neuro- 
logical Surgery, Columbia University, New York. 
Conversion of Type I pyramidal neurons into Type II 
arciform elements with multiple axon-collaterals proceeds 
rapidly in immature neocortex sub-pially isolated in the im- 
mediate neonatal period. This event coupled with the normal 
postnatal maturation of apical and basilar dendritic systems 
results ina marked increase in synaptic excitatory activi- 
ties initiated by weak surface and sub-surface stimulation. 
The contribution of apical and basilar dendritic depolariz- 
ing p.s.p.'s to repetitive 10-20/sec. discharges evoked in 
isolated neocortex of 5-10 day old kittens is indicated by 
analyses of surface and intracortical focal potentials and 
the effects of topically applied weamino acids and strychnine. 
Such analyses permit distinctions between spreading ''burst'' 
responses and local repetitive paroxysmal discharges. Re- 
organization of intracortical synaptic pathways rather than 
"denervation sensitivity'' is inferred to be the major factor 
responsible for the development of hyperexcitability in iso- 
lated immature cortex. 





Physiology 


VARIABILITY OF RESPONSE PARAMETERS OF SIMULTANEOUSLY RECORDED 
CORTICAL NEURONS. Vahe E. Amassian, Josiah Macy, Jr.* and 
Hardress J. Waller.* Albert Einstein College of Medicine, 

New York 61, New York. 

The activities of two or more neurons have been simultane- 
ously recorded in somatosensory area I of cats. It is well 
known that increasing the peripheral stimulus above threshold 
usually reduces the mean latency and increases the average 
number of repetitive responses of a given neuron. At a given 
Stimulus strength, the responses are variable and yield 
correlations between latency (L) and number of discharges (N) 
which are usually statistically significant and negative, but 
low (i.e. smaller than 0.6). These correlations are lower 
than would be expected if the variability can be accounted 
for by a single parameter which affects both L and N, unless 
the parameter is assumed to vary with a period less than that 
of the repetitive discharge. Correlations between either L's 
or N's of two simultaneously recorded neurons and between L 
for one neuron and N for the other neuron were low, and 
Usually not statistically significant. Both positive and 
Negative correlations were observed. Evidently, neurons 
Situated 1-14 mm apart in cortex, which respond to a given 
Peripheral stimulus, show an important amount of independent 
Variability. 

Supported in part by NIH B-1603 (C2), U.S.P.H.S. 









Physiology 

UNIT RESPONSES IN AFFERENT PATHWAYS. L.L. Boyarsky, 
D. Frazier* and G. Santambrogio*, Department of 
Physiology, Univ. of Kentucky, Lexington, Kentucky 

The response of somaesthetic cortical, thalamic 
and cuneate neurones have been studied as a function 
of input frequency. Stimulation of the radial nerve 
elicits cortical unit responses which fail at high 
frequencies (above 60/sec). The random nature of 
the failure has been statistically established. 
Stimulation of the VLP nucleus of the thalamus gives 
rise to non-random failure of cortical units. The 
response consists of bursts of unit activity which 
persist at high input frequencies. The random re- 
sponses of the cortex therefore arise in subcortical 
areas. Units in cuneate and VLP of the thalamus 
fail randomly to high input frequencies. Long- 
latency (20 msec.) responses have been found in the 
cuneate which occur only following application of 
bands of input frequency of 3-20/sec. It is sug- 
gested that such low frequency filters may be in- 
volved it. the production of the 10/sec. rhythms of 
the nervous system. 
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APHAGIA, ADIPSIA AND POLYDIPSIA FOLLOWING HYPOTHALAMIC LESIONS 
IN THE RAT. R.W. Smith * and S.M. McCann, Dept. of Physiology 
U. of Pennsylvania, Philadelphia, Pa, 

Electrolytic lesions in the lateral hypothalamus produced 
aphagia and adipsia. One rat remained adipsic until sacrifice 
9 1/2 months after operation. Seven rats with lesions in the 
lateral hypothalamus continued to drink water while refusing 
ground laboratory chow. This effect lasted until sacrifice, 
8-13 days post-lesions, suggesting that areas regulating water 
intake and food intake are separable. To see if primary poly- 
dipsia is present in diabetes insipidus, lesions designed to 
induce diabetes insipidus were produced in rats in which vari- 
able renal water loss had been eliminated by prior nephrectomy 
Rats with lesions drank significantly more than nephrectomized 
controls during the 2 day observation period. The experiment 
was repeated, but food was withheld and controls were sub- 
jected to sham hypothalamic operation (passing electrode into 
dorsal hypothalamus). In this group water intake was greater 
and weight loss less in rats with lesions than in sham oper- 
ated controls, though the difference was less than that seen 
in presence of food, Although the difference in water intake 
was small, the results suggest that destruction of an inhibi- 
tory drinking center may contribute to polydipsia in diabetes 
insipidus. Water intake may be stimulated by lateral and in- 
hibited by medial areas in the hypothalamus. 


Physiology 


Alan B. 
Albert Einstein College of Medicine, New York, 


BRAINSTEM CONTROL OF THE NEUROHYPOPHYSIS IN THE CAT. 
Rothballer. 
New York. 
Stimulation of the mesencephalic reticular formation in 
the lightly anesthetized, vagotomized, encéphale isolé cat 
produces a pressor response which previous experiments have 
shown is unlikely to be due to serotonin or catecholamine re- 
lease from the brain (Sharpless & Rothballer, Am. J. Physiol., 
in press). The possible role of the neurohypophysis was in- 
vestigated in acute and chronic cats after hypophysectomy, 
neurohypophysectomy, and supraopticohypophysial tract section. 
Chronic animals with neurohypophysial deficiency manifested 
permanent diabetes insipidus. Histological follow-up included 
serial sectioning and staining for neurosecretory material. 
In animals with complete loss of the neurohypophysis the pres- 
sor response was totally absent, suggesting that it is due to 
vasopressin release by the neurohypophysis. The response per- 
sisted however, often in reduced or delayed form, when abla- 
tion was incomplete or when there was histological evidence 
of regeneration of the supraopticohypophysial system. These 
experiments support the hypothesis that the mesencephalic re- 
ticular formation exerts an activating and controlling influ- 
ence upon the neurohypophysis. (Supported by Grant number 
B-1477, National Institutes of Health). 








Physiology 


EVIDENCE OF SEPARATE ‘FEEDING' AND ‘HUNGER MOTIVATIONAL' SYS- 
TEMS IN THE LATERAL HYPOTHALAMUS OF THE RAT. P.J.Morgane*. 


Physiol. Dept, Univ. of Tennessee Medical Units, Memphis, Tenn. 


Bipolar electrodes were implanted stereotaxically in the 


middle hypothalamis of rats in order to study the neural organ- 


ization of the "feeding" centers. Stimulation of the far lat- 
eral hypothalamic area (FLHA) consistently resulted in high 
lever pressing rates for food and feeding in satiated animals 


as well as "motivation" to cross a charged grill to lever press 
and feed. Stimulation in the mid-lateral hypothalamic area, al- 


though often producing feeding in sated animals, never produc- 


ed running of the electrical "barriers" to lever press for food. 


Medial forebrain bundle (MFB) lesions rostral or caudal to the 


“feeding” centers by themselves had no effect on feeding behav- 
ior, but in these animals stimulations in the FLHA, though pro- 
ducing feeding in sated animals, never resulted in "motivation" 
to cross the grill for food. Stimulations in the MFB rostral or 


caudal to the "feeding" centers resulted neither in barrier 
crossing or feeding behavior in sated animals. Simultaneous 
stimulations in the FLHA and "satiety" centers resulted in 
feeding in sated animals but failure to run the grill to lever 
press for food, indicating suppression of the MFB motivational 
system by the “satiety” center. It is postulated that there 
may be a non-specific motivational system in the MFB while the 
FLHA itself contains elements concerned directly with activa- 
tion of specific feeding reflexes.(Support by PHS Gr. B-2601). 


Physiology 


THE EFFECT OF HYPOTHALAMIC LESIONS ON THE SPONTANEOUS LOCO- 
MOTOR ACTIVITY OF THE RAT. W. E. Gladfelter*. W. Va. Univ. 
Med. Center, Morgantown, W. Va. 

The role of the hypothalamus in the control of the rat's 
spontaneous locomotor activity is being studied by systemat- 
ically placing throughout the hypothalamus bilaterally syn- 
metrical, electrolytic lesions and observing their effects on 
locomotor activity. Two apparently discrete regions in the 
ventral half of the tuberal area of the hypothalams have 
been found which cause a decrease in spontaneous locomotor 
activity when damaged. One is a lateral region which lies 
between the fornix and the cerebral peduncle and extends from 
the level of the fornix downward to the base of the brain. 
Its rostro-caudal extent seems to be from the level of poste- 
rior border of the paraventricular nucleus back to, but not 
including, the premammillary area. The other is a medial re- 
gion which seems to hie adjacent to the ventral half of the 
third ventricle extending laterally from this structure only 
about half a millimeter. This region, too, appears to reach 
to the base of the brain. The rostro-caudal extent of the 
medial region seems to be from the level of the suprachias- 
matic nucleus back to the level of the ventromedial nucleus. 
Locomotor activity was decreased to a much lower level after 
placement of the lateral lesions than after production of the 
medial lesions. 


Physiology 
CORTICAL RECRUITMENT AND BEHAVIORAL SLEEP INDUCED BY BASAL 
FOREBRAIN STIMULATION. M. B. Sterman and C. D. Clemente, 
Sch. of Med., Univ. of Calif. and Sepulveda V.A. Hosp., Los 
Angeles, Calif. 

Stimulation and recording experiments were performed in 
the breins of acutely and chronically prepared adult cats. 
An area was delineated at the base of the forebrain which 
upon stimulation (5-7/sec.) induced generalized cortical re- 
cruitment in both acute restrained and chronic behaving pre- 
parations. Behaviorally, animals with electrodes placed 
bilaterally in the pre-optic region and Diagonal Band of 
Broca showed drowsiness and sleep when stimulated at low 
voltages as well as low frequency high amplitude EEG acti- 
vity. It was possible to induce behavioral sleep in a 


previously alert animal within one minute after the initiation 


of stimulation; cortical recruitment appeared usually within 
35 seconds. Recordings of the electrical activity in effec- 
tive recruiting areas demonstrated intermittent spindles 
(cir. 36/sec.) associated with behavioral wakefulness, which 
became accentuated with alertness. These spindles dis- 
appeared as the animal became drowsy, indicating some re- 
ciprocal relationship with the cortical ZEG. The occurence 
of parasympathetic autonomic centers in nearby hypothalamic 
and pre-optic loci suggests that this area may be actively 
concerned with the damping of central activity as well as 
peripheral mechanisms. 
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HYPOTHALAMIC EEG COnnELATSS OF THERMORMGULATORY ReSPONSES Jy 
UNANESTHETIZED DOGS. J.S.Eisenman*,J.D.Hardy oe 
Dept. of Physiology, University of Pennsylvania, og 

The electrical activity of various hypothalamic arcas hag 
been recorded using mltipolar electrodes. Thermoregulatory 
responses were evoked by heating or cooling the anterior 
thalamus.Control records from all medial hypothalamic and pre 
optic regions show a desynchronized pattern with a basic 2 
cps wave modulated by faster activity.Lateral areas show ang 
pronounced slow wave pattern with less high frequency activity, 
Moderate hypothalamic heating causes peripheral vasodilation 
and relaxation of the animal. Correlated with this the EM 
from all hypothalamic areas shows a synchronized "sleep" 
pattern with a dominant 7-10 cps wave. This pattern shows 4 
typical arousal response to external stimuli. Hypothalamic 
cooling causes vasoconstriction and shivering. Shivering 
bursts generally occurred during the inspiratory phase of rep 
piration, In parallel with this, spindle-shaped bursts of a. 
tivity with a frequency of about 30 cps were recorded in all 
lateral hypothalamic regions and in the lateral and medial pp. 
optic areas, but not in the medial hypothalamus. The similar. 
ity between this pattern and previously described amygdaloid 
recordings suggests that this response represents hypothalanic 
activity induced by convergence of hypothalamic thermoreceptor 
impulses and amygdaloid influences, 





Physiology 

REQRDING OF ACTIVITY IN THE ANTERIOR HYPOTHALAMUS DURING 
PERIODS OF LOCAL HEATING. T, Nakayama* and J. S. Eisenman*, 
Dept. of Physiology, University of Pennsylvania, Phila., Pas 

Action potentials from cells in the anterior hypothalams 
of the anesthetized (urethane) cat have been recorded 
tungsten and steel micro-electrodes during periods of local 
heating with 3 megacycle r.f. current. Increased respiration 
and panting can be observed in the animals during heating, 
Cells have been observed over periods of 15-5 minutes with 
repeated episodes of heating to 2-l°C. Some of the cells 
studied show no change in activity whereas other cells show 
marked increase in firing rate during heating. The size of 
the action potentials from certain cells shows gradual de - 
crease in magnitude during heating with a restoration of an- 
plitude following heating. This may be associated with local 
vasomotor activity which displaces the cell with respect to 
the micro-electrode, 


Physiology 


EFFECTS OF SEPTAL & HYPOTHALAMIC LESIONS ON SHIVERING. 

D.G. Stuart*, Allan Hemingway & Y.Kawamura*. Department of 
Physiology, UCLA Medical Center, Los Angeles, and Osaka Uni- 
versity Dental School, Osaka, Japan. 

In a previous investigation (Physiologist 3:156,1960) it 
was reported that shivering could be induced in non-shivering 
cats by electrical stimulation of the dorsomedial posterior 
hypothalamus and, using greater stimulation intensity, the 
ventrolateral midseptum. These results seemed to indicate a 
primary hypothalamic and secondary septal control of shiver- 
ing. To investigate this concept further lesions were made 
in medial and/or lateral septal regions in 9 cats and in 
various hypothalamic regions in 18 cats. Four to six weeks 
post surgery they were given a standardized cold exposure test 
shivering being measured metabolically and compared to the 
responses of intact cats subjected to the same test. No septal 
lesion affected shivering but dorsomedial posterior hypothala- 
mic destruction abolished it. Dorsolateral posterior hypothal- 
amic destruction did not affect the intensity of shivering 
but the rectal temperatures of animals with such lesions fell 
excessively in the cold. The results suggest that the primary 
region controlling shivering is the dorsomedial posterior hype 
thalamus with heat retentive mechanisms controlled by the 
dorsolateral posterior hypothalamus. The results support our 
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Physiology 


THERMAL REGULATORY RESPONSES OF UNANESTHETIZED DOGS WHILE MAIN- 
TAINING HYPOTHALAMIC TEMPERATURE CONSTANT AND VARYING SKIN TEM- 





PERATURE. H.T. Hammel, D.C. Jackson* and J.D, Hardy, Dept. of 
Physiology» Univ. of Penna., Medical School, Philadelphia, Pa. 


The hypothalamic temperature was held constant at normal ,be- 
low normal and above normal temperatures by 6 thermdes im- 
planted around the hypothalamus and circulated with water by a 
method described in Am. J. Physiol. 198:481, 1960. The oxygen 
consumption, evaporative heat loss from the mouth, rectal and 
hypothalamic temperatures and 11 skin temperatures of the trunk 
feet and ears were measured at ambient temperatures of 15°C and 
30°C and while rapidly decreasing or increasing the temperature 
between these limits, With the dog in equillibrium in the 15°C 
environment the oxygen consumption would fluctuate between 100% 
and 300% of the basal level, Increasing the hypothalamic tem- 
perature 0.4°C above the control level of 38.3°C by perfusing 
the thermodes with 39.0°C water decreased the oxygen consump- 
tion and shivering but did not eliminate the shivering, Shiv- 
ering and oxygen consumption increased when the hypothalamic 
temperature returned to normal, Decreasing the hypothalamic 
temperature 0.3°C below normal by perfusing the thermodes with 
water at 36.9°C increased the oxygen consumption to 400% of the 
basal level for 10-15 minutes but not indefinitely. We con- 
clude that both skin and hypothalamic temperature were in- 
yolved in normal temperature regulation in the cold environment. 
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SPECTRA AND AVERAGE SHAPES OF SLOW WAVES IN THE HIPPOCAMPAL 
SYSTEM DURING TRATNDIG. D.O. Valter*, Dept. of Physiology, 
School of Medicine, UCLA. 

The objective evaluation of EEG data by machine compu- 
tation was utilized by Adey, Dunlop & Hendrix in auto - & 
cross-correlating slow waves seen in training records from 
regions of the hippocampal system. The present study in- 
cludes auto - & cross-spectra, phase angles and coherences 
of similar data. These functions are applied in confirming 
those authors' result that hippocampal/entorhinal phase 
angles differ in early vs. late stages in acquisition of a 
conditioned discrimination. They are now shown to differ 
during correct vs. incorrect responses, at the same stage. 

We have also applied an analytic method, suggested by Remond, 
which times the sampling of each EEG channel by upward zero- 
crossings of a chosen channel. With this technique we have 
sought evidence for a pace-maker of varying period, producing 
rhythmic phenomena in separate regions of the hippocampal 
system. Since this method retains harmonic relations within 
each trace, it has allowed an extension and clarification of 
the "phase-comparator" action proposed for rhinencephalic 
structures by the above authors. (Supported by Grant B-1333, 
USPHS and Contract AF#9(638)-686, US Air Force) 


Physiology 


EFFECTS OF AMYGDALECTOMY ON SEXUAL BEHAVIOR AND REPRODUCTIVE 
CAPACITY IN THE MALE RAT. Neena B. Schwartz and Arthur 
Kling.* Inst. for Psychosomatic and Psychiatric Res. and 
Train. of Michael Reese Hospital, Chicago. 

Anygdalectomy in the cat results in hypersexuality and 
testicular tubular degeneration, with normal endocrine weights 
(AMA Arch. Gen. Psychiat. 3:391, 1960). Male rats were amyg- 
dalectomized at age 29-39 days and observed for 150 days. No 
increased mounting behavior occurred. Two groups were dis- 
tinguishable. The first was characterized by frequent spon- 
taneous ejaculations, occurring in the presence or absence of 
the female. These rats were fertile and had normal body 
weights and normal endocrine (including testicular) weights 
and histology. The second group was anorexic throughout the 
experiment, requiring force feeding. They did not produce 
ejaculations, impregnate females or demonstrate mating beha- 
vior. Terminal body weights were low, but absolute testicu- 
lar and adrenal weights were normal. Thyroid, seminal ves- 
icle and pituitary weights were reduced on an absolute, but 
not on a per body weight, basis. Testicular histology was 
again normal, The amygdala Is dispensible for general pitu- 
itary function in cat or rat, but it does play some role in 
reproduction for both species. (Supported by a research 
grant, B-1510, from N.1.N.D.B., P.H.S.) 





Physiology 


EFFECT OF AMYGDALECTOMY ON FEEDING IN INFANT AND ADULT ANI- 
MALS. Arthur Kling™ and Neena B. Schwartz.* I11. State 
Psychiatric Inst. and Inst. for Psychosomatic and Psychiatric 
Res. and Train. of Michael Reese Hospital, Chicago. 

Amygdala lesions in 40 28-day-old rats resulted in profound 
anorexia. in the absence of force feeding, only 7 animals 
survived beyond the first week, In 25 38-day-old rats sus- 
taining similar lesions, 14 developed persistent anorexia but 
survived on force feeding for at least 5 months. A third ser- 
ies of 9 17-day-old rats showed no anorexia pre- or post- 
weaning. In the adult cat sustaining bilateral amygdalectomy, 
anorexia persists for |-3 weeks, after which the ‘animals eat 
spontaneously. In contrast, 5 6-week-old kittens with simi- 
lar lesions showed no anorexia and ate spontaneously from the 
first post-operative day. No anorexia has been observed fol- 
lowing amygdalectomy in the monkey; indeed increased oral be~- 
havior occurs. In summary, amygdalectomy produces little or 
no defect in feeding in the infant as opposed to the older 
animal, while, with respect to species, the severity of anor- 
exia is greatest in the rat, less so in the cat, and is not 
present in the monkey. (Supported by a research grant, B- 
1510, from N.1.N.0.B8., P.H.S.) 


Physiology 


THE EFFECTS OF NOREPINEPHRINE ON EVOKED RESPONSES IN THE HYPO- 
THALAMIC VENTROMEDIAL NUCLEUS. Lucas S. Van Orden* and Jerome 
Sutin, Yale U. School of Medicine, New Haven, Conn. 
Electrical potential were evoked in the hypothalamic ventro- 
medial nucleus (HWM) of nembutal-anesthetized cats by stimula- 
tion of the septal nucleus and the basolateral amygdaloid nu- 
cleus. Recordings were from bipolar electrodes, in some cases 
adapted for injection of drug at the recording site. Inter- 
action studies indicated that septal and amygdaloid pathways 
converged on the same population of cells in HWM. Direct in- 
jection of 50ug crystalline or aqueous norepinephrine (NE) into 
HVM usually enhanced the septal-HVM response, as evidenced by 
amplitude increases of 25 to 30%, increased post-tetanic poten- 
tiation of 25 to 300%, and increased recruitment. At the same 
time the amygdala-HVM response was depressed as shown by a 30 
to 80% decrease in amplitude, 50% diminution of post-tetanic 
potentiation, decreased recruitment and elevated threshold. 
Ipsilateral intracarotid injection of 25 to 100 ug NE caused 
the same differential effects on HVM responses as locally- 
injected drug. The enhancement of excitability of the septal- 
HVM response was maximal 1 to 3 minutes following NE injection, 
and returned to control levels within 10 minutes. The depres- 
sion in the amygdala-HVM response was of much longer duration, 
frequently lasting more than 30 minutes. 
(Supported by a grant from the Dysautonomia Assoc. ) 





Physiology 


INHIBITORY EFFECTS OF AMYGDALA ON FOOD INTAKE AND 
CONDITIONING. Elzbieta Fonberg* and José M. R. Delgado. 
Lab. Physiol. Yale Univ. School of Medicine, New Haven, Conn, 
Six cats with intracerebral electrodes were trained with acoustic 
and visual signals to press a bar to obtain food or to turn a wheel 
to avoid an electroshock to their feet. Spontaneous ingestion of 
food was inhibited immediately after the basolateral nucleus of the 
amygdala was electrically stimulated, with intensities which did not 
modify playful behavior. Ten seconds of stimulation inhibited food 
intake for hours. Repeated intermittent stimulation could inhibit 
food intake for days. Repetition of the experiment increased the 
effect. Electrical stimulation of the amygdala inhibited previously 
established alimentary conditioned reactions. Amygdala stimulation 
could also be used to condition the cat to stop eating at the sound of 
a buzzer. Electrical stimulation of frontal lobes, corpus callosum 
and motor cortex did not modify food intake nor alimentary condition- 
ing. Electrical stimulation of the amygdala inhibited avoidance 
reaction in only one animal. The existence of an amygdala-caudate 
system independent of the hypothalamic food centers is postulated. 
(Supported in part by grants from the Office of Naval Reserve and 
the U. S. Public Health Service). 








Physiology 


CHRONIC STIMULATION OF AMYGDALOID COMPLEX. Robert H. Wurtz* 
and James Olds. Univ. of Mich., Ann Arbor 

Thirty-five chronic bipolar electrodes were directed at the 
area of the amygdaloid complex of the rat. Of these, 24 fell 
in amygdaloid complex and adjacent regions of pyriform cortex 
and hippocampus; 11 fell outside this region. Each electrode 
was tested for self-stimulation and for escape responding. In 
the former test, animals were stimulated with a $ second train 
of 60-cycle current (10-50 microamps rms) for each pedal re- 
sponse. In the latter, a modified Sidman avoidance test was 
used: a programmer delivered + second trains of stimulation at 
a rate of 1 per second and s could terminate the series 
for 4 seconds by a pedal response. Of the 24 electrodes, 7 
yielded self-stimulation only; 4 yielded escape only; and 8 
yielded both self-stimulation and escape responding. Only 5 e- 
lectrodes yielded no motivational effects, and 3 of these were 
in hippocampus. From this the most likely conclusion seems to 
be that two relatively discrete mechanisms may be in close an- 
atomicel relation to one another in the amygdaloid complex. 
Approach and avoidance from the same electrode are thought to 
result whenever the two systems are stimulated by the same 
electrode. A small positive correlation between approach and 
escape responding, however, might suggest that the two effects 
are somehow mediated by a single mechanism. Supported by grants 
from USPHS and Foundations Fund for Research in Psychiatry. 
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Physiology 


INHIBITION OF GRACILE AND CUNEATE NUCLEI. G. P. McCouch, 
W. W. Chambers and C. N. Liu*, Depts. of Anatomy and Physi- 
ology, Univ. of Pennsylvania Med. Sch., Philadelphia, Pa. 
Decerebrate cats were employed in some of which unilateral 
ablation of part or all of the cerebral cortex had been car- 
ried out weeks or months previously. Potentials were recorded 
in the gracile and cuneate nuclei by an electrode of about 
20a diameter at the tip. Test stimuli were single pulses of 
0.5 msec. to skin or 0.05 msec. to nerve or posterior columns 
of the cord. Conditioning was by trains of 1 to 70 pulses of 
0.5 msec. at frequencies of 60 to 360 per sec. to pyramid or 
reticular formation at a strength slightly above threshold 
for leg movement from the pyramid. Ablation experiments 
indicated that contralateral inhibition was most intense from 
the post cruciate gyrus, but obtainable in weaker degree from 
other parts of the frontal lobe and was mediated by descendig 
fibers and not antidromically by possible ascending ones. It 
was obtainable from areas in the reticular formation even 
after degeneration of the pyramidal tract. Weak ipsilateral 
inhibition from pyramid and from reticular formation occurred 
in a few experiments. 


Physiology 

PERSISTENCE OF THERMAL POLYPNEA IN RABBITS AFTER HABENUL- 
ECTOMY, Ronald Grant. Stanford Univ., Stanford, Cal. 

Results of stimulation and evoked potential studies led 
Cragg (Nature, 184: Suppl. 22, 1724) to propose that the 
habenulo-interpeduncular system forms part of an efferent 
pathway mediating responses to thermal stimulation of the 
heat ioss “centers” of the preoptic region. Results of 
ablation experiments in rabbits lend no support to this view. 
Progressive suction ablation of the habenular complexes and 
underlying brain stem tegmentum was carried out using ureth- 
ane anesthesia, a warm environment and pyrogen-free operative 
techniques to ensure normal activity of the heat loss 
mechanisms (thermal polypnea and ear vasodilatation). Ablat- 
ion of the habenulae caused no change in these activities 
and polypnea was not affected until the ventral part of the 
tegmentum was attacked. Responses to hot and cold environ- 
ments and to bacterial pyrogen were studied before and after 
bilateral destruction of the habenular nuclei by suction, 
No differences could be detected. In our view the increased 
breathing that results from stimulation of the habenulae and 
deeper structures in the same rostro-caudal plane resembles 
the hyperpnea induced by exercise rather than thermal poly- 
pnea, Breathing resembling polypnea has been seen Only with 
stimulation of ventral tegmental structures at this level, 
(Supported by Grant B-1628 from PHS). 
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Physiology 

BLOCKING AND FACILITATION OF MONOSYNAPTIC TRIGEMINAL 
SION IN RAT. R. P. Erickson,* R, L, King* and Carl Pf, 
Univ. of Washington, Seattle, and Brown Univ. Providence, R, 7 

Blocking and facilitation of somatosensory afferent ac 
at cephalic levels are known to result from stimulation of ad 
jacent skin areas. In 60 rats anesthetized with Nembutal ¢ 
chloralose, blocking and/or facilitation of 70 second 
trigeminal units followed conditioning stimulation (CS) of 
mote skin areas (paws or contralateral face). The testing stip 
ulus to the ipsilateral face evoked post-synaptic slow negati, 
waves and monosynaptic spikes with minimum latencies of 15 
msec. The conduction distance was about 45 mm. Facilitatip 
(increased number and decreased latency of spikes and incresgy 
size of slow wave) occurred at conditioning-testing (C=T) {ip 
tervals of about 7-15 msec. Blocking (effects opposite to thom 
for facilitation) occurred at C-T intervals of about 15={% 
msec, The CS could excite the second-order trigeminal unity 
after a latency of 7-85 msec, and could produce negative sig 
waves in the nucleus. Blocking and facilitation occurred whet) 
er or not the CS excited the cells. The interactions in mom 
cephalic portions of somesthetic afferent systems may be Partly 
due to similar interactions at the first relay. (Supported y 
grants B-395, B=-1858, and 2-B5082 from the National Institute 
of Neurological Diseases and Blindness.) ; 


255 NEUROPHYSIOLOGY —Brain—Midbrain 
Physiology 


PERCEPTUAL EFFECTS OF TECTAL LESIONS. Ronald E. Myers. 
Johns Hopkins School of Medicine, Baltimore, Maryland. 
Tectal lesions were made in cats following training on 
a series of difficult visual discrimination responses. On 
postoperative testing only minor, short lived decrements in 
performance occurred in animals with relatively complete bi- 
lateral lesions of the superior colliculus. Profound decre- 
ments in performance were seen, however, in animals in which 
the tectal lesions were made to encroach additionally upon 
the tegmentum lying ventrally to the colliculi. Such decre- 
ments occurred even with minor additional tegmental involve- 
ment. Upon prolonged retraining performances gradually 
improved but some final instability of performance always 
endured. Collicular lesions made to encroach additionally 
upon the central grey substance resulted in only mild per- 
formance decrement. Discrete bilateral lesions restricted 
to tegmentum have given highly variable results on attempts 
to correlate locus of lesion with degree of decrement. 


256 NEUROPHYSIOLOGY —Brain—Reticular formation 
Physiology 


EEG SYNCHRONIZATION FROM MEDULLARY STRUCTURES. 
J. Magnes*, G. Moruzzi and 0. Pompeiano*. Ist. 
Univ. Pisa, Italy. 

In the encéphale isolé cat low frequency electrical 
stimulation (1-16/sec) in the region of the nucleus of 
the solitary tract and of the nucleus reticularis ventralis 
results in synchronization of the EEG, frequently outlesting 
the period of stimulation. EEG activation occurs when 
pulse rate is higher than 30/sec. Low frequency stimulation 
of neighboring points is either ineffective or produces 
low voltage fast activity. (Supported by the office of 
Scientific Research of the Air Research and Development 
Command, U.S. Air Force, through its European Office, 
and by the Rockefeller Foundation). 
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Physiology 


SUBCORTICAL RELAY OF THE INTERHEMISPHERIC DELAYED RESPONSE. 
[. f. Rutledge and Thelma Kennedy.* Dept. of Physiol., Univ. 
of Michigan, Ann Arbor and Dept. of Physiol. and Biophysics, 
tniv. of Washington, Seattle 5. 

In chloralosed anesthetized cats contralateral cortical 
stimlation produces a transcallosal response and a later 
yave. The late wave, previously identified as the Interhemi- 
spheric Delayed Response (IDR), was shown to be mediated by a 
subcortical multisynaptic system and not by callosal or com- 
nissural pathways. Exploration with recording electrodes in 
the brain stem while stimulating cortex reveals potentials 
wtebly in the mesencephalic reticulum with latencies ap- 
proximately half that of simultaneously recorded IDRs. Stim- 
ylation of the mesencephalic locus gives rise to a cortical 
potential, similar to the IDR and again’of approximately half 
the latency. This cortical potential and the IDR can be re- 
ciprocally interacted by conditioning-testing procedures , 
suggesting the mesencephalic site is a relay in the interhemi- 
spheric path. Potentials evoked at the mesencephalic locus 
by photic stimulation are blocked by the IDR. Results sug- 
gest that some interhemispheric activity can be influenced at 
a mesencephalic reticular relay, and corticofugal activity in 
twn can modify events in the relay. (Aided by USPHS Senior 
Research Fellowship and NINDB Grants 2-B-5082 and B-395.) 


Physiology 

AVAILABILITY OF PERIPHERAL INPUT TO THE MIDBRAIN RETICULAR 
FORMATION. David F. Lindsley* and_W. Ross Adey. School of 
Med., Univ. of Calif., Los Angeles. 

The subthalamic region of the diencephalon exercises a tonic 
excitatory influence on the midbrain reticular formation. This 
influence may play a part in determining the responsiveness of 
nidbrain reticular neurons to ascending volleys entering by 
collaterals of primary sensory pathways. To test this hypo- 
thesis electrodes were placed serially along the length of the 
reticular formation in the subthalamus, midbrain tegmentum, 
and the pontine tegmentum. In most cases, comparison of the 
latencies of the sciatic-evoked potentials showed the shortest 
latency in the subthalamus, followed by the midbrain and the 
pontine tegmentum. Differentiation of the responses at the 
three levels was also attempted under ether and sodium pento- 
barbital using paired shocks to the sciatic nerve spaced at 
100 msec. The responses in the pontine tegmentum were more 
stable, and the blocking interaction was less than in the sub- 
thalamus and midbrain. In summary, the data support the view 
that peripheral influxes only indirectly influence the mid- 
brain reticular formation, with midbrain responsiveness to 
peripheral stimuli contingent on influences arising in short- 
om zones more rostrally. (Supported by Grant B-1883, 
USPHS 
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Physiology 


RESTING POTENTIALS OF GASTROCNEMIUS FIBERS IN UNANESTHETIZED, 
DECEREBRATE RATS, Geraldine M. Emerson*, Willem Klip* and 
John M, Bruhn, Departments of Biochemistry and Physiology, 
University of Alabama Medical Center, Birmingham 3, Alabama, 

Adult male Long-Evans rats were decerebrated at pontine 
to upper medullary level under ether anesthesia, and ether 
discontinued. One to two hours later, potential differences 
across the membranes of intact gastrocnemius fibers were 
determined using pairs of matched ultramicropipettes (tip 
diameters 0.5 micron or less). Pipettes were pulled from 
3mm. o. d, Kimax tubing; filled in the cold with bacterio- 
logically filtered 3 M KCl solution. Recording system was 
3M KCl] to Ag-AgCl electrodes to cathode follower to d. c, 
amplifier of CRO (DuMont 304A). The mean of 180 resting 
potentials was 60.7 mV with e standard error of 2.7 mV. 
Individual values ranged from 15 to 162 mV. 
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Physiology 


INITIATION OF SPIKE POTENTIALS IN THE INSECT COMPOUND EYE. 
Ken-ichi Naka* and Eisuke Eguchi*, Dept. of Biol., Kyushu 
Univ., Fukuoka, Japan. 

There are several different views on the origin of OAP in 
the Limulus ommatidium. In the present study the retinal 
action potential and spike potential were recorded from 
single celis in the receptor layer of the compound eye of the 
drone of honeybee (Apis mellifica). As the ommatidium of the 
honeybee contains a rhabdom (3 micra in diameter) and seven 
retinula cells (7 micra in diameter) the response was con- 
cluded to have been recorded from the interior of a single 
retinular cell. As in the case of the Limulus, the slow 
potential was negative outside and positive inside the cell 
while the spike was the same polarity in both recordings. 
The spike potential also decreased in amplitude when the 
intensity of illumination was strong. From these observa- 
tions it is concluded that photic stimulation causes 
depolarization of retinule cell membrane (retinal action 
potential) and this results in outward current in the region 
where the proximal process of the retinula cell (optic nerve 
fiber) penetrates through the basement membrane. The outward 
current can be assumed to be instrumental in initiation of 
spike potential in the insect photoreceptor cell. 





Physiology 


EFFECTS OF VARIATIONS IN CALCIUM ION ON TRANSMEMBRANE 
POTENTIALS IN PERFUSED FROG HEARTS. Frederick Ware, School 
of Aviation Medicine, Brooks Air Force Base, Texas. 

Resting potential (R.P.), overshoot (0.S.), maximum de- 
polarization rate, and the membrane potential at which mxi- 
mum upstroke velocity is attained have been measured in 
ventricular strip preparations from frog hearts. In agree- 
ment with previous observations, during calcium-free per- 
fusion there is a slight fall in R.P. and 0.8., and there 
is a concomitant rise in maximum depolarization rate. ‘There 
is, however, no consistent alteration in the membrane po- 
tential measured at the moment of greatest upstroke velocity, 
contrary to expectations based on theoretical considerations. 
Preliminary experiments indicate that during perfusion with 
Clark's solution containing three times normal calcium there 
is a rise in R. P. but a fall in maximm depolarization rate. 
In addition, the spike component of the repolarization se- 
quence becomes markedly augmented. 


Physiology 

MEMBRANE POTENTIALS IN SKELETAL MUSCLE OF NORMAL AND OF 
CONGENITALLY MYOTONIC GOATS, S, H, Bryant, Dept, of Phar- 
macology, U, Cincinnati Coll, of Med,, Cincinnati 19, Ohio, 

Intracellular electrodes were inserted in situ in fibers 
of leg muscles of anesthetized curarized goats, or in vitro 
in external intercostal fibers, When impaled without injury, 
the myotonic fiber has a normal resting potential and is not 
spontaneously active, Action potentials elicited by short 
single pulses are normal except that peaked negative after- 
potentials and oscillatory after-potentials are often seen in 
myotonic fibers, With longer shocks or steady depolariza- 
tions (by applied currents or by injury during impalement), 
myotonic fibers differ from normal in firing repetitively 
for up to many seconds at rates up to 100 per second, The 
rate of firing increases with depolarization up to a limiting 
depolarization, Records from the depolarized region show an 
abrupt fall of action potential, followed by slow depolari- 
zation to a firing level, (Supported by Grant SF-244 from 
the U, S, Public Health Service.) 








Physiology 


GUSTATORY NERVE RESPONSES AND PREFERENCE BEHAVIOR FOR AMINO 
ACIDS IN THE RAT. B, P, Halpern”, Ra As Bernard”, and bis Re 
Kare. Cornell University, Ithaca, N. Y. 

Neural activity in the intact chorda tympani of rats was 
studied using an electronic integrator. Aqueous solutions of 
amino acids were passed over the tongue by a flow system and 
tongue chamber. Increases in neural activity followed glycine, 
DL-alanine, DL-methionine, DL-tryptophan and DL-valine, but 
not .002M D-tyrosine. Responses to 2.0h glycine and 1.0i ala- 
nine reached a maximum 2-4 minutes after application. Follow- 
ing such stimulation, NaCl responses fell ca. 50%, but amino 
acid and glycerin responses did not. No recovery was noted 
following a subsequent period of no stimulation. Amino acid 
vs. H20 24-hr. preference tests indicated that valine at and 
above .OlM and methionine above .O4M were rejected, while 
glycine and alanine between .01 and .4\i were selected, with 
an ascending concentration sequence. Rats on a descending 
sequence did not demonstrate a clear preference for glycine, 
and rejected methionine between .04 and .OOlM. Both groups 
rejected glycine and alanine above .&i. It is concluded that 
prior exposure to amino acids may modify subsequent neural 
and/or behavioral responses. The essential amino acids tested 
yielded smaller neural responses than some of the nonessential 
acids, and were rejected behaviorally. 


Physiology 


CURRENT -VOLTAGE RELATIONS IN THE LOBSTER GIANT AXON MEMBRANE 
UNDER VOLTAGE CLAMP CONDITIONS. Fred J.Julian*},John W.Moore* 
and David E.Goldman. Biophysics Division, Naval Med. Res. 
Inst. and Laboratory of Biophysics, Natl. Insts. of Health, 
Bethesda, Maryland. 

The technique of electronic control of the potential dif- 
ference across a nerve membrane and the measurement of the 
associated ionic currents has been well established in the 
squid giant axon and frog node. The sucrose gap method, in- 
troduced by Staempfli, has provided a means for the successful 
application of a voltage clamp to the lobster giant axon. In 
general, the ionic membrane currents associated with step 
changes in the membrane potential are similar to those in the 
squid axon and frog node. When the isolated segment of axon 
under control is restricted to about 75 micra, the initial in- 
ward currents produced as the interior potential is pulsed in 
@ positive direction are smooth and continuous functions 
reaching a peak amplitude of 5 to 10 mA/cm@ (at about 120C). 
The steady-state outward currents achieve about the same 
amplitude and remain constant for at least 50 msc. The peak 
of the unclamped action potential and the sodium equilibrium 
potential measured by the voltage clamp vary with the external 
sodium concentration by an amount predicted from the Nernst 
relation. 

(4¢Special Fellow of The National Institute for Neurological 
Diseases and Blindness. ) 





Physiology 
RECEPTIVE FIELDS OF GANGLION CELLS IN THE GOLDFISH RETINA. 
M.L. Wolbarsht*, H. G. Wagner and E. F. MacNichol, Jr. 
Naval Med. Res. Inst., Bethesda, Md. and Johns Hopkins Univ., 
Baltimore, Md. 

The response pattern of the color coded ganglion cell of 
the goldfish is dependent upon the spatial location of the 
stimulus on the retina. The receptive areas for these gang- 
lion cells show the separation of the components of the "on- 
off" pattern into three zones: a central area in which stin- 
ulation appears to evoke only one of the components, sur- 
rounded by a transitional area where a stimulus evokes both 
components, and a peripheral zone in which only the other 
component is evoked. There are “on-center" and "off-center" 
types. The inference that any of these zones represent the 
exclusive presence of one or the other component is shown 
to be wrong. When the processes that evoke the components 
are separately stimulated, the receptive field area for each 
component is essentially identical in size and location on 
the retina. Neither has any holes nor unresponding areas. 
However, the sensitivity profiles of the separate components 
are quite different. The response pattern observed at any 
point on the retina is the sum of the contributions from 
both excitatory and inhibitory processes. (Supported in 
part. by a grant from the National Science Foundation.) 
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Physiology 

EFFECTS OF ETHYL FLUOROACETATE (EFA) ON re : 
SINGLE NERVE FIBERS, Gordon M. Schoepfle and David 
B. McDougal, Jr¥ Depts. of Physiology and Pharmacology, 
Washington Univ. School of Medicine, St. Louis, Mo, 

Prolonged exposure of single fibers to EFA results in © 
eventual depression of spike height. Single shock stimulatiq 
of an EFA depressed fiber during intense hyperpolarization 
may initiate a train of repetitive responses. Initially, the | 
spike height declines with each successive response of the 
train, but eventually it may increase and actually attain the 
maximal limiting value which can be obtained from the hy- 
perpolarized fiber prior to treatment with EFA. These are 
taken to indicate that EFA depresses the h factor of the Na 
conductance before it produces any appreciable changes in 
the electromotive forces associated with ionic concentratig, 
gradients across the membrane. Strong hyperpolarization 
is effective in overcoming this 'sodium inactivation' in the 
depressed fiber so that the membrane potential approachesa 
normal sodium equilibrium potential at peak of activity. 
(Supported by USPHS grant B- 173) 








Physiology 

MODES OF SYNAPTIC OPERATION AND THEIR RELEVANCE FOR PATTERN 
FORMATION IN AN INTEGRATIVE GANGLION. Felix Strumwasser.* 
Walter Reed Army Institute of Research, Washington, D.C. 

Intracellular recordings from somata and axons in the 
parieto-visceral ganglion of Aplysia californica, during top 
ographically predictable ‘spontaneous’ patterned discharges 
and those triggered by stimulation of afferents reveal the 
following synaptic operations: 1. Relatively brief EPSP and 
IPSP. 2. ‘Facilitating’ and 3. ‘Defacilitating' EPSP and 
IPSP. 4. Slow linearly-rising depolarizing shifts caused by 
single impulses in one afferent fiber, similar to ‘spontan- 
eous' pacemaker potentials. 5. Slow and large hyperpolarizi 
shifts due to accelerating repetitive activity in one set of 
presynaptic terminals. Various combinations of the above 
operations are found independently occurring in one neuron. 
Through the use of ‘abolition’ pulses and measurements of 
conductance change one can differentiate to some extent be- 
tween presynaptic and postsynaptic sites for these diverse 
operations. Prolongation of the presynaptic action potentia 
with repetition, sensitization and desensitization of the 
postsynaptic membrane are some of the suspected general 
mechanisms underlying these synaptic operations. Release of 
a preformed pattern from a single nerve cell, by afferent 
activity, is in part dependent on the combination of synaptic 
operations in the one cell and the extent and sign of feed- 
back initiated by that single cell. 


Physiology 


PACEMAKER ACTIVITY IN JELLYFISH GANGLIA. 
L. M. Passano and Coyla B. McCullough, Yale Univ., 
New Haven, Conn. 

Pacemaker activity patterns are being investigated elec: 
trophysiologically in the scyphozoan, Cassiopea. Pace- 
makers are endogenously active and excitable by afferent 
diffuse nervenet (DN) impulses. Giant fiber nervenet (GFN) 
potentials inhibit. Pacemaker sensitivities show slow, in- 
dividual temporal fluctuations and fatigue easily. 

A DN afferent may excite a non-fatigued pacemaker. 
Delays between DN afferents and GFN efferents, charac- 
teristic for each ganglion, fall into groups corresponding to 
pacemaker sites. Delays may alternate, suggesting pace~ 
maker alternation. 

A GFN impulse blocks pacemaker output and also causes 
refractoriness to DN stimulation. This is followed by an 
equal period of post-inhibitory excitation. A slow barrage 
of DN sensory impulses results in a succession of GFN 
pulses from the lead ganglion and a succession of muscle 
beats. This is the typical response of the intact animal to 
strong prodding. (Supported by NSF and Fulbright Awards.) 
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Physiology 


OLFACTORY NEURAL AND EPITHELIAL RESPONSES IN THE FROG. M. M. 
Mozell* Dept. Physiol., Florida State University, Tallahassee. 
—Tystained negative potentials may be recorded from the ol- 
factory mecosa by stimlating it with a puff of odor. Similar 
potentials may also be recorded from the basement side of the 
epithelium, from the same areas of long dead animals, and from 
cotton soaked in Ringers solution. In an attempt to clarify 
the role of these sustained potentials in the olfactory 
process simltaneous recordings from the nerve and the base- 
nent as well as the mucosa were correlated with each other 
under several conditions. With stimulation, both sides of the 
epithelium yield sustained potentials of equal latency but 
occasionally with different sign whereas the neural response 
has longer latency. Continved stimlation by some odors may 
yield a much longer sustained potential than neural response; 
however, subsequent stimlation may elicit neural responses 
equal in magnitude to those occurring before the contimous 
stimlation but the sustained potentials are greatly reduced. 
A similar effect is noted if a short blast of acetone is pre- 
sented between stimulations by other chemicals. Basement stim- 
vlation may yield neural and weak mucosal responses with long 
latency. cocaine obliterates all responses: sustained po- 
tentials reappear earlier. It appears there is no simple re- 
lation between the epithelial and neural responses. (Supported 
by USPH Training Grant #2B5258.) 


Physiology 


COMPARATIVE EFFECTS OF DRUGS ON GRADED RESPON- 
SES OF INSECT MUSCLE FIBERS. P. Belton* and H. 
Grundfest, P & S, Columbia University, New York. Pe 

Alkali-earth ions and procaine convert graded into all-or- 
none responsiveness in muscle fibers of various arthropods. 
Tetraethylammonium ion (TEA), which has a similar action 
in lobster and crayfish, was reported to lower membrane 
resistance and block responsiveness of insect muscle fibers, 
The latter actions have been confirmed for high concentra- 
tions of TEA on metathoracic, tibial extensor muscles of 
Romalea microptera. Low concentrations (< 1 mM/L) con- 
verted graded responses to prolonged spikes, often firing 
repetitively. Effective fiber resistance (R,) was doubled, 
indicating lowered K-conductance. Procaine (0.1% w/v) also 
increased R,, but produced spikes which were not prolonged. 
As in crustaceans, these spikes did not cause contractions of 
the fibers. Longitudinal muscle fibers of Tenebrio larvae, 
which normally also respond gradedly to intracellularly 
applied depolarizing stimuli also produced brief spikes when 
procaine-treated. These spikes were greatly prolonged on 
adding Batt or TEA. Treatment with TEA (but not with Batt) 
restored contractility of the fibers. 





Physiology 

STRUCTURE AND FUNCTION IN RAJID ELECTROPLAQUES. 
M.V.L. Bennett & H. Grundfest. P & S, Columbia U., N.Y. 

Two anatomically distinct types of electroplaques, cup and 
disc, occur in different species of Rajidae. Neural stimuli 
evoke depolarizing postsynaptic potentials (p.s.p.'s), but 
spikes are absent. The organ discharges result fromg long - 
lasting fused tetani of p.s.p.'s. Both faces of cup type elec- 
troplaques are smooth and of approximately the same con- 
ductance at rest. Depolarization by applied currents or by 
P-8.p.'s produces, with a few msec delay, a prolonged con- 
ductance increase, The increase is mainly in the uninnerva- 
ted face thereby increasing external currents due to p.s.p.'s. 
As the conductance increase develops, later p.s.p.'sina 
tetanus contribute more current than does the first. In disc 
type electroplaques depolarization causes little conductance 
change, but the uninnervated face is very digitate and has a 
higher resting conductance than does the innervated. At the 
onset of an organ discharge the disc type cells are more 
effective generators than are the cup type, but because of the 
Sreater conductance increase in the latter the effectiveness 
of the two types rapidly becomes equal. 
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Physiology 
DIFFERENCES IN MEMBRANE CONDUCTANCE COMPON- 
ENTS OF CRAYFISH AND LOBSTER MUSCLE FIBERS, 
L. Girardier*, J. P. Reuben* and H. Grundfest, College of 
Physicians & Surgeons, Columbia University, New York. 
For increasing external potassium concentrations the re- 
lation of Ey, vs log K, is sigmoid in crayfish muscle fibers. 
The linear middle portion has a slope > 100 mV/Hecade 
increase of K,. The upper plateau is overcome by 3 to 4 
fold increase in K,. It is prolonged by Bat+ and shortened 
by procaine. The lower part of the curve has a slope of 
about 40 mV/decade Ky, but can be increased by GABA and 
decreased by picrotoxin. The slope of the linear portion is 
diminished by Bat+, urethane and in low-Na or Na-free 
media. Conductance changes correlated with the Ey vs log 
K, relations. These results indicate high Na and Cl perme- 
abilities relative to K-permeability. Low K-permeability is 
also indicated by high resting resistance (ca. 5000. cm2). 
Unlike lobster muscle fibers, which have a low membrane 
resistance (ca. 200/..cm2) and a slope of 54 mV/decade Ko, 
crayfish fibers do not develop hyperpolarizing responses. 
Their absence also indicates low K permeability of the fiber 
membrane. 





Physiology 

ELECTRICALLY EXCITABLE RESPONSES IN RAIA ERINA- 
CEA ELECTROPLAQUES, B. Cohen*, M.V.L. Bennett, 
and H. Grundfest. P & S, Columbia University, New York. 

Depolarization produces a conductance increase that out- 
lasts the stimulus and tends to maintain the membrane depo- 
larized by afew mV. The magnitude, rate of onset, dura- 
tion and associated after-depolarization graded!y increase 
with stimulus strength. Since the threshold (about 10 mV) 
exceeds the potential produced, the response is not regene- 
rative. Replacement of Cl~ by Ac~ does not markedly affect 
the magnitude of the conductance change. However, the 
after-depolarization is increased by 20-30 mV and thus 
appears to involve Cl-. The depolarization exceeds the 
threshold for the conductance change, which then is regener- 
ative and can produce all-or-none potentials. These last 
several seconds, with still longer refractory periods. Ter- 
mination of the response appears to involve inactivation of 
the conductance increase without activation of an additional 
repolarizing conductance. Premature termination, with 
reduced refractoriness, can be caused by hyperpolarization. 
Hyperpolarizing responses may also be produced, involving 
decreased conductance. 
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Physiology 


THE ROLE OF BRAIN ELECTROLYTES IN LEARNING AND RETENTION, 
Eugene Sachs* Center for Brain Research and Department of 
Psychology, University of Rochester. 

This work investigated a) whether alterations in the ionic 
composition of cerebrospinal fluid can affect speed of acqui- 
sition of a conditioned avoidance response, and b) whether 
cation shifts maintained during training become optimal condi- 
tions for the learned response. In each of four subgroups of 
cats implanted with intraventricular cannulae, avoidance train 
ing commenced 10 minutes after intraventricular injections of 
(1) .025 mEq. of KCl in .5ml. of physiological saline,or (2) 
2025 mEq. of CaCl2 in saline, (3) .5 ml. of physiological 
saline or (4) under similar conditions but with no central in- 
jection. When performance reached criterion, cats were tested 
under various perturbations of central ionic state, including 
20375 mEq. KCl, .025 mEq. KCl, isotonic saline, .025 mEq.CaCl2 
-0375 mEq. CaCl2 or no injection. The behavioral effects of 
these manipulations, and salient aspects of concurrent auto- 
nomic and electrographic observations, will be discussed. 
Results to date indicate a) injections of .025 mEq. KCl reduce 
both variability and number of trials for acquisition, b)per- 
formance of cats trained under a particular ionic imbalance is 
better under those conditions than under any of the transfer 
conditions tested. 








Physiology 
CHANGES IN EVOKED POTENTIALS TO BACKGROUND PHOTIC STIMULI 
DURING CONDITIONING. S. T. Kitai* B. D. Cohen* and F. Morin. 
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Physiology 
BREAKDOWN OF NOREPINEPHRINE IN RAT TISSUE HOMOGENATES, J, ly 
Borowitz* and J, H. Merritt.* Pharmecoloz;/Biochenistry 












Wayne State U., Dept. Anat.; Dept. Psychol.; Lafayette Clinic. 
Detroit, Michigan. 

Cats with chronically implanted electrodes in cortical and 
subcortical sites were studied. Conditioning was accomplished 
through successive presentations of a 10 second auditory 
conditioning stimulus (C.S.) followed by food reinforcement. 
Cats were given ten trials per day. A one per second light 
flash or an eight per second flicker was present as a 
constant background during a day's run. Changes in amplitude 
and duration of potentials evoked by the light flashes were 
evaluated during various stages of reinforcement and 
extinction. The results indicated that, after a few 
conditioning trials, amplitude and duration of the evoked 
potentials were attenuated during the C.S. with simultaneous 
E.E.G. arousal. Later in conditioning, this attenuation 
became more specific in time, being restricted to initial and 
terminal phases of the C.S. At this stage, attenuation of 
cortical potentials tended to occur first, that of subcortical 
potentials later in the C.S. These effects gradually dis- 
appeared during extinction and finally the E.E.G., cortical 
and subcortical, consisted almost entirely of slow high 
ainplitude waves presumably related to the state of internal 
inhibition. (Supported by U.S.P.H.S. Grant 405 C). 


Pharmacology 


RETROGRADE AMNESIA PRODUCED BY SPREADING CORTICAL DEPRESSION. 
Chester Pearlman* and Murray E. Jarvik. Albert Einstein 
College of Medicine, New York. 

The induction of general anesthesia within 10 min. after a 
single learning trial has been shown to produce a deficit in 
retention (Fed. Proc. 18:432, 1959). This effect was inter- 
preted by the concept of a consolidation process invoiving 
the perseveration of neural activity after a learning trial. 
The present study investigated the locus of this activity by 
utilizing Leao's spreading depression as a possible method of 
pharmacological decortication (Bures and Buresova, J. Neuro- 
physiol., 23:225, 1960). Trephine holes were made in the 
skulls of rats. Then a conditioned avoidance response was 
established in one trial by placing the animals on a small 
elevated platform and shocking them for stepping down. 
Spreading cortical depressions was evoked by placing 25% KCl 
on the exposed dura. A day later, retention was measured by 
the latency of responding in the same situation. Rats given 
KCl within 10 min. after the shock showed significantly longer 
latencies than saline-treated controls (p<.01). These 
results suggest that a neocortical locus of action is involved 
in the disruption of consolidation by anesthetic agents. 
(Supported by NIH Grant M1225 C3.) 
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Physiology 


CHARACTERIZATION OF SUBCELLULAR PARTICLES FROM 
BRAIN, F,E. Samson, Jr., W. M, Balfour* and R.J. 
Jacobs*, Dept.of Physiol.,Univ.of Kansas, Lawrence. 

Subcellular particles prepared by homogenization 
of 2l-day old rat brain in 0.25M sucrose--7.3% poly- 
vinylpyrrolidone solution were Treated with increas- 
ing sequential density centrifugation. The DNA,RNA, 
protein and succinic dehydrogenase activity of par- 
ticles at 5 sucrose density levels were measured and 
particle counts made under phase-contrast. The data 
indicate that 1/3 of the apparent mitochondria iden- 
tified by phase-microscopy have no succinic dehydro- 
genase activity. These particles do not sediment as 
readily as typical mitochondria. Particles with 
about the same amount of succinic dehydrogenase per 
particle were spread through several density levels. 
RNA was highest in the difficultly sedimented par- 
ticles and in the easily sedimented particles ("nu- 
clear") with small amounts in between. Also, most 
of the DNA was in the easily sedimented particles. A 
high percentage of the particulate protein is in the 
difficultly sedimented particles. The particles with 
succinic dehydrogenase activity have an average pro- 
tein content of 0.10¢mg per particle, (Aided by 
Nat'l Insts. of Health, Grant Be1151), 











Branch, School of Aviation Med,, Brooks AFB, Tex. 

Reported anelyses of metabolic products of exogenous cate. 
chol amines reflect primarily liver metabolism and cive litth 
indication of the processes which occur in other organs, We 
were therefore prompted to study the disappearance of norepi. 
nerhrine from individual tissues (heart, brain, and liver) 4% 
vitro, The normal rate of disapneerence was commared to the 
rates determined in tissues from animals treated with Tpronig. 
zid (ITH) and pyrogallol, The date are difficult to interpret 
since they probably revresent a composite of synthesis, re- 
lease from binding sites, enzymatic inactivation, and atmos. 
pheric oxidation. The results obtained thus far, however, in. 
dicate that both ITH and pyrogallol affect the disappearance 
of norepinephrine from rat liver homogenates, but only ITH i. 
fluences brain and heart metabolism of norepinephrine. The 
significance of pyrogallol's effect on the disappearance of 
norepinephrine from brain and heart homogenates was not clear 
because of its antioxidant property. The data also indicate 
the relative rates of norepinephrine metabolism in these thre 
tissues as well as the rates of metabolism of exogenous and 
endogenous norepinephrine. 































Physiology 


THE METABOLISM OF 5-HYDROXYTRYPTOPHAN. Aaron Feldstein,* 
Keith K. Wong,* and Harry Freeman.* Worc. Found. Exptl. 
Biol. and Medfield State Hospital. 

D,L-5-HTP-3-C14 was administered orally to 3 normal sub- 
jects. The recovery of 5-HIAA, based on urinary counts, was 
58.1% (53.4-66.0%). In 6 chronic schizophrenic patients the 
recovery was 60.2% (53.6-62.5%). The urinary recovery of 
administered counts for the 9 subjects was 49.4% ‘26.8-60.6%), 
D, L-5-HTP-3-C>* was administered intravenously to 3 normal 
subjects. The recovery of 5-HIAA, based on urinary counts, 
was 22.9% (21.0-26.2%). In 5 chronic schizophrenic patients 
the recovery was 24.1% (22.3-26.1%). In 3 recently admitted 
depressed patients the recovery was 22.5% (20.8-25.1%). ‘the 
urinary recovery of administered counts for the 11 subjects 
was 93.7% (79.2-100%). D,L-5-HTP-1-C14 (carboxyl labeled) 
was administered orally to one normal subject; the recovery 
of urinary counts was 11%. Intravenous injection in another 
subject gave a urinary recovery of 56.8%. The results show 
no difference in decarboxylase and MAO activity between 
normal and psychotic subjects. (Supported by grants from 
the Ford Foundation and the National Association for Mental 
Health.) 




























Pharmacology 


ACID-BASE COMPARISONS BETWEEN 8= AND 25=DAY-OLD RATS. 
C. Dean Withrow, W.D. Wilcox”, and Dixon M. Woodbury. Dept. 
of Pharmacology, University of Utah, Salt Lake City. 

Tissue acid-base changes in animals during maturation have 
not been adequately described. In order to study these changes 
with age, complete acid-base comparisons were made between 
very immature (8-day-old) and young adult (25-day-old) rats. 
Micro-methods were used to obtain individual values for blood 
pH and for CO» content of plasm, brain, and skeletal muscle, 
The results showed that both brain and muscle total COp were 
higher and tissue extracellular spaces larger in the younger 
animals. Blood pH of the 8-day-old rat was lower due to a 
higher carbonic acid concentration. Although extracellular 
bicarbonate levels were equal in both age groups, cellular 
bicarbonate concentrations of both muscle and brain in the 
younger animals were approximately double those in the more 
mature rats. These experiments show conclusively that the 
fall in tissue total 00, during mturation is due to a marked 
decrease in cellular bicarbonate levels, and is not merely 
a result of a shrinking extracellular space. (Supported by 
Grants 2G-153 and B-381, N.I.H., and by National Neurological 
Research Foundation.) 
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Pathology 


METABOLIC PATTERN OF THE BRAIN: BY-PASSES. A. Geiger’, 
G. Gombos*, S. Otsuki*, W. Scrugga*, and G. Whitney’, 
Research Labs., Dept. Psychiatr., U. of Ill., Chicago.) , 

Brain p?rfusion experiments in vivo (cat), with U-C 
labeled glucose, lasting for up to 4 hours, revealed pre- 
viously that less than 1/3 of the carbon of the respira- 
tory COg of the brain is derived from glucose, the rest 
being contributed by the oxidation of other endogenous sub 
strates. Some drugs linearly increased the proportion of 
glucose C“ in the COp up to 80%. The s.a. of brain 
aspartic- and glutamic-acids paralleled that of the C02; 
sea. of lactic acid was about 50% of that of the glucose. 
Attempting to locate the biochemical sites of entrance of 
the non-labeled C into the glycolytic and tricarboxylic 
acid cycles, and its sources, the present communication 
considers the possibility of the by-pass from the tricar- 
boxylic cycle, via malic dehydrogenase and/or oxaloacetic 
decarboxylase to pyruvic acid. The brain was perfused 14 
with es) eres blood containing cold glucose and C-4-C 
or C-3-C44 labeled l-aspartate and the s.a.'s of CO. as- 
partate, lactate, and other compounds were compared after 
their isolation. Brain lactic acid wap, not labeled by 
c-4-Cl4 aspartate. Aspartic acid C-3-C’” labeled the lac- 
tate to a small extent. 


261 NEUROPHYSIOLOGY —Nerve Cells 
Physiology 


A DIODE*LIKE PROPLiiTY OF THE NERVE CELL MEMBRANE 
Julia T. Apter® and Kenneth Jarvis* University of Illinois, 
Chicago, Illinois. 

Micropipettes in nerve cells from frog spinal ganglia 
served to measure membrane potential and to pass a current 
through the membrane, Properly impaled cells had a resting 
potential about 78 mV; hyperpolarized exponentially during 
passage of a current from inside to outside the cell; and 
showed an action potential with overshoot when sufficiently 
depolarized, The exponential rise in potential leveled off 
after 30 msec of hyperpolarization to permit measurement of 
membrane resistance (9 to 11 megohms), When an identical 
current was passed from outside to inside the cell, the re- 
sulting depolarization was slight and leveled off in 5 msec, 
showing a resistance of only 3 megohms. Capacitance also 
differed in the two directions, This diode-like property 
was characteristic only of intact membranes with a normal 
action potential. It altered when Ca** was withdrawn from 
or more than 15 mM K* was added to the external Ringer's 


solution ordinarily containing 1.3 mM C4* , 2 mM Kt, 


112 mM Na*, and 117.6 mM Cl"; tris-buffered at 6.3. (Supported 
by grants from USPHS and Ill. DPW.) 





Physiology 
ane INHIBITION AND EXCITATION OF SINGLE NEURONS OF THE OLFAC- 
BULB. R. von Baumgarten,* J. D. Green and M. Mancia.* 
School of Med., Univ. - California, Los Angeles. 

Activity of single cells in the olfactory bulb was 
Studied with metal micro-electrodes in both curarized and 
cerveau isolée rabbits. Spontaneous activity of various cells 
was modulated by different odors, but no odor specificity was 
clearly seen. Several firing patterns were induced, Spon- 
taneous activity was invariably decreased by sufficient elec- 
trical stimulation of the opposite olfactory bulb or anterior 
comissure. Section of the latter abolished the inhibitory 
action from the contralateral bulb in the same cells. Inhibi- 
tion was often observed when we stimulated the midbrain teg- 
mentun infero-lateral to the central gray (reticular formation). 
Tactile stimuli also inhibited a few neurons. Intralaminar 
thalamic stimulation (6/sec. and 100/sec.) was without effect. 
Stimulation of the lateral olfactory tract fired olfactory 
neurons antidromically (histologically verified mitral cells) 
and other cells orthodromically. Although the antidromical ly 
activated cells followed stimuli from 1/sec. to over 100/sec., 
prolonged stimulation at the latter frequency was followed by 
‘failure of antidromic invasion at low frequencies. 
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Physiology 


HIGH-ENERGY PHOSPHATES IN DEVELOPING BRAIN, R,N. 
Lolley*, W. M, Balfour* and F, E, Samson, Jr. 
Deptoot Physiology, Univ. of Kansas, Lawrence. 

The high-energy phosphates of rat brain during 
neonatal maturation we:e determined, Rats leday, 5- 
day,10-day,2l-day old were rapidly frozen in liquid 
nitrogen, the brains removed, extracted with per- 
chloric acid, and the extract analyzed with ion ex- 
change resin procedures. ATP(2 pm/g) was the same 
for all ages; ADP was 0.14 pm/¢ in l-d and 0.4 ym/g 
in 2led; AMP was 0.1 pm/g in 1-d,0.2 pm/g in 21-4. 
Total creatine went from 6 pm/g (1-4) to 9 pm/g 
(2l-d), Phosphorylereatine was higher in l-d (3.0p- 
m/g) than in 2l-d (2.2 wm/g). The freezing rate is 
faster in younger rats and may influence the re- 
sults. UTP was present in all ages (0.3 Une). UDP 
and UMP were very low in all. UDP-acetyl glucosamine 
and UDP-glucose were higher in l-d (0,35 wm/g) than 
21ed (0.19 png) CTP,CDP,ITP,IDP and IMP were ver 
low iter pm/g). CMP was present at all ages (0.1 
Um/g). GTP was present in all at about 1 ywm/g; GDP, 
GMP were in low concentration, The findings indi- 
cate that the high-energy phosphate pool increases 
slightly during maturation. (Aided by Grant B-1151 
from Natl.Insts.of Health and PHS Fellowship,R.N.L. ) 








Physiology 


"SOLUBILIZATION" OF CHOLINESTERASE FROM RABBIT 
CAUDATE NUCLEI BY SURFACE ACTIVE AGENTS. 
M. H. Aprison and R. L. Jackson*, Institute of Psychiatric 
Research and Biochemistry Dept., Indiana Univ., Indianapolis. 
Brain cholinesterase (ChE) has only been partially purified. 
Classical purification procedures yield inactive preparations. 
Nathan and Aprison (Fed. Proc. 14, 106, 1955) found that ChE 
from caudate nuclei were distributed in various particulate 
fractions being highest in the microsomes and mitochondria. 
Enzymes in microsomes and mitochondrial membranes are 
usually bound to lipids. In purification, lipid separation 
without denaturation of the protein is required. Therefore, 
30 new commercial surface active agents including anionic, 
cationic and nonionic types were tested (at 0. 001%, 0. 01%, 
0.1% and 1.0%). The best "solubilization" (highest enzyme 
activity) effects were obtained with the nonionics: Tween-80 
(0.01%), Renex-690 (0.001%) and Atlas G-2162 (0. 1%) in- 
creased the enzymatic activity to 146%, 149%, and 140% of 
normal respectively. Anionic and Cationic detergents were 
inhibitory except for Triton X-200 and X-301 which resulted 
in enhanced enzyme activity (133% and 119%) at 0. 005%. 





Physiology 


REGIONAL CONCENTRATION OF ATP IN CAT CEREBRAL CORTEX. J. H. 
Mendelson*, R.G.Grenell, F. Ervin*, and R. Llinas*. Mass.Gen- 
eral Hospital, Boston, Mass. and Univ. of Maryland School of 
Medicine, Baltimore, Maryland. 

ATP levels were determined in 10 regional cortical areas of 
intact unanaesthetized cats and in cats deafferented by a cer- 
veau isole preparation. Small samples of cortical tissue 
(approx. 25 Mg) were extirpated by a punch biopsy technique 
and rapidly transferred (average time-12 sec) to ice cold 5% 
perchloric acid. Following extraction ATP was analyzed by a 
method based upon linear luminescence response of firefly ex- 
tract to added ATP when all other factors are present in ex- 
cess (Mg**, luciferin, and 05). The mean value of ATP in all 
cortical areas of intact animals was 239 S.E.~ 7 ug/g wet wt. 
of tissue. There was no significant difference between any of 
the cortical areas measured. No significant difference was ob- 
served between homologous areas in different hemispheres. The 
mean value of ATP in all cortical areas of cerveau isole ani- 
mals was 24k S.E, * 2k ug/g wet wt. of tissue. No significant 
differences were found between different cortical areas. An 
analysis of variants was prepared on the relationship of time 
of extraction, weight of tissue sample, cortical area and se- 
quence of extirpation of tissue to ATP values. (This study was 
aided in part by a grant from the Office of Naval Research 
Nonr 1866 (41).) 












Physiology 


THE EFFECT OF STRESSOR AGENTS ON POTASSIUM RELEASE OF RAT 
BRAIX. Fred B. araae Joen N. Anastasi* and William M 
Hel fe Sciences Laboratory, Republic Aviation Corpe, 
a gdale, New York. 

Previous work of our own and other groups indicates that 
stress tends to increase K release from various tissues and 
organs. However, there is a lack of information on the 
organ that should be of greatest interest, and this is the 
brain. Therefore, a study was undertaken to determine how 
far stress-inducing and stress-inhibiting agents may in- 
fluence potassium release of brain cells. Results will be 
presented indicating the effect of a variety of physical 
and pharmacological agents on K release of hemisectioned 
rat brains under standardized conditions. 


Biochemistry 


ELECTROPHORETICAL STUDIES IN CYST FLUIDS FROM BRAIN TUMORS, 
M, Spiegel-Adolf, HT. Wvcis* and L. Straumanis#. Temple 
University Medical Center, Philadelphia, Penna, 

In continuation of former enzyme studies (Fed. Proc. 13: 
301, 1956), paper electrophoresis applied to proteins and 
lipoproteins was used in cyst fluids of 16 brain tumors. Nor- 
mal blood sera from 10 individuals were available as controls. 
The percentage of the protein fractions of the cyst fluids 
was computed,so that the results are comparable. Our former 
findings (Fed. Proc. 17:31, 1958) regarding the position of 
lipoprotein maxima could be tested by using oil Red-C strips 
restained with bromphenol blue. A correlation was attempted 
between the pathohistology of the tumors, the degree of their 
malignancy and the concentration of the protein fractions. 
Qnly in 2 cases a marked increase of the -globulin frac- 
tion could be demonstrated confirming findings of Cumings 
(J. Neurol. Neurosurg. & Psychiat. 10:152, 1953). Although 
our findings are somewhat disappointing from a diagnostic 
point of view,they may have a certain importance for the 
understanding of the mechanism of cyst formation, The phero- 
grams of the cyst fluids permit one to exclude marked ad- 
mixtures of brain tissues and of CSF, 





Biochemistry 


LOCALIZATION OF BETA-GLYCOSIDASES IN NERVE CELL BODIES. 
Hilde E. Hirsch* and Eli Robins, Washington Univ. School of 
Med., St. Louis, Mo. 

The finding that peripheral and central nerves undergoing 
Wallerian degeneration showed very marked changes in beta- 
glycosidases suggested it would be of interest ‘to study these 
enzymes in nervous tissue generally. Inhibition with corre- 
sponding aldonolactones showed that beta-galactosidase (beta- 
GAL), beta-glucuronidase (beta-GLR), and beta-glucosidase 
(beta-GLU) were 3 separate and specific enzymes. Quantitative 
studies, by means of a sensitive fluorometric method permit- 
ting measurement on individual cell bodies, of their locali- 
zation showed that beta-GAL and beta-GLR were present in ex- 
ceedingly high concentration in nerve cell bodies. Beta-GAL 
activity, for example, is 400 mmoles per kg. dry weight per 
hour in dorsal ganglion cell bodies and 150 in anterior horn 
cell bodies, whereas in the immediately adjacent anterior 
horn neuropil is only 20. Beta-GLR distribution showed a sim- 
ilar relative distribution. Such localization suggests that 
nerve cell bodies may be sites of an extremely active metab- 
olism involving mucopolysaccharides (ground substance) and 
gangliosides. In this respect the cell bodies differ markedly 
from their own immediately adjacent processes (the neuropil) 
whose level of activity is not appreciably different from 
many other areas in the nervous system. 
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Biochemistry 

FLUOROMETRIC ASSAY OF SIALIC ACID. *Helen H. Hess, 
McLean Hospital, Belmont, Mass. The 

A new ultramicro assay for sialic acid has been | 
developed, based upon condensation of &-methylene © 
aldehydes with 3,5-diaminobenzoic acid (DABA) to 
form highly fluorescent quinaldines, a principle 
applied previously to ultramicro assay of DNA 
(Kissane and Robins, J. Biol. Chem. 233, 184, 1958) 
and succinic semialdehyde (Salvador and Albers, J, 
Biol. Chem. 234, 922, 1959). N-acetylneuraminic 
acid (NANA) reacts because in hot mineral acids it 
is decarboxylated and deacetylated with probable ~ 
formation of 2-deoxy-4-amino octose. A solution 
containing 0.03 to 0.18 pg. NANA is dried in a 
microtube. 10 pl. of 1M DABA in 4 N HCl is added, 
The sealed tube is heated 90 min. at 100°. The 
sample is transferred to 1 ml. of 0.6 N perchlorig 
acid. Quinaldines of NANA and deoxyribose have 
similar fluorescent properties. The method is suit. 
able for assay of sialic acid in extracts free of 
or low in DNA and has been used to determine gangli- 
osides in the methanol-water phase obtained after 
extraction and partition of brain lipides according 
to Folch, Lees, and Sloane Stanley, J. Biol. Chem, 
226, 497, 1957. 


Biochemistry 
CARBON DIOXIDE FIXATION IN BRAIN IN VIVO. S,. Berl,* D. D, 
Clarke,* G, Takagaki,* D, P. Purpura and H, Waelsch, N. Y, 
State Psychiatric Institute and Columbia University, New York, 
N.Y, 

Our investigation of the in vivo metabolism of ammonia in 
brain and liver showed that the syntheses of glutamic acid an 
glutamine are processes which occur in cellular compartments, 
Experiments with C14 glutamic acid given simultaneously with 
N15H, suggested that the increase of cerebral glutamine re- 
sulting from the ammonia administration cannot have come fron 
other organs via the blood and that the precursor, glutamic 
acid, mst have been synthesized in the brain, If glutamine 
is made via known pathways, the synthesis of a=ketoglutarate 
for this purpose requires the occurrence of CO fixation toa 
significant extent in the CNS, By the infusion of NaHC740, 
and analysis of the specific activities of glutamic acid, a= 
ketoglutarate, aspartate, etc., C02 fixation in the CNS could 
be demonstrated, Upon decarboxylation of the labeled glutamic 
acid, unlabeled y-aminobutyric acid was obtained, a finding 
consistent with the operation of the citric acid cycle, An 
observed ratio of approximately 1 to 3 for the specific ac- 
tivities of the dicarboxylic amino acids in brain and liver 
attests to the significant participation of C02 fixation in 
brain metabolism, 





Biochemistry 


THE ACTION OF ELECTROSHOCK UPON THE NUCLEOTIDES OF RAT BRAIN. 
Frederick N. Minard* and Raymond V. Davis*. Department of 
Biochemistry, Abbott Laboratories, North Chicago, Ill. 

Studies on the importance of encephalic nucleotides in 
electroshock seizures have led to several interesting obser- 
vetions. When the brains of rats frozen in liquid nitrogen 
were extracted at -78°C with a solution of trichloracetic 
acid in acetone, and the nucleotides were separated by colum 
chromatography on Dowex 1 (formate), values of ATP/AMP 
averaging 39 were obtained in the whole brains of control 
animals. Moreover, the sum of AMP, ADP and ATP was constant 
in the 45 control and experimental brains, having a mean of 
2.25 + 0.025 SEM uM/g. fresh weight. When tonic extensor 
seizures were induced in rats by a 100 mA - 1 second stimulus, 
ATP and phosphocreatine (PC) reached minimum levels 10 
seconds later, but they were again at normal levels 60 
seconds after the shock. AMP varied inversely with ATP, and 
ADP remained relatively unchanged. Two minimums in the levels 
of ATP and PC were observed when the intensity of the electr- 
stimulus was varied; the depression of ATP and PC levels wis 
found to be as severe during clonic seizures at 10-12 mA as in 
tonic-extensor seizures at 100 mA. Since anoxia (induced by 
5% COo-95% No) affected the acid-soluble nucleotides almost 
rapidly as electroshock itself, its role in the above changes 
must be considered. 
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Biochemistry 


ESTDATION OF SEROTONIN FROM ACETONE SOIUTION, J.C.Towne*. E. 
fenster*, and T. Schaefer*, VA Research Hosp., Biochem. Dept. , 
tern U, Med.Sch., and Psychol. Dept. ,lL of Chicago, Chgo. 
A variety of biological assays for the estimation of tissue 
content of S-hydroxytryptamine (=Serotonin=S) depends upon its 
atraction from tissues by means of aqueous acetone(80 or 95%). 
In microgram range of S, variable and poor recoveries of S are 
when using C.P. acetone (A) as the extracting agent. 
te recoveries of S (<60%) are not enhanced in the presence of 
biological tissue. Simple redistillation of A or addition of 
various acidic or reducing components to A fails to improve re- 
coveries of S. However when A is redistilled from KMnO, and 
formic acid is added to provide an acidic-reducing solvent, re- 
coveries of S are uniform and high (95%). These results were 
obtained by the fluorimetric estimation of S in 3N HCl. With 
inproved A, a method was devised to estimate S in rat brain 
tissue. Recoveries are excellent, and endogenous levels of S 
in rat brain tissue compare favorably with values obtained by 
other methods. Alteration of endogenous rat brain S by reser- 
pine or monoamine oxidase inhibitor are demonstrable with this 
nethod. The extraction of S from rat brain tissue with improved 
A permits direct comparison of biological and chemical methods 
of estimation, which heretofore was not easily available. 
(Supported by NIH Grant No. B-2)53.) 


Biochemistry 


ENCEPHALOMYELITIC ACTIVITY oF ISOLATED BY ULTRA- 
CENTRIFUGATION. Robert H. Laatsch , Spencer Gordon, 

Marian W. Kies and Ellsworth C. Alvord, Jr. Natl. Insts. of 
Health, Bethesda, Md. and Univ. of Wash. Med. Sch., 

Seattle, Wash. 

Although myelin has long been implicated as the source of 
the antigen in brain responsible for production of EAE, 
conflicting reports on the location of the activity in brain 
particulate fractions prompted a reinvestigation of this 
question. A myelin fraction prepared by ultracentrifugation 
through @ sucrose gradient was found by bioassay of 
encephalitogenic activity to have a higher specific activity 
than whole guinea pig brain. The soluble supernatant 
fraction showed no activity. Only traces of encephalitogenic 
activity were observed in the remaining material. The myelin 
fraction was identified and its relative purity assessed by 
electron microscopy in conjunction with enzymatic assay to 
detect mitochondrial contamination. A basic protein similar 
in electrophoretic behavior to the active protein isolated 
from whole brain has been isolated from the myelin preparation 
and found to be encephalitogenic in amounts of 1-5 meg. 








Biochemistry 


PATHWAYS OF GLUTAMIC ACID METABOLISM IN RAT 
CEREBRAL CORTEX. O. Z. Sellinger** (Tulane University, 
~gh ee ae E. B. Chait, F.R'S-*, F.Pocehiari* and 

. Catanzaro*, Istituto Superiore, di Sanita, Rome, Italy. 

The fate of glutamic acid-U-C!4, incubated aerobically 
with rat brain cortical slices was examined by using quanti- 
tative radiopaper chromatography (Beloff-Chain et al. Proc. 
yo Soc. B, 143, 481, 1955) for the determination of the 

Oactive metabolites. Time-course studies showed that, 
at pH 7.4 (glutamate: 17.5 and 30 mM; K": 27 mM) aspartic 
acid was the first detectable radioactive metabolite followed 
by y-amino butyric acid (GABA) and glutamine. When glu- 
cose (0.1 %) was added (60 min. incubation, glutamate: 4.8 
mM) the radioactivity of glutamine and GABA increased 3 
and 1,5-fold respectively, that of aspartate decreased 4, 5- 
fold while the radioactivity in C’“O, remained essentially 
unchanged. The specific activities ot aspartate and gluta- 
mate were unaffected by the presence of glucose, whereas 
that of glutamine was found to approximately double. Pyru- 
vate simulated the action of glucose; citrate, succinate, 
malate and oxaloacetate were without significant effects, 
While the addition of a-ketgglutarate led to the formation of 


considerable amounts of C° “-a-ketoglutarate. 
*¥ Work carried out during tenure of N.I.H. Post Doctoral 





Fellowship, 1959-1960. 








Biochemistry 


DETERMINATION OF HEXOKINASE ACTIVITY IN BRAIN. E.L. Bennett, 
J.B.Drori*, D.Krech”, M.R. Rosenzweig”, M. Diamond”, and 
§. Abraham". University of California, Berkeley and Kaiser 
Foundation Hospital, Oakland, California 

Previous studies have shown correlation of cholinesterase 
(ChE) activity with learning ability of rats and that varia- 
tion in environment can alter the pattern of ChE activity in 
brain. In pursuit of relations between brain metabolism and 
adaptive behavior, hexokinase (Hk) was studied,since Hk acti- 
vity may constitute a limiting or controlling factor in brain 
metabolism. Two methods to determine Hk activity were inves- 
tigated. One was based upon the disappearance of 2-deoxyglu- 
cose and estimation of residual substrate by diphenylamine. 
A more rapid and precise method, applicable to mg. quantities 
of tissue, measured the rate of formation of TPNH after addi- 
tion of excess glucose-6-phosphate dehydrogenase obtained 
from lactating rat mammary gland or from yeast. Hk activity 
was determined in 15 brain areas and in general was higher in 
cortical areas than in brain stem. Under optimum conditions 
the rate of glucose-6-phosphate formation was 1200 pmoles/g. 
whole brain/hr. Thus Hk activity in brain may be at least 3 
times reported values. Investigations of relations between 
Hk and ChE activity and behavior of rats are in progress. 





Biochemistry 


GLYCOPROTEINS OF THE NERVE TISSUE. E. Roboz-Einstein, N. 
Eldredge*, and M. Herman*. University of California School of 
Medicine, San Francisco, and Stanford University, Stanford. 

Glycoproteins have been prepared from bovine spinal cord by 
removal of lipides with (a) hot chloroform methanol, (b) cold 
chloroform methanol, and (c) cold acetone petrolether. Extrac- 
tion of the glycoproteins was carried out with (1) 0.25 NadH, 
(2) 0.25 M borate pH 10.0, (3) 0.5 N NaOH in 80% ethanol, and 
(4) 54 TCA. The highest carbohydrate containing preparation 
was obtained by combination of procedures (a) and (1) followed 
by treatment with 10% TCA and acidic ethanol. Adsorption on 
DEAE cellulose or Dowex 50 ion exchange resin did not give 
separation into higher and lower carbohydrate containing 
proteins. The glycoproteins represent two different types: 
No. I pos. with toluidine blue, N 5.62%, uronic acid 13.9%, 
hexosamine 11.4%, neutral monosaccharides .5%, and neuraminic 
acid 1.5%; No. II neg. with toluidine blue, N 11.59%, uronic 
acid 0, hexosamine 2.9%, neutral monosaccharides 12.7%, neura- 
minic acid 2.84%. For isolation of acidic polysaccharide a 
quaternary ammonium salt, Cetavlon, was used. Hydrolysis with 
trypsin reduced the N to 1.2%, with an increase of uronic acid 
to 29.9%. UV absorbing band on the electropherogram disappear- 
ed after tryptic digestion. (Supported by the National 
Multiple Sclerosis Society and Koshland Funds.) 


Biochemistry 
THE CHEMICAL MATURATION OF RAT BRAIN, J.¥. Greaney. * 
McLean Hospital Research Lab.,Waverley 79,Mass. 

Whole brains of rats at various s from 1 to 300 days 
were extracted with 2:1 CHC1,:Me0H v/v, and the extract was 
analyzed for total lipids, proteolipids, cerebrosides, and 
strandin, The tissue residues were analyzed for proteins, nu- 
cleic acids, and total solids, The results were similar to 
those obtained in this laboratory with the mouse, Since the 
bulk of accumlation ofthe various constituents had occurred by 
the 100th day, this point was taken as 100% chemical deposition 
for convenience inexpressing results, At this time, proteins, 
muocleic acids, total solids, and strandin reached a plateau 
while proteolipids and cerebrosides continued to increase slowly 
until the 225th day. Strandin, present m the lst day to the ex 
tent of 50% ofits final value, was 98% accumilatedon the 30th 
day, Proteolipids and cerebrosides, accumlating mch more 
slowly than strandin, were not detectable wntil the 9th day, 
when they were 28% and 10% respectively, of their 100th day value, 
They were 49%and 78% accumlated m the 50th day, and 116% and 
1194 omthe 225th day. There wasa constant qualitative and quan- 
titative pattern of all amino acids im the proteolipids at diff- 
erent ages when measured by paper chromatography, The acids pre- 
sent in greatest abundance were leucine-isoleucine (11-12% of 
total dA-amino-N). Methionine, histidine ani tyrosine were pre- 
sent in approximately equal amounts (3-3,5%), and proline 
(2-2.3%) was in least abundance, 





Pharmacology 


EFFECT OF Q=METHYLAMINO ACIDS ON CATECHOLAMINES AND SEROTONIN. 
S.M. Hess, R.H. Connamacher* and S. Udenfriend. Natl. Heart 
Inst., Bethesda, Md. 

Q-Methyl-3-hydroxyphenylalanine (OMM?) and @-methyl DOPA 
are decarboxylase inhibitors. This activity can contribute to 
observed depletion of serotonin (5HT) and norepinephrine (NE) 
in brains and hearts of animals. It cannot explain the 
temporal difference between the relatively prompt (18 hrs) 
return to normal levels of 5SHT and the depressed levels of NE 
maintained for days longer. 
synthesis of NE was functioning at this time. DOPAmine, pre- 
cursor of NE, reduced to 30% of normal in guinea pig's brain 
by 400 mg/kg OMMT, had returned to normal levels in 24 hrs, 
thus following closely the pattern previously reported for 5HT 
and marking the end of decarboxylation in vivo. The final 
step in biosynthesis of NE was shown to be functioning by 
several methods; a monoamine oxidase inhibitor administered 
6 hrs after OMMT produced marked increases in levels of NE and 
DOPAmine; I.V. infusion of NE and DOPAmine in guinea pigs 
treated with OMMT produced increases in levels of NE that were 
of short duration; finally OMMT did not inhibit the enzyme 
DOPAmine B-oxidase in vitro. It appears that a-methylamino 
acids have an action, in addition to decarboxylase inhibition, 
which differentially effects NE and 5HT binding sites. 





Pharmacology 


DISTRIBUTION OF HOMOCARNOSINE IN ANIMAL TISSUES. D.Abraham*, 
J.Pisano*, and S.Udenfriend. Natl. Heart Inst., Bethesda, Md. 
With the discovery of homocarnosine (y-aminobutyrylhisti- 

dine) in beef brain, it became of interest to study the 
distribution of this dipeptide in various species. Using an 
assay involving ion-exchange chromotography of tissue extracts 
and a modified color reaction employing a stabilized diazonium 
salt, it was possible to measure homocarnosine in a variety 
of tissue extracts. Homocarnosine was found only in brain. 
None could be detected in skeletal muscle, heart, liver or 
kidney. The highest levels of homocarnosine were found in 
human, monkey, beef and rabbit brain; these contained 10- 

30 ym/100 g. fresh weight. Cat, guinea pig and rat brain 
contained 1-4 ym and dog, pig and duck brain <0.5 ym/100 g. 
fresh weight. No homocarnosine was found in the sciatic 
nerve of the rabbit, but whole spinal cord contained 18 ym/100 
g. fresh weight. Carnosine was also detected in the brains 
of all species examined. However, in all cases, it was pre- 
sent at much lower levels ranging from virtually none in 
human brain to 3 um in beef brain. In two human cerebrums 

the white matter contained 2 and 4 times the concentration 

of the grey matter. In three normal human urines 0-2.5 um/ 
day was found. 


Pharmacology 


A NEW MICROMETHOD FOR MONOAMINE OXIDASE(S). 
R. E. McCaman’, Institute of Psychiatric Research, 
Indiana University Medical Center, Indianapolis, Indiana. 

In order to measure monoamine oxidase (MAO) activity in 
microgram quantities of tissues, a new method was 
developed using C14-labeled substrates. After incubation 
with tyramine-1-C14, 3-hydroxytyramine-1-C!4 or 
serotonin-1-C14 the reaction product, the corresponding 
c14-\abeled aldehyde, was extracted into an organic solvent 
and its radioactivity measured in a Packard scintillation 
counter. The following ratios of MAO activity were found 
when tyramine, 3-hydroxytyramine or serotonin, 
respectively, were used as substrates: in intestinal mucosa, 
100:52:74; in liver, 75:28:2; in kidney, 50:21:13; in lung, 
12:8:4; in brain, 11:4:5; and in skeletal muscle , 1:0:0.7. In 
addition, the pH optimum, substrate affinity and temperature 
coefficient of MAO in brain tissue is significantly different 
with the three substrates. These results suggest the 
possibility that tissues other than liver may contain more 
than one monoamine oxidase. 


This study has indicated that bio- 





244-268 NEUROPHYSIOL 


Pharmacology 
ACETYLCHOLINESTERASE REGENERATION IN CHOLINERGIC NEURONS 
DIISOPROPYLPHOSPHORYLATION, Edward Koenig* and G, B, Koelle, 
Schools of Med,, Univ, of Pa,, Phila,, Pa, 

Three complementary experiments were designed to test the 
hypothesis of proximo-distal convection of AChE in cholinergie 
neurons after irreversible inactivation by DFP, In exper iment | 
cats were sacrificed at various intervals after DFP administr 
tion (40 pmoles/kg), Enzymic activity returned at an absolute 
rate and in a spatially uniform fashion along the lengths of 
hypoglossal and cervical sympathetic nerves studied, The rate 
of regeneration in the soma-containing ciliary ganglion and 
hypoglossal nucleus, in contrast, appeared to be relative, dp. 
pending on control levels, In experiment 2, suppression of 
AChE regeneration in the hypoglossal nucleus after i,v, admig- 
istration of DFP was maintained chronically by daily intracrm 
ial injections of DFP into the 4th ventricle, Although enzym 
levels in the nucleus did not exceed 15% of control levels at 
any time during the course of the experiment, AChE regenerated 
to 60% of control in the nerve trunk, In experiment 3, an in- 
jection of an equipotent dose of the non-hematoencephal ic- 
penetrating anti-ChE agent, diisopropylphosphostigmine iodide 
(60 yymoles/kg) was substituted for DFP, Despite normal AChE 
content in the hypoglossal nucleus, the rate and character of 
regeneration in the nerve closely paralleled DFP-treated 
nerves, “ihe evidence indicates that AChE in peripheral nerve 
regenerates independently of the soma and by a different mode, 


Pharmacology 


CEREBRAL METABOLISM CF D-L ORNITHINE (2-C-1) IN-VIVO. 
John W. Kemp* and Dixon M. Woodbury. Dept. of Pharmacology, 
University of Utah College of Medicine, Salt Lake City. 

The urea cycle has not been demonstrated to operate in the 
brain, although the necessary components are present. In other 
tissues, ornithine is a necessary component of the urea cycle 
and is also converted via glutamic acid to other metabolites, 
Therefore, the metabolic fate of intracisternally injected 2- 
C-1l ornithine was determined in brain and CSF of male, 
Sprague-Dawley rats 5, 10, 20, and 0 min. after injection. 
Plasma, CSF, and extracts of brain were subjected to paper 
electrophoresis for resolution of radioactive metabolites 
which were identified by comparison with known standards. Up 
take of ornithine by the brain reached 9 maximum by 20 min, 
and decreased thereafter. At the end of 5 min., ornithine, 
glutamine, and glutamic acid were found in the brain. However, 
GABA, aspartic and succinic acids were detected in increasing 
levels at all subsequent time periods. In the CSF, high levels 
of glutamine and lower levels of GABA, aspartic and glutamic 
acids were found. Ornithine was found in plasm in very low 
levels together with another metabolite tentatively identified 
as arginine. Although not positively identified as yet, other 
metabolites were found in the brain which indicate that the 
urea cycle does exist in the brain. (Supported by Grant B-36l, 
N.I.H. and National Neurological Research Foundation) 





Pharmacology 


EFFECT OF LSD,BOL, AND CHLORPROMAZINE ON SEROTONIN LEVELS. 
D, B. Sankar*, Vv. § Ss *, E. Gold* and E. Phipps*. 
Creedmoor State Hospital, Jamaica 27, New York. 

Rabbits were given 0.92mg of 5~hydroxyt ophan-3- 
cl4(HrP) equal to ten microcuries. The controls ane sacrifice 
ed after 60 minutes, The experimental animals received 45 
minutes later 500gamma of LSD or BOL or 30mg of chlorpromzim 
and were sacrificed 15 minutes later. liver, lung, kidney, spleen 
heart,cerebrum,cerebellum,stem and rest of brain were assayed 
for total radioactivity and serotonin levels. The specific 
radioactivity of serotonin was also calculated. The more pro= 
nounced and generalized results were as follows. Chlorprom=- 
zine decreased the total radioactivity in most of the visceral 
organs while ISD and BOL increased it. All the drugs increased 
total radioactivity in the brain except in the cerebrum. The 
serotonin picture was different. LSD increased serotonin in all 
tissues except in the cerebrum. BOL increased serotonin levels 
in the liver, lung and kidney but caused a small to marked 
lowering in the rest of the tissues. Thus the specific effects 
of LSD seem to be increased serotonin levels in the heart, 
and brain tissues, and not so much in the rest of the visceral 
tissues. Chlorpromazine did not decrease serotonin levels in 
the visceral tissues except in the heart, but caused lowered 
levels in the brain tisaues. It is possible that the effects 
of LSD and Chlorpromazine may be related to serotonin levels, 
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Pathology 


GLUTAMIC DEHYDROGENASE SYSTEM IN PROLIFERATIVE GLIAL LESIONS. 
Kenneth A. Osterberg* and Lee W. Wattenberg, Univ. of Minn. 
Wed. School, Minneapolis. 

A morphologic histochemical study of glutamic dehydro- 
genase as demonstrated by tetrazolium salt reduction has 
been carried out in normal brain and benign gliosis in both 
nen and rodent, and also in human astrocytomas and glio- 
plastomas. Normal neuronal and glial elements of the 
cerebral cortex show only a moderate activity; the white 
jatter is even less reactive. A high activity is found 
associated with cerebral vessels. Astrocytic cell bodies 
and processes show high activity in benign gliosis and 
in astrocytomas, while activity is low or absent in glio- 
blastomas. High activity is found in reactive astrocytes 
within 5-7 days following experimental cortical lesions 
in rats and rabbits. Similar changes have been observed 
in human material in the gliosis surrounding metastatic 
tumors and also in surgically produced glial scars four 
months and four years following operative removal of 
cerebral tissue in patients with epilepsy. (Supported by 
J.S. Public Health Service grant B-2566) 


Immunology 


$0ME BIOCHEMICAL CORRELATES OF IMPRINTING. Samuel Eiduson*, 
Edward Geller*, and William Beckwith*. Vet. Adm. Cen. and 
WLA School of Med., Los Angeles, Calif. 

Certain chemical constituents of the brain of New Hampshire 
red chicks were studied after they had "followed" a mother 
surrogate stimulus object in a-circular runway for 30 minutes 
at 16 and/or 40 hours after hatching. The brain of these 
chicks and appropriate control groups were removed immediately 
after their last run and they were analyzed for RNA, DNA, nor- 
epinephrine, glutamic acid decarboxylase, true cholinesterase, 
pseudo cholinesterase, and fumerase. A multiple correlation 
and regression analysis were performed on the data. Glutamic 
acid decarboxylase, fumerase, DNA, norepinephrine, pseudo cho- 
linesterase, age, and weight, were not significantly related 
to the amount the chicks followed the mother surrogate. No 
combination of these variables could significantly predict the 
"following" response. On the other hand, RNA and true cholin- 
esterase were each significantly and negatively highly corre- 
lated (P=.005) with and together predicted the number of turns 
the chicks followed the surrogate (P=.0005) but only in the 
group in which the chicks were run both at the 16 and 40 hour 
periods. 


43 NEUROPHYSIOLOGY —Pain 


| Physiology 

# 
THE THALAMIC ORGANIZATION OF PAIN IN MAN. Frank R. Ervin and 
Vemon H, Mark® Mass. Gen. Hosp., Boston, Mass. 


22 patients with pain of terminal cancer have been studied 
with chrmic implanted electrodes in the region of the poster- 
ior thalams, Electrophysiologic recordings, subjective re- 
sponse, sensory loss after lesion, and electrode location at 
autopsy in ten of these cases has been completed. 

Lesions in VPM and VPL produced localized contralateral 
sensory loss with little effect on clinical pain. In contrast, 
lesions in centromedian and intralaminar nuclei, or the region 
of the posterior commissure could relieve clinical pain with 
little or no sensory loss. Evoked potentials in these regions 
differ in response to drugs, sleep, and other sensory input. 

The data available in man are consistent with the ideas of 
Bishop regarding sensory organization. 


(Supported by grants from NINDB and United Cerebral Palsy) 
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264 NEUROPHYSIOLOGY —Peripheral Nerves 


Physiology 
UNMYELINATED FIBERS IN CAROTID NERVE OF CAT. C. Eyzaguirre, 
K. Uchizono* & J. Lewin*. Dept. of Physiology, Univ. of Utah 
College of Medicine, Salt Lake City, Utah. 

Phase contrast and electromicroscopy have shown many unmye- 
linated (C) fibers interspersed among myelinated axons in the 
carotid nerve, The majority of the C fibers are of cranial 
origin since by 17 days after glossopharyngeal section they ha- 
ve disappeared. They probably subserve chemo-or pressorecep- 
tor functions, Other C fibers, however, persist after the abo- 
ve section. These come from the superior cervical ganglion, 
penetrate the glomus and continue in the carotid nerve; their 
destination is unknown. Stimlation of the cervical sympathe-~ 
tic trunk evokes a dispersed potential sequence in the carotid 
nerve which disappears after application of hexamethonium to 
the superior cervical ganglion, indicating that the somata of 
the responding fibers are in this ganglion. Some of these sym- 
pathetic fibers may innervate glomerular blood vessels since 
sympathetic stimulation may increase chemoreceptor fiber fre- 
quency, presumably by causing glomerular vasoconstriction, 
Direct sympathetic effects on chemoreceptors seem unlikely sin- 
ce sympathetic stimulation in vitro causes no change in chemo- 
receptor frequency or in mex jbrane potential of glomerular 
cells. (Supported by NSF grant G-9952, by USPHS grant B-2584 
and by a Senior Research Fellowship SF-260, USPHS; one of us 
(J. L.) Fellow of the Rockefeller Foundation). 





Physiology 


CARBOHYDRATE DEPENDENCE OF EXCITABILITY AND CONDUCTION IN 
IMMATURE NERVE FIBERS DURING REPETITIVE STIMULATION, 

M,H. Weiss* and F.G. Carpenter, Dartmouth Medical School, 
Hanover, New Hampshire. 

Nerve trunks taken from chicks shortly after hatching and 
suspended in Ringers solution require added substrate to 
maintain a conducted response over extended periods under 
resting conditions. Under conditions of continuous 10/sec. 
stimulation in a moist chamber, the survival of the compound 
Spike was measured after the nerves had been suspended for 
three hours in 3, 10 or 20 mM/L glucose and 6 m/L pyruvate, 
Nerves equilibrated in 3 m4/L glucose lose excitability after 
90-100 minutes of stimulation whereas its paired resting 
control diminished less than 5% during the same period. 
Equilibration of nerves in 10 m¥/L glucose increases survival 
to 240-270 minutes. With 20 mM/L glucose under the same 
conditions there is no measurable decrease in action 
potential height after 6 hours. 6 mM/L pyruvate, which is 
stochiometrically equivalent to 3 glucose, supports : 
10/sec activity for 80-90 minutes. Following the extinction 
of the AP by this procedure, resuspension in 5 mM/L glucose 
restores it to 90% of original values. These results support 
the hypothesis of an increased carbohydrate metabolism during 
axonal transmission. 





Physiology 
THE ROLE OF POTASSIUM DURING EXCITATION OF THE FROG SINGLE 


Of Medicine, UnIveFstty of Fltrias, Ueinesviiter Florida. 
of Medicine, orida, rida, 

A prolonged depolarization response may be ind tiated fran 
a nerve fiber immersed in excess potassium solution, 10 to 90 
mM potassium chloride added. This comprises first vg spike, 
and be a sn oe slow He eB re resulting from an in- 
ward prol late current has been identified 
as an cakenenae current and fre ts be entirely separ 
from the initial transient inward current. 
tential recordings showed that: If the membrane = sae Pe, 
near the resting level, the prolonged response occurred spon- 
taneously at regular intervals. The duration ranged between a 
few seconds and several minutes, The increased and 
the duration and amplitude decreased with reduction of mem- 
brane by applied voltage. The litude wy Soranennt 


also with increased voltage prolonged 
response cused wo Genalentanelola a snall and Large one, 
With ipsespelamination.the enckl nelesnee.4agn 

alone, § poly Poe apoio ostomy 
voltage technique. ee gr Peg pes co F on ge 
ism similar the sodium one, but specific to potassium, is 


inherent in the excitable nerve membrane, Slow spontaneous 
activity of such a mechanism, producing 

ward currents under nomal conditions, nay be responsible for 
stabilizing the membrane potential at the resting level. 
National Science Foundation Grant 6199, 





Physiology 
REVERSIBLE CONDUCTION BLOCK PRODUCED BY ACETYLCHOLINE IN 
CETYLTRIMETHYLAMMONIUM BROMIDE TREATED NERVES. 
George D. Webb* and Raymond R. Walsh. Physiology Dept. 
Univ. of Colorado School of Medicine, Denver, Colorado. 

An earlier study from this laboratory (Am. J. Physiol.,197: 
547, 1959) demonstrated that frog sciatic nerves treated with 
cetyltrimethylammonium bromide (CTMB) were blocked reversibly 
by lipid-insoiuble quaternary ammonium ions; nearly complete 
block by curare was effected at 0.0008 M. A concentration of 
0.1 M was required, however, for significant blocking by ACh; 
this concentration did not block control nerves without CTMB 
pretreatment. Spyropoulos and Tasaki (Ann. Rev. Physiol., 22: 
425, 1960) suggected that the effect of ACh was non-specific 
and may have been related to a sodium deficient environment. 
Frog sciatic nerves which have been treated with CIMB are 
rendered especially susceptable to conduction block by ACh, 
choline, and tetramethylammonium (0.1 M) as evidenced by the 
continuous decline of the amplitude of the compound action 
potential during exposure to the agents. The block is 
partially reversible and does not seem to be a “sodium-lack" 
block, for CTMB-treated nerves exhibit a much slower decrease 
of the amplitude of the action potential when exposed to a 
sucrose control medium (0.2 M). The action of ACh, however, 
may be non-specific, for ACh, Ch, and TMA are nearly equi- 
potent in blocking conduction. (Aided by USPHS Grant B-2772.) 


Physiology 

EFFECTS OF TEMPERATURE ON GENERATOR POTENTIAL OF A 
PACINIAN CORPUSCLE. N. Ishiko* and W. R. Loewenstein, 
Physiol. Dept., Columbia Univ. , College of Physicians and Surgeons. 

Charge transfer through the receptor membrane of the non-myelin- 
ated ending of Pacinian corpuscles is markedly affected by tempera- 
ture. The rate of rise and the amplitude of the generator potential in 
response to a constant mechanical stimulus increase with tempera- 
ture coefficients of 2.5 and 2.0 respectively. The duration of the fall- 
ing phase, presumably a purely passive component, and the rise time 
of the generator potential are but little affected by temperature. A 
change in temperature appears to modify the membrane conductance 
during the active phase in the mechanically excited receptor mem- 
brane; but does not initiate the conductance change in absence of me- 
chanical stimulation. The results indicate the existence of a barrier 
of about 16,000 cal. /mole activation energy in the excitation process. 
The electrical threshold of the first Ranvier node (the site of impulse 
initiation) is rather constant between 40° and 12°C. Below 12°C the 
threshold rises, and the mechanically elicited generator current 
fails to meet the threshold requirements of the node. Cold block of 
nerve impulse initiation then ensues, although the receptor mem- 
brane still continues to produce generator potentials in response to 
mechanical stimulation. 


Physiology 


DEPRESSION AND POTENTIATION OF GENERATOR POTENTIAL 
IN A PACINIAN CORPUSCLE BY REPETITIVE STIMULATION; 
AFTERPOTENTIALS. S.J. Socolar* and M. Sato*, Physiology 
Department, Columbia University, New York. 

The generator potential in a Pacinian corpuscle exhibits an after- 
hyperpolarization. The ratio of afterpotential and response ampli- 
tudes falls markedly when Li replaces Na in the bathing medium, but 
in K-free solution the normal ratio prevails. Hyperpolarization re- 
sults also from high frequency repetitive stimulation. It develops 
progressively during the train of stimuli and abruptly just after. It 
may account for potentiation of generator response observed under 
some conditions. Reversible potentiation and depression by repeti- 
tive stimulation /Loewenstein and Cohen, J. Gen. Physiol. , 43, 335 
(1959)7 were studied in relation to parameters of the conditioning 
and test stimulation. For a sufficiently weak test stimulus, the time 
for recovery of normal response after a train of stimuli appears to 
approach a constant maximum with increasing train duration. Also, 
the variation of potentiation and depression with strength of test 
stimulus suggests that the latter effect is a localized one and the for- 
mer a more diffuse one in the receptor membrane. 
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Physiology 
RELEASE OF MEMBRANE CALCIUM AND MEMBRANE DiEPOLARI. 
ZATION. K. Noda*, K. Koketsu*, and S. Miyamoto*, 
Dept. of Psychiatry, Univ. o inois, Chicago, — 
A transient release of Ca from frog Sartorius 
muscles has been observed when muscles are soaked 
in Ca-free or K-rich Kinger, or stimulated in 
Ringer. For the pyEpose of determining whether — 
such release of Ca is associated with membrane 
depolarization or with muscle contraction, simi 
experiments were performed with isolated frog 
spinal root nerves. kesults similar to those ob. 
served in sartorius muscles were ,gbtained. This 
indicated that the removal of Ca*~’, observed both 
in muscles and nerve preparations, was associated 
with membrane depolarization. Furthermore, result; 
indicated that the release of calcium was attriby. 
table to the exchange reaction between the calciu, 
bound to some anionic groups in the membrane, and 
the external monovalent cations, such as K (in Ks 
rich or Ca-free Ringer) and Na (in Ca-free Ringer 
or during activity). A quantitativg.analysis of 
the relation between the rate of Ca outflux and 
the external potassium concentration suggests that 
membrane depolarization is closely associated to 
the net loss of membrane calcium in K-rich Ringer, 


Physiology 
RELATIONSHIP OF SPINAL EFFERENT OUTFLOW TO POSITION OF MOTOR 
UNITS IN MEDIAL GASTROCNEMIUS. Earl Eldred, John E. Swett,* 
Jennifer S. Buchwald* and Charles F. Bri -* UCLA Med. Sch, 
and Long Beach V.A. Hosp., Long Beach, Calif. 

Examination has been made of topographic relationships of 
contractions in part of the cat's medial gastrocnemius to th 
level of spinal cord outflow. Upon stimulation of ventral 
rootlets in cranio-caudal order the segment of muscle showing 
contraction progresses from the hilar border of the muscle to 
the opposite border. Similar progression is evident when sit 
gle motor units are stimulated through filaments of the ven- 
tral reots, and the location of the units delineated on the 
muscle surface by the depression produced during tetanus or 
the distribution of EMG potentials. The relationship between 
locations of motor units and levels of the cord is much clear 
er than that for spindle organs which we noted in earlier 
work. Comparison of spinal levels to the nearest millimeter 
for afferent and efferent fibers to the medial gastrocnemius 
show them to be essentially coextensive. Levels of afferent 
and efferent connections for the lateral gastrocnemius in the 
same animal are farther anterior and those for the soleus it 
termediate in position. (Supported by USPHS Grant B-1143.) 


Physiology 


EFFECT OF DETERGENT ON ELECTRICAL PROPERTIES OF 
SQUID AXON MEMBRANE.William J.Adelman,Jr.and Uichiro 
Kishimoto. *National Tnstitutes of Wealth , Bethe 

Non-ionic detergent (Tween 80,0.1M,pH 7.6) caused 
a slight reversible reduction of action potential 
height without affecting the resting membrane poten- 
tial.Anionic detergents(Na-lauryl sulfate, 0.01-0. 
lmM,pH 7.6;Dimethyl benzene sulfonate, 1-20mM, pH 7.9 
caused a temporary increase and later decrease of 
action potential height and resting membrane poten- 
tial. Cationic detergent (Cetyl trimethyl ammonius 
chloride, 0.2-0.5mM,pH 7.6) generally brought about 
marked and irreversible decreases of action potential 
and resting potential with or without showing a 
slight temporary increase of the former. In all 
these three cases threshold potential increased. 
Generally, cationic and anionic detergents increase 
the sodium and potassium conductances temporarily 
at higher depolarization and later decrease them 
irreversibly. The effect of non-ionic detergent is 
to somewhat decrease the sodium conductance rever- 
sibly, leaving the potassium conductance almost 
unchanged. 
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265 NEUROPHYSIOLOGY —Reflexes 


Physiology 


HUMAN MIDDLE EAR MUSCLE REFLEX ACTIVITY. E. S. Mendelson. 
MEL, NAMC, Philadelphia, Pa. : 

The unbalanced mechanical resultant of the contractions of 
the stapedius and tensor tympani muscles may cause transient 
govenent of the tympanic membrane. Cochleo-tympanic reflex 
recordings from the outer ear canal were used to compare 
acoustic influences. Within narrow limits the apparent magni- 
tude of the reflex reactions depended upon the stimulus in a 
complex manner : Single responses varied widely and randomly, 
put the pooled results of several experiments showed a close 
relationship between stimulus strength and measured reaction. 
Anomalies simulating non-reactivity were attributable in some 
tests to Eustachian tube blockage since decongestant medica- 
tion resulted in normal reactivity, and in other tests to van- 
ishingly small drumhead-displacement since pulsing the stimuli 
in time with cardiac rate resulted in qualitative resolution 
of minute reflex contractions. Sinusoidal stimuli between 126 
and 11,584 cps have been effective at suitable sound pressure 
levels. Speech frequencies and noise seem to cause the most 
vigorous reactions. It may be concluded that some of the 
apparent discrepancies of the registered reflex responses were 
the direct results of acoustic factors, while others illus- 
trate the effects of accommodative and protective conditioning 
to randomized non-alarming and alarming stimulations. 


Physiology 


PHOTOPUPILLARY KINETICS IN NORMAL MAN. Mathew Alpern, 
Donald W. McCready, Jr.,* and Lloyd Barr,* University of 
Michigan, Ann Arbor, Michigan. 

long intense light flashes appear dimmer and produce 
smaller ERG b waves than somewhat shorter ones. Does an anal- 
ogous effect occur for the photopupil response? Responses to 
stimlation of the contralateral retina to white light flashes 
of a variety of luminances and durations (4.6 to 150 msec) 
were measured (using infrared pupillography) on five young 
adult males. No such effect was observed. Within the ranges 
of the variables studied, product of luminance and duration 
necessary to evoke a given physiological effect was constant. 
No critical duration was reached. The reaction time decreases 
as the response increases and the relation between these quan- 
tities is roughly approximated by a hyperbola. The responses 
can be adequately described by simple photochemical kinetics 
with the assumption that the per cent change in pupil area 
varies with the logarithm of the concentration of precursors. 
Thus the kinetics of the photopupil response can be described 
in a much less complex way than those of either the bright- 
ness of a flash or its ERG b wave. (Supported by grants from 
the National Council to Combat Blindness (Fight for Sight 
Award, G216), United States Public Health Service (B1578) and 
National Science Foundation (G20) 





Physiology 


AN ARTIFICIAL CLAMP FOR PUPIL OSCILLATIONS. Lawrence Stark. 
Massachusetts Institute of Technology, Cambridge, Mass. 


The experimental apparatus used in studying the pupil light 
reflex servomechanism has means for forcing the light stim- 
lus to be proportional to a given voltage as well as a means 
for producing a voltage proportional to pupil area. If the 
pupil area voltage is fed back via a "clamping box" with ad- 
justable gain and phase lag to the light control amplifier, 
then a new loop is formed, composed of the open loop pupil 
system and the “clamping box" in tandem. This method is a 
generalization of the squid axon clamp of Marmont and Cole, 
and is possible whenever a biological system can be controlled 
by a physical system of greater range and power. 

When the gain of the clamping box is increased the com=- 
bined system oscillates at the 180° phase crossover frequency 
of the pupil system. Further, if phase lag or lead is intro- 
duced in the clamping box the Nyquist curve of the open loop 
Pupil system is effectively potated and the frequency of os- 
cillation is now the new 180 phase crossover frequency. 
Besides a measurement of the linear transfer function, two 
additional advantages obtained with the clamp are self- 
filtering of the oscillations and clear exposure of certain 
non-linearities. 










Physiology 
ELECTRICAL RECORDING OF REFLEXES OF FISH SPINAL CORD. Dexter 
M. Easton, Division of Physiology, Department of Biological 
Sciences, The Florida State University, Tallahassee. 

Anterior median dorsal and paired lateral fins in fish are 
controlled by spinal segments 1-3. Output in motoneurons of 
these segments has been recorded during stimulation of cor- 
responding afferent nerves. Stimulation of and recording from 
nerve-ends less than 1 mm. in length have been accomplished by 
means of a hydraulic holding device that allows the operated 
area to be immersed at all times in a bath of teleost Ringer 
solution (Easton, Science, 1312, 132, 1960). Single shock 
stimulation of a suitable afferent nerve was followed by weak 
contraction of the muscle reflexly excited by it, and mltiple 
firing could be recorded in the motor nerve. Stimlation of 
an afferent nerve that elicited contraction in the antagonistic 
muscle yielded no output in the same motor nerve. The record 
during effective stimlation consisted of early stable and 
late labile bursts, A silent period intervened between the 
early and the late burst. The latency of the second burst was 
increased when the first shock was followed by another after 
about 1 sec. or less. Both bursts showed post-tetanic poten- 
tiation following stimlstion at 10/sec, or more. By means of 
the "hydraulic electrode", stable responses may be recorded for 
many hours from the fish spinal cord. (Supported by Grant 
927, USPH). 


Physiology 


A STUDY OF COORDINATION BETWEEN HINDLIMB REFLEXES, Leonard A. 
Cohen. Department of Physiology and Pharmacology, University 
of Pittsburgh School of Medicine, Pittsburgh 13, Pa. 

This report describes the initial portion of a general in- 
vestigation into the interaction between hindlimb reflexes and 
the quantitative determination of the coordination ratio of 
these reflexes when activated simultaneously with the various 
other reflexes. Reflexes were activated by physiologic stimuli 
which were automatically controlled in regard to their inten- 
sity, rate of application and duration. Decerebrate cats were 
employed and the reflex responses were measured in terms of 
tension developed in the quadriceps femoris muscle. This first 
report describes the interactions and coordination ratios for 
the stretch and arthrokinetic reflexes when paired with each 
other and also with the four other experimentally employed re- 
flexes. The data reveal that the stretch and arthrokinetic re- 
flexes differ widely in their coordination ratios and suggest 
the existence of a physiological generalization which might ap- 
ply to all of the reflexes which will be subsequently studied. 
This generalization is that reflexes fall quite easily into tvo 
groups, (1) those which are primarily organized to produce an 
overt response of their own and exert a lesser influence upon 
other reflexes acting upon the same muscle and (2) those which 
produce their greatest effect in altering the response of other 
reflexes and manifest a comparatively small overt response of 
their own. 
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Physiology 
CHANGES OF ELECTRICAL PROPERTIES OF LOBSTER GIANT AXONS IN 
RESPONSE TO METHYLENE BLUE AND RIBONUCLEASE. T. R. Podleski*® 
and E. L. Gasteiger., University of Rochester School of 
Medicine and Dentistry, Rochester, N. Y. 

Chemicals having selective reactive and binding properties 
can be powerful tools for dete: membrane characteristics 
(Rothstein, Protoplasmatologia, 1954). Postulated sulfhydryl 
binding properties of methylene blue (MeB) and the dependence 
of this binding on the presence of RNA were used to explore 
electrical characteristics of the lobster giant axon as measur- 
ed by the micropuncture technique. The effects of MeB were 
determined in four series of experiments: MeB alone, MeB with 
increased light intensity, MeB with increased stimulation, and 
MeB following previous treatment with RNase, MeB (1.0-0.1 mg 
per ml) produced a reversible depolarization block. Prior to 
decrease in resting potential, the action potential and its 
rising slope decreased. Certain axons were more susceptible to 
depolarization than others, but the decrease in resting poten- 
tial was not altered by increased light intensity and stimula- 
tion. Treatment of the axon with RNase decreased the effec- 
tiveness of the MeB. The role of MeB in cholinesterase inhibi- 
tion, metabolic inhibition, phototxidation, and surface bind- 
ing has been considered, An action through surface binding is 
favored on the basis of the early response and its quick re- 
versibility even though dye remains in the axoplasm, 

(Supported by grants from USPHS ahd USAEC 
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267 NEUROPHYSIOLOGY —Reflexes—Conditioned 
Physiology 


PRACTICAL NOTES ON RECORDING SaLIVARY CONDITIONAL REFLEX Ii 


MaN, Ruth 4, hatz* and George F. Sutherland, Psychophysiol. 
Lab., Dept. Med. Research, Spring Grove State Hosp., Balto., 
Md. 


Precise measurement of salivary secretion in man presents 
difficulties not encountered with animals. With the human 
subject it is not practical to make a parotid fistula, use 
strong stimuli, reject poor secreters, starve the subject, or 
to control his life experience. Because parotid secretion in 
man is scanty and easily inhibited, it has been necessary to 
develop much more sensitive and precise apparatus than was 
used by Pavlov tc record the conditional reaction in animals. 
Elimination of air and rubber tubing have reduced temporal 
distortion to a minimum. Rapid changes in rate of secretion 
can be recorded. Records which can be read by inspection 
free the observer to take advantage of the state of the 
nervous system while it is being recorded during the test 
session, instead of his being bound by a rigid protocol in 
anplying stimuli. (Supported by a grant-in-aid from the 
Foundation's Fund for Research in Psychiatry. ) 


Physiology 
CONDITIONED ELECTRICAL ACTIVITY OF MOTOR CORTEX AND ALTER- 
ATIONS WITH MESENCEPHALIC LESIONS. J. T. McIlwain* and L. M. 
N. Bach. Physiology Department, Tulane University, New 
Orleans 18, Louisiana. 

Seven adult cats with chronically implanted multiple 
electrodes on the cortical motor area were conditioned to lift 
their foreleg at the appearance of a light. A shock to the 
foreleg was the unconditioned stimulus. After habituation to 
the CS, and as the US was paired with the CS, the motor cor- 
tical activity was seen to alter as actual motor conditioning 
began to appear. Most striking was the appearance of a dis- 
tinct potential evoked by the CS. This potential increased in 
amplitude end assumed a characteristic discreetness as the 
conditioned motor response developed. Mesencephalic lesions 
in 4 of these animals produced varying alterations in con- 
sciousness, correlating roughly with the histological extent 
of the lesions in the reticular formation. Certain character- 
istics of the conditioned cortical activity were retained but 
somatic motor responses were virtually abolished by the 
lesions. 


Physiology 

PSEUDO-EXTINCTION OF CONDITIONED ANTIDIURETIC RESPONSES. 
S. A. Corson and E. O*'L, Corson*, Columbus Psychiatric Inst., 
0.S.U. Health Center, Columbus, Ohio, and R.A. Dykman*, J.E. 
Peters*, W.G. Reese* and L.D. Seager*, U. of Ark. Med. Center. 

While studying conditioned antidiuretic responses (CAR) in 
water loaded dogs by pairing tones with electric shock to a 
leg, we encountered one animal in which the CAR disappeared 
after several trials, although the motor responses remained, 
This did not represent Pavlovian extinction, since the uncon- 
ditioned antidiuretic responses (UAR) also disappeared. We 
therefore referred to this as "pseudo-extinction". The urines 
from the dogs with stable CAR and UAR had a high osmolarity, 
suggesting release of ADH. In contrast, the dog which devel- 
oped pseudo-extinction produced urine of low osmolarity dur- 
ing CAR and UAR observed before the development of pseudo- 
extinction, This suggests that these early AR were due to 
renal vasoconstriction rather than to ADH. This type of 
response apparently cannot be conditioned, When the AR dis- 
appeared, the dog developed a fear of the conditioning room 
and had to be carried in. This was not observed in the dogs 
with stable CAR. Pseudo-extinction may be due to catechol 
amines which Verney et al. demonstrated could block ADH re- 
lease. In support of this are our observations that phentol- 
amine restored the AR in the dog with pseudo-extinction. It 
also produced some antidiuresis in nonstressed dogs. 
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Physiology 
CERLBELLAR INFLUENCES ON THE EVOKED CEREBRAL RESPONSE, 
Seiichi Mizuno and Ray S. Snider, Northwestern Univ., 
Chicago, Ill. 

Electrical responses, induced by click stimuli, were re- 
corded from cerebral auditory areas I and II in normal adult 
cats anesthetized by ether and Flaxedil. The effects of con. 
ditioning shocks applied to the pial surface of the audi 
area of the cerebellum on these responses are described, Com 
ditioning shocks in the to 9 volt range (0.1 msec. durat: 
applied at intervals of 0 to 300 msec. before test shocks, wey 
used. Test shocks were never given more frequently than one 
per second and no data were used which could not be repeatedly 
elicited, Although rare instances of enhancement of the 
evoked response were observed, diminuition of amplitude was 
the usual result. The effect was more prominent and e 
if the interval between test and conditioning shocks were 100 
msec, or less. At longer intervals, 100 to 300 msec., not only 
was the change less prominent, but it was also less enduring 
and was elicited with greater variability, The interpretation 
is given that a process similar to occlusion is taking place 
between a cerebellar projection system to the cerebrum and the 
sensory projection via the thalamus to the cerebrum, Test an 
conditioning experiments involving the medial geniculate m- 
cleus are underway and preliminary data indicate that this 
sensory nucleus is involved in the occlusion-like effect noted 
above. 





268 NEUROPHYSIOLOGY -—Spinal Cord 
Physiology 


CENTRAL CONTROL OF VISCERAL AFFERENTS. Robert Siminoff.* 
Med. Sci. Res. Lab., Miles Laboratories, Elkhart, Indiana 


A 1-2 micron microelectrode was used to explore the C-l 
to C-2 levels of the cat's spinal cord for units responding to 
single electrical shock to the splanchnic nerve. Short laten- 
cy, ability to follow high rates of splanchnic stimulation and 
positive spike were used as criteria for presynaptic units. 
Such units were found in the ipsilateral dorsal funiculus and 
were not influenced by mesencephalic reticular formation stim 
ulation. Units which had long latencies, did not follow high 
rates of stimulation, and were either diphasic or monophasic 
negative were found in the ipsilateral and contralateral 
ventro-lateral units responded with bursts of 2-5 spikes to 
single shock of the splanchnic nerve. At just threshold volt- 
age for splanchnic driving of the unit, the response was com- 
pletely blocked during and several seconds after reticular 
stimulation. At supramaximal splanchnic stimulation, the 
number of spikes per burst decreased. 


Physiology 
REPETITIVE FIRING OF MAMMALIAN DORSAL ROOT GANGLION CELLS AND 
MOTONEURONS. G.Austin and M.Sato*. Division of Neurosurgery, 
University of Oregon Medical School, Portland, Oregon. 

In decerebrate and unanesthetized cats immobilized with 
d-tubocurarine we have recorded intracellular potentials in 
dorsal root ganglion (d.r.g.) cells and motoneurons. Ordinar- 
ily motoneurons fire once in response to a single dorsal or 
ventral root volley. Occasionally on penetration they spont- 
aneously fire up to 50 impulses per second. Similarly by rep- 
etitive antidromic stimlus they will fire up to 40-50/sec. 
before partially blocking. However, spontaneous potentials 
recorded from with d.r.g. cells may fire 250-300/sec. follow- 
ing penetration. Repetitive activity in both instances is 
probably due to membrane irritation by the microelectrode 
since it is not recorded prior to penetration. In d.r.g. 
cells there are often small oscillatory potentials of approx- 
imately 0.5 mv. preceding or alternating with spikes. Assuli- 
ing an inductive component in the d.r.g. cell membrane (Cole; 
Hodgkin and Huxley) the calculated inductance is 0.48 Henries. 
From previous work we conclude that d.r.g. recorded potent- 
ials probably only involve non-myelinated fiber and axon 
hillock. Motoneuron potentials involve non-myelinated fiber, 
soma, and at least proximal dendrites. These limit moto- 
neuron frequencies mainly by their longer recovery period. 
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ysiology Physiology Physiology 
IMCTILE PROJECTION TO NUCLEUS GRACILIS OF CAT, J.R.Gentry*, D. UREA METABOLISM IN THE RABBIT. Richard Houpt.” Univ. of 
g, WhitLock* and E.R.Perl.Univ, of Utah, Salt Lake City, Utah. Pennsylvania School of Vet. Med., Philadelphia, Pa. 
fesponses of post-synaptic gracilis neurous to tactile stim- Cecal function with associated refection in the rabbit has 
re. lation were of 3 types: 1) Units best excited by hair deflect- been likened to rumen function. Recently a protein regenera- 
adult ion were rapidly adapting and showed peripheral receptive tion cycle, dependent upon the rumen, has been described by 
f con ff fields (PRF) of variable — averaging 30 on digits - which ruminants on a low-protein diet utilize endogenous urea. 
‘tory me on foot and 2000 mm on thigh, hip and tail. Primary To determine if a similar cycle is present in domestic rabbits, 
1. Cone afferent fibers projecting to such units were estimated to urea injection experiments were performed. A low-protein, 
ration), conduct at 45-95M/sec. 2) Units best excited by light touch carbohydrate-supplemented ration was fed in quantities inade- 
ks, wer @ of skin a) adapted more slowly, b) altered background activity quate to maintain body weight. After 3 weeks daily 
n ong vith changes in skin temperature, and c) were discharged from urea excretion was low and relatively constant, Urea-N (22 
eatedly |) lxce PR which averaged over 2000 mn* on the foot to over mnole/kg) was injected intravenously, and its urinary excre- 
H 3000 ym? on the hip and flenk, At PRF edges touch-tempera- tion was measured as the excess above control urea excretion 
sia ture units exhibited discrete spots of tactile sensitivity rate. Urea retained in the body was calculated from blood 
par end repeated stimulation of one point was accompanied by more ures a and total body water volune, Fecal and 
re 19) rapid adaptation, Estimated conduction velocities for pri- pose ss = pre Dapp neh eng eee no excretion of 
may afferent fibers projecting to such units were 32-57M/sec. inj jes er compounds. 0 >t mmoles urea=N 
not, only ee > pe emu injected an average of 16 mmoles (S. D. = 3) could not be 
uring | 3) Unite discharging only to rapidly applied mechanical stim- accounted for in urine or body water during 2h-howr post- 
et ation wlation of skin (taps) were insensitive to changes in skin tem- injection periods 10. aeeles cheered aamenae on 
ture as were hair units. PRF of "tap units" were commonly ne Py ree 
place pers ink ae. hadnt ie ‘ ste catia sont control days. In acute experiments rate of urea movement into 
and the § mall. PRE ae en amen of VATIAR WERE FOS Cia~ the saline-filled cecum was similar to urea disappearance rate 
pet me @2 position in the nucleus but appeared better correlated in injection experiments. It is concluded that the rabbit 
2 m- with skin locus and etfevkive cheesey: suggesting that con- can utilize significant amounts of endogerous urea. (Supported 
his vergence upon second-order neurons of the dorsal column — by a grant from the National Science Foundation). 
t noted system is closely associated with receptor type and location, 
‘siology Physiology Biochemistry 
* EFFECT OF DIENCZPHALIC STIMULATION ON THE MONO- A TPNH-SPECIFIC NITRITE REDUCTASE FROM ESCHERICHIA COLI. 
a SYNAPTIC REFLEX. Robert Burke*, University of Rochester Robert A. Lazzarini* and Daniel E, Atkinson. Department of 
C-1 School of Medicine, Rochester, N. Y. Chemistry, University of California, Los Angeles. 
ding to Patterns of extrapyramidal influence on spinal motoneurons ee ee ee Ag eee 
laten- — were studied in lightly otherised cats. Monosynaptic reflexes postin + cadiaenaent at behee-gedesinn suntan, One accepts 
ion and § produced by stimulation of cut hindleg extensor and flexor electrons from FMN or viologens, another from DPNH, and the 
its. muscle nerves and recorded in cut lumbosacral ventral roots third from TPNH. The TPNH-specific system has been purified 
us and were modified by repetitive stimulation in areas of the dien- about 200-fold. Ammonia is the product of the reduction, 
n stim cephalon and mesencephalon. Bilateral facilitation was the and all six electrons are supplied by TPNH. The system does 
doe most common response. Bilateral inhibition occurred rela- not reduce hyponitrite or nitrous oxide. TPNH-specific 
1 tively infrequently. In contrast, points in the ventrolateral hydroxylamine and cytochrome c reductase activities accompany 
a thalamus and zona incerta inhibited contralateral and facili- the nitrite reductase, and the ratio of the three activities 
sw . remains essentially constant during purification. When 
i volt- § tated ipsilateral extensor reflexes. Reciprocal changes nl5-nitrite was reduced in the presence of unlabeled NHOH, 
3 com- (facilitation of extensor with inhibition of flexor reflexes, or the atom percent excess of N15 in the ammonia produced was 
lar vice versa) were produced in several animals by diencephalic about twenty times that in the residual NHjOH, indicating 
he stimulation. Results were seen without spontaneous discharge that no intermediate in the reduction equilibrated with 
of involved motoneurons, and were not affected by chronic NHQOH. It is tentatively suggested that the six-electron 
sensorimotor decortication. Thus, the diencephalon can pote pet Phe gronge ming tie bie pane is a 
. pe Re enzyme. seems ely ree hydroxylamine is no 
~~ aid smite — ogee scapes A ap - an obligate intermediate in the reduction of nitrite by 
ze penac . cage © BYOPE, ARE TOTP 8, OF IRE I Eee £3 an this system, but that it can feed into the reductive 
rather definite patterns. (Supported by USPHS Exptl. Training pathway. (Supported by a grant from USPHS. ) 
Grant 2R-6 and by NINDB Grant #B-1399). 
269 NITROGEN METABOLISM 
iology Physiology Biochemistry 
5 AND NITROGEN AND ELECTROLYTE CONTENTS IN YOUNG AND OLD FEMALE CARBON MONOXIDE INHIBITION OF ENZYMIC N2-FIXATION. 
gery, § FISCHER RATS. A, Kurt Weiss, W. Glen Moss, Jarrett C. Black* Howard F. Mower.* Central Res. Dept., ©. I. du Pont 
- rn gers materson". Univ. of Miami Schoo! of Medicine, de Nemours and Co., Inc., Wilmington, Del. 
‘ mies, FIOriee. : ‘ Carbon monoxide inhibits hydrogenase and compo- 
n The Fischer rat belongs to a relatively short-lived strain. No-fixd t from Clostrid 
linar- § The 50% mortality leve! of survivors at weaning occurs at nents of the N2- ng system from Clostridive 
or about | year of age. Nitrogen and electrolyte contents of pasteurianum. CO inhibition of hydrogenase is 
ont the whole body were determined in a young group of females readily reversible but CO inhibition of the No- 
y rep- (@-3 months old) and in an old group (17-19 months old). The fixing system is in part only slowly reversible. 
UE TE aes cost invectn pose erindte Gat Gok feather Sites’ | SNK ee: Che. abies UF Obnpeanins esteuiny Sey 
, 
low- town in @ Waring Blendor running at high speed. Whenever two complimentary preparations derived from se 
8 necessary, aliquots were further treated in a Potter-Elveh- crude extract by heat treatment in one case an 
: Jem homogenizer to reduce size of particles. The nitrogen calcium phosphate gel treatment in the other, 
, contents of the non-trichloroacetic acid-precipitable frac- reveal that each preparation has a different CO- 
yrOx- tion ("non-protein nitrogen") and of its difference from the sensitive component. Inhibition is rapid when 
Sieg | wre ane content (Cprotern nitrogen’) per gran of tissue | heat-treated preparation is exposed to CO and this 
clade | Yas rote; pi Ea ts Mle gti stetige Mh astute ea Me: reaction is reversible, but calcium phosphate gel 
3 potassium levels were also higher in the young. 1 i ibly with CO 
t= Conversely, calcium and magnesium levels per gram of tissue preparation reacts slowly and rreversibly ° 
wre found to be significantly higher in the old rats, while Results suggest that CO inactivates the hydrogen- 
ber, Sodium levels remained unchanged. (Supported in part by NIH transferring component in the heated preparation 
} grant H-3901.) and nitrogenase in phosphate gel preparation. 














Biochemistry 
BIOSYNTHESIS OF PHYTOENE BY CELL-FREE PREPARA- 
TIONS OF CARROT. David G. Anderson* and John W. 
Porter. VA Hosp. and Dept. of Physiol. Chem., Univ. of 
Wis. , Madison. 

Carrot plastids (prepared in sucrose-phosphate buffer) and 
carrot press juice, in combination, convert radioactive der- 
ivatives of mevalonic acid (formed by animal liver enzymes) 
to phytoene during incubations of 6-18 hours at 25°C. Phy- 
toene is characterized according to Anderson, Norgard and 
Porter, Arch. Biochem. Biophys., 88, 68 (1960). The der- 
ivatives of mevalonic acid are generated in a 90 min. incu- 
bation of ATP, Mg , BAL, 2-C°*-MVA, phosphate buffer 
and a soluble enzyme fraction of rat, pig, or pigeon liver. 
After heat inactivation of the animal enzymes, DPN, TPN, 
glucose-6-PQ,, and the carrot fractions are added and the 
incubations continued, The incorporation of C ~ into phy- 
toene (800 to 3000 counts/min. ) is a function of time. Incor- 
poration is negligible if either liver or carrot preparations 
are omitted. Maximum incorporation also requires all the 
components listed above. A comparison of the synthesis of 
squalene by a soluble system from beef liver microsomes and 
the synthesis of phytoene by carrot preparations will be made. 





Biochemistry 


BIOSYNTHESIS OF PHENAZINE-1-CARBOXYLIC ACID. Mark 
Levitch,* Enzyme Section, National Heart Institute 
Bethesda, Md. 

Haynes and coworkers (J.Bact. 72:412, 1956) 
have described an organism, Pseudomonas aureo- 
faciens, which produces a yellow pigment identified 
as phenazine-l-carboxylic acid. Conditions have 
been defined for pigment production in washed cell 
preparations. Glycerol is the preferred carbon 
source, and a large number of amino acids serve 
equally well as nitrogen sources. The incorporation 
of cl4 from labeled substrates into pigment has 
been studied with washed cell suspensions. The 
followed substrates listed in the order of de- 
creasing efficiency of incorporation gave rise to 
labeled pigment: DL-Tryptophane-3-cl4, Glycerol-1, 
3-cl4 pL-Alanine-2-c!4, wa Acetate-1-cl4, pL- 
Tyrosine-u-cl4, pL-Serine-3-cl4, Glucose-6-c**, 
Na DI-Lactate-1-cl4, L-Threonine-u-cl4, wa 
Pyruvate-1-cl4, Na Formate-cl4. Glucose-1-cl4 gave 
rise to unlabeled pigment. 








Biochemistry 
PROPERTIES OF THE NITROGEN FIXING ENZYME SYSTEM FROM 
CLOSTRIDIUM PASTEURIANUM. John McNary*, K. C. Schneider* 
and R, H. Burris, Dept. of Biochemistry, U. of Wisconsin, 
Madison 6, Wisconsin. 

Further investigation of No fixation by cell-free extracts 
from C. pasteurianum prepared according to Carnahan et al. 
(Biochim. Biophys, Acta 38, 188, 1960) have shown that the 
pli2 necessary for half-maximum fixation is near 0.14 atm. 
This is markedly higher than the pN2 of 0.02 atm. supporting 
half-maximum fixation by whole cells of Azotobacter vinelandii 
or Nostoc musccrum. N20 at a pressure of 0.1 atm. gave 
detectable inhibition and at 0.5 atm. strongly inhibited No 
fixation in the presence of 0.1 atm. of No. As in intact 
cells, No fixation by cell-free C. pasteurianum was inhibited 
only by Figen partial pressures of Hz. CO also inhibited No 
fixation. The enzyme complex rapidly lost its activity after 
extraction from the dried cells. Reducing agents such as 
NazS20,, cysteine, and other -SH compounds did not improve 
the stability but were inhibitory. However, heating the 
prepns. for 5 min, at 60° did not decrease their activity for 
Ng fixation, Protamine sulfate additions reduced the activity 
of the extracts. Calcium phosphate gel or treatment with 
modified cellulose powders effected some purification of the 
enzyme system. A boiled enzyme extract did not restore or 


increase the activity of various fractions. 
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Biochemistry 
REACTIONS OF CELL-FREE PREPARATIONS OF NITROSOMONAS EUROPABA, 
C. C. Delwiche, W. D. Burge* and E,. Malavolta.* Kearney ; 
Foundation of Soil Sc., Univ. of Calif., Berkeley, Calif, 

Because of the unique substrate requirements of 
Nitrosomonas and the lack of response of this organism to 
organic compounds, @ survey was conducted to determine the 
general nature of some of its reactions. Cell-free prepara. 
tions from the sonic disintegration of fresh cellsof 
Nitrosomonas europaea produce a number of phosphorylative 
reactions when provided with hydroxylamine. Adenosine di- ay 
tri-phosphate have been identified. The production of organiy 
phosphate was inhibited approximately 50% by 10° °m potassim 
cyanide, and the formation of nitrite ion was inhibited 
approximately 35%. Preparations are also capable of partial 
degradation of at least two hexoses, glucose and mannose, 
Triose phosphate and phosphoglyceric acid are identified among 
at least five fragments in the case of glucose. Fragments 
from mannose have not been identified. It is concluded that 
the synthesis of high-energy phosphorylated intermediates by 
these autotrophs has elements in common with the reactions of 
heterotrophic organisms. The classical observation of the 
inability of the nitrifiers to subsist on organic substrates 
is not due to the inability of the organism to degrade such 
compounds, 











Nutrition 
DISTRIBUTION OF EXCRETED NITROGEN FROM HONEY BEES FED VARIOUS 





PROTEIN SOURCES. W. F. wecangher”s Jos B. McN 
Frank E. Todd*, University of Arizona U.S.D 


esearch Service, Tucson, Arizona, 

Newly-emerged honey bees were fed diets of 5% protein as 
pollen, egg albumin, soy hydrolysate, cr casein for 7 days, 
after which the recta were removed and the nitrogenous 
excretory products determined in the fecal material. Bees 
fed pollen showed, as percent of total nitrogen: uric acid 
61,30, creatine 3.71, creatinine 5.29, alpha-amino nitrogen 
6.11, urea 0, and ammonia 0, Uric acid excretion appeared 
to vary inversely with adequacy of dietary protein, amount- 
ing to 96.27% of total nitrogen excreted by the negative 
control, Alpha-amino nitrogen excretion, however, showed a 
direct relationship, amounting to 1.36% and 6.11% of total 
nitrogen respectively for the negative control and the 
pollen-fed group. No consistent variation was found for the 
other excreted nitrogen compounds. Pharyngeal gland 
development in the bee was used as a measure of diet adequacy, 


Nutrition 


COMPARISON OF PROCEDURES FOR ASSESSING NITROGEN RETENTION I 
THE IMMATURE W.L. COCKEREL. W. R. Sanslone* and R. L. Squib. 
Dept. Poultry Science, Rutgers Univ., New Brunswick, N. J. 

Sources of error related to nitrogen loss in balance 
studies have been stressed and practicality of this techniqe 
questioned. Estimated N retention by 10-day old W.L. cock- 
erels during a standard N balance period was assessed by 3 
procedures. In the first, total N content of each animal at 
end of N balance was predicted by adding calculated carcass # 
at start and estimated N retained during N balance. Individ- 
ual carcass analysis at the end of N balance indicated that 
predicted N content was 101.8 + 0.6% of that determined by 
carcass analyses. In the second, calculated carcass Nat 
start was subtracted from carcass N of each animal at concli- 
sion of N balance. The estimated gain in carcass N was COm- 
pared with N retention calculated from N balance data. The 
latter was 105.3 + 2.5% of the gain calculated by carcass am 
alyses. In the third procedure, gain in body nitrogen during 
N balance was individually computed by multiplying the ter-_ 
minal fat-free %N by the gain of fat-free body weight 
balance. W retention calculated from N balance data was f 
to be 105.3 + 2.0% of the calculated gain in carcass N. 
ferences between N balance and carcass N data calculated by) 
procedures, while within experimental error, may be related 
to W loss. 
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Biochemistry 
tag ACTION OF PANCREATIC DEOXYRIBONUCLEASE ON THYMIDINE, DE- 





TIDINE AND DEOXYADENOSINE POLYNUCLEOTIDES. R. K. Ralph*, 
R, A. Smith* and H. G, Khorana. B.C, Research Council and 
Institute for Enzyme Research, University of Wisconsin, 

A study of the action of pancreatic deoxyribonuclease on 
the recently synthesized thymidine, deoxycytidine and deoxy- 
adenosine polynucleotides gave the following results. (1) All 
the tetra- and higher polymers are attacked, the trinucleo- 
tides (pIpTpT and analogs) being essentially resistant under 
the conditions used. (2) The rate of hydrolysis in each ser- 
jes increases with increase in chain length. (3) The mode of 
action is essentially identical in all the series bearing 5'= 
phosphomonoester end groups. Cleavage occurs mostly at inter- 
mal phosphodiester bonds. Thus tetranucleotides —, mainly di- 
nucleotides; pentanucleotides —» mainly di- and trinucleo- 
tides; hexanucleotides —» initially di-, tri- and tetra- 
nucleotides. (4) With oligonucleotides bearing 3'-phospho- 
nooester end groups (e.g. Tp(Tp)sTp) cleavage also occurs 
terminally to release pIp and TplpTp?f, indicating the 3'- 
phosphomonoester group to simulate a phosphodiester bond for 
the enzymic action. (5) Attack occurs at multiple points on 
the same substrate: thus (a) d-p? (pT )3pC gave pip? + d=pI'pC + 
ppp? + d-pTpfpC and (b) pI(pT)gpT gave on partial degrada- 
tion all the pore pes lower homologs. (6) Of the three analo- 
gous pentanuc eotides, the deoxyadenosine polymer was attack- 
ed faster than either of the pyrimidine polymers. 


Biochemistry 


{HE STABILIZING EFFECT OF SPERMINE ON B. SUBTILIS TRANSFORMING 
PRINCIPLE. H, Tabor. Natl. Insts. of Health, Bethesda, Md. 
The addition of spermine to solutions of transforming 
principle partially protects the latter from heat inactiva- 
tion, Transforming principle was prepared from wild-type 
according to Dr. M. Fox, and was dissolved in 
0.15 M NaCl-0.01 M K dimethylglutarate, pH 6.2. It was then 
heated to 89.5° for varying times, rapidly cooled in ice-water 
and assayed for tryptophane*t transforming ability. When 
spermine (1.5x10-3 M) was present during the heating period, 
there was only a 10-15% loss with 20 min. heating, and 30% 
loss with 40 min. heating. In a control mixture in which 
spermine was not added until after the heating period, there 
was an 80% loss in 20 min. and a >98% loss in 40 min.; in the 
complete absence of spermine the recovery of transformants 
was even lower. An effect of added spermine could also be 
demonstrated with unheated transforming-factor preparations, 
resulting in a 2-3 fold increase in the yield of trans- 
formants. This demonstration of the stabilization of a DNA 
preparation may indicate a possible mechanism for the stabili- 
sation by spermine of E, coli protoplasts (J. Mager, Biochim. 
et Biophys. Acta 36: 529, 1959; C. W. Tabor, Biochem. Biophys. 
Research Communs. 2: 117, 1960) and bacteriophage T5 (H. Tabor 
ibid, 3: 382, 1960). 


Biochemistry 


CONTROL OF NUCLEIC ACID SYNTHESIS BY RIBOSE, Richard A. 

and Charles Hurwitz.* Depts. of Biochemistry an 
Microbiology, Albany Medical Colleges and Research Lab., 
VA Hospital, Albany, New York. 

In studies on protein and nucleic acid synthesis by 
Pnicillin-induced spheroplasts of E, coli K-12, it was 
found that the lag in lactose-induced f-galactosidase 
smthesis paralleled a lag in incorporation of C-l4-glyoine 
into nucleic acid and protein. With the non-metabolizable 
inducer, thiomethyl p=-Degalactoside, nucleic acid synthesis 
was reduced to a low level without a comparable effect on 
wotein synthesis (Peabody, Hurwitz, Biochim.Biophys.Acta 
321184,1960), From this it was deduced that a product of 
lactose hydrolysis was more of a limiting factor in nucleic 
wid synthesis than in protein synthesis. Further studies 
thoved that glucose stimulated nucleic acid synthesis with- 
mt the lag when lactose was used, Ribose could replace 
Glucose providing the bacteria were ribose-adapted, Experi- 
tnts with C-14<-labelled ribose supported the hypothesis 
that ribose or a ribose precursor is the limiting factor 
in nucleic acid synthesis under the conditions used. 
Implications of these findings on control of ribosome 
qmthesis will be demonstrated and discussed, (Supported 
& grant from the AEC.) 











Biochemistry 
STRUCTURE PROPOSAL FOR SINGLE STRAND RNA. Michael L. 


ae semen M. Shirven* 

° rge ° Vey ° 6, D.C. 
Paul Doty recorded electron micrographs of a single strand 

RNA (PNAS April 1959). Structural model building has shown 

that single strand RNA permits the formation of a compact 

long rod-like structure: the phosphates forming a zig-zag 

line (stabilized by gegenions) along one side of the rod, the 

pentoses filling up the center part of the rod-like structure, 

and thebases being located in a zig-zag arrangement on the 

other side of the rod (PNAS 45, 1367, 1959). The'stability 

of the structure lies in its tightness and in hydrogen bonds 

connecting each base to a C}OH of a pentose. Nucleotide 

dimers form the repeat unit of the structure. This 

structure is essentially straight if the purines alternate 

with the pyrimidines; otherwise the structure shows some kinks. 

The rey a may attain a dimer repeat distance of about 

6.4 X to 7%, compatible with attachment of a protein chain 

of 3.4 8 monomer repeat distance. (H. Jehle, l.c.). (Supported 

by a grant from the Res. Corp. and N.C.I. (NIH grant C 4989 C.) 
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Biochemistry 

STIMULATION AND INHIBITION OF POLYNUCLEOTIDE PHOS- 
PHORYLASE BY POLYNUCLEOTIDES. Roland F. Beers, Jr. 
Johns Hopkins Univ. Sch. of Hyg. and Pub. Health, Balto., Md. 

Partially hydrolyzed RNA and poly A strongly inhibit polynuc 
-leotide phosphorylase; dephosphorylation of inhibitors by E. 
coli alk. phosphatase converts them to strong activators, Puri- 
fied enzyme with trace RNA €280 my/€26 y= 75) shows a 
slight lag in the polymerization reaction, Cae is strongly stimu- 
lated by oligonucleotides with 3'-OH end groups. The Km forthe 
activators ranges from 0.3 to 18 u».Mdepending uponthe mol. wt. ; 
Kj for inhibitors is ofthe same magnitude. K,, and Kj values vay 
directly with the substrate(ADP) concn. Vyax(%max. stimula- 
tion) for the activators and I,,4x(%max. inhibition) for the inhib- 
itors arenotaffected. The Km for ADP is increased by inhibitor- 
s, decreased by activators. Max. inhibition by degraded poly A 
is 100%by yeast RNA 70% and 15% after further degradation, irre 
spective ofconcn. It is concluded that inhibition and activation 
are competitive processes involving 3'-phosphate ended and 3'- 
OH ended polynucleotides, resp. A min. mol. wt. is necessary 
forinhibition. Some specificity of inhibition with resp. to base 
compn. ofthe inhibitor and substrate exists. The autocatalytic 
rate curves observed are believed to be primarily the result ofa 
reversal of inhibition by newly synthesized polymer or primer. 
Abs. primer requirement is lacking. 





Biochemistry 


Nucleotides Containing 4,€-Diaminopimelic Acid From 
Escherichia Coli, Donald G, Comb*. Massachusetts 
General Hospital and Dept. of Biol. Chem., Harvard 
University, Boston. 

A nucleotide containing diaminopimelic acid (DAP) 
and tentatively assigned the structure UDP-GNAc- 
lactyl-L-ala-D-glu-meso-DAP-D-ala-D-ala has been iso- 
lated from E, coli (Strominger et al., Federation 
Proc., 18, 334 (1959)). In the present studies, 
four uridine nucleotides have been isolated from E, 
coli K235, Each contains one mole of uridine, two 
moles of phosphate and one mole of 3-0-lactyl ether 
of N-acetylglucosamine (N-acetylmuramic acid). In 
addition, nucleotide I contains 2 ala, 1 glu and 1 
DAP residues per mole of uridine, Nucleotide II 
contains 1 ala, 1 glu and 1 DAP. Nucleotide III 
contains 1 ala and 1 glu and nucleotide IV contains 
no amino acids, No evidence was obtained for more 
than 2 moles of ala per mole of glu or uridine in 
any of these nucleotides, Nucleotide I may represent 
the "complete nucleotide” in this strain of E, coli 


while the other three nucleotides are probably Inter- 
mediates in the formation of I, 











Immunology 


STUDIES ON CYTOLYSIS: ROLE OF NUCLEIC ACIDS. P. Fluss*, 
and * Institute of Applied 


BR, Willheim . 
Biology and Fairleigh Dickinson University, Teaneck, N.J. 
In the process of destruction of ascites tumor cells by 
serum and certain chemically defined substances, such as 
nicotinic acid and in particular prochlorperazin, evidence 
has been found that the process is initiated by an attack on 
the nucleic acid system, involving both nuclear DNA and 
cytoplasmic RNA. This evidence is borne out by the 
destructive influence of nucleases and the preserving 
influence of nucleotides, especially A5MP, (Federation 
proceedings 1960, Vol. 19, No.l, page 79) as well as by 
histochemical studies using Pappenheim's and FEulgen's 
stains, together with a quantitative evaluation of nucleic 
acid alteration with fluorescence microscopy. 
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OPTICAL ROTATORY DISPERSION AND SPECTRAL PROPERTIES OF NUCLEIC 
ACIDS. P. Ts'o, G. Helmkamp* and C. Sander*. Calif. Inst. of 
Tech., Pasadena, and Univ. of Calif., Riverside, California. 
A systematic survey of [a] and absorbancy (Emax) of nucleo- 
tides, poly A, poly C, poly U, RNA and DNA in buffers and for- 
mamide has been made. Results indicated two classes of inter- 
actions of the monomeric units in the polymers. 1) Primary 
Structural Interactions. This describes the interaction of 
neighboring monomeric units in a chain having only primary 
structure, i.e., in pApA and poly U, or nucleic acids in form- 
amide. Compared to monomers, polymers in this state showed 
10% decrease of Engy and 10-30% more positive [a]. 2) Second- 
ary Structural Interaction (SSI). This causes up to 45% de- 
crease in E,,, and a large increase in positive rotation, up 
to 10 times its original absolute [a]. The use of Ala] (i.e., 
[a]poi1ymer - []monomer) in @ single term Drude plot led to a 
straight iine with constants A 4 and Kn: Comparison of Ky of 
a polymer under varied conditions (t, pH) indicated the rela- 
tive extent SSI. The change in hypochromicity (QE,,,) pro- 
vided another measure of SSI. Comparison of these two sets of 
SSI values showed that A[a] was more sensitive than AEma, to 
ordered seccniary structure. In addition we will also report 





of 
o1 


the interact on of poly A with uridine or thymidine, as indi- 
cated ty the observed lowering of T,. (Supported in part by 
@ grant fro the U.S.P.H.S.) 


Biochemistry 


FORMATION OF PURINES UNDER POSSISLF PRIMITIVE FARTH CONDITIONS 
J.Oro! M™iversity of Houston, Houston, Texas. 

Amino acids and their amides can be synthesized under the re- 
Gucing conditions suggested by the theories of Oparin and Urey 
for the primitive Earth environment. (Miller, J.Am.Chem.Soc.77, 


2351; Oro’ et al.,Arch. Biochem. Bioohys.85,115).In both of these 


syntheses hydrogen cyanide wes found to be an essential inter- 
mediate. It has now been found that adenine and certain purine 
precursors can also be synthesized from hydrogen cyanide. An 

aqueous ammoniacal solution of hydrogen cyanide was heated at 


70° for several days, the black polymer of hydrogen cyanide re- 


moved and the red-brown solution analyzed by ion-exchange and 
paper chromatography. Adenine was identified by the Gerlach- 
Déring and Woodhouse methods, the ultraviolet spectra and the 
melting point of the picrate derivative. The adenine yield of 
less then 0.1% could be increased by acid treatment of the re- 
action product (Ord, Biochem. Biophys.Res.Com.?,l07). Other com- 
pounds identified include formamidine, );-aminoimidazole-5-car- 
boxamidine and )-aminoimidazole-5-carboxamide. The following 
mechanism is proposed for the geochemical synthesis of adenine 
(and other purines): . ( ) 
3 HCN + aminomalononitrile £oxmamidine(-NH3), )aninoimidazole- 





S-carboxamidine formamidine (-NH3), adenine. Supported by 
Grant G-13117 from the National Science Foundation.) 
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Biochemisny 
ON THE REACTION OF HYDROXYLAMINE WITH DNA COMPONENTS. o 
Ekkehard Bautz* and Ernst Freese*. Univ. of Wis., Madisca, 
Wis. 5 
Hydroxylamine was recently found to cause high mutation — 
rates in phage Th (Freese et al., J. Mol. Biol. 1961, ir 
press). Studies on the induction of reverse mutations shy 
a high specificity of this agent and suggest that it reacts 
with only one base or base pair in DNA. The nucleic acid 
bases, some of their derivatives, and their nucleosides wp 
treated with 1M hydroxylamine at pH 7.5 and 37°C. The $ 
reaction rates were followed measuring the decrease in opti. 
cal density at the UV-maxima of the bases. A strong reactig 
was observed with cytosine, uracil, their ribosides and the 
derivatives 5-bromouracil and 5-bromocytosine. A weaker 
reaction was found with 5-hydroxymethylcytosine whereas no 
reaction could be detected with 5-methylcytosine, thymine 
pseudouridine and the purines. The decrease of the optical 
density can be reversed by low pH in the case of cytosine 
and its deoxyriboside, with a reaction rate which depends 
linearly on the hydrogen ion concentration. In contrast to 
the action of hydrazine, treatment by hydroxylamine leaves 
the pyrimidine ring intact. The detailed chemical changes 
which are the cause of mutations will be discussed. 
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Biochemisty 
FOUR-STRANDED DNA AS DETERMINED BY X-IRRADIATION. 
L. F. Cavalieri, R. Finston* and B. H. Rosenberg*, 
Sloan-Kettering Institute, New York. 

We have determined the number of strands in DM 
molecules from various sources by observing the m 
lecular weight decay caused by x-irradiation. The 
results were similar to those obtained previously }j 
DNase II action. Electron microscopy has also sh 

‘| 

















that, for pneumococcus DNA, the mass/length ratio 
that of a 4-stranded molecule. X-irradiation of & 
DNA (0.1 mg/ml) was carried out at doses of 500 C0 | 
5000 R and the molecular weights were determined y 
light scattering. Plots of log [(1-R)/R] vs. log” 
dose yielded straight lines whose slopes (which yn 
the number of strands per molecule) were 1.6, 1.5” 
and 3.2 for calf thymus, sea urchin and pneumococ 
DNA, respectively. The values from DNase Kinet 


were 1.7 for calf thymus and 4.2 for pneumococcus” 
DNA. The lower values in the x-ixredietion | 
ment are to be expected, since degradation by pr 
is partially non-random due to the occurrence of | 
radicals in clusters. Thus the x-irradiation 8 
confirms the conclusion reached previously from em 
zyme kinetics and electron microscopy that pneumo- 
coccus DNA is 4-stranded. 












Biochemistry 


SOM EFFECTS OF PANCREATIC DEOXYRIBONUCLEASE ACTION ON THE 
SPECTRUM OF CALF THYMUS DEOXYRIBONUCLEATE. Lew poe 
Dept. of Anatomy, Marquette University School 0: cine, 
Milwaukee, Wisconsin. 

Read at pH 5.0, the absorbancy of DNA may be increased 
throughout its spectrum by depolymerization. Near neutrality, 
however, there is a change in the shape of the spectrum, rathe 
than a uniform hyperchromicity. While Az6y is increased, the 
absorbancy at the long-wavelength limit, in the vicinity of 
300 millimicrons, is not increased, and may even be decreased 
significantly. (Supported by a research grant, C-2126, from 
the National Institutes of Health, Public Health Service.) 
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Biochemistry 


DENATURATION OF CHICKEN ERYTHROCYTE DNA BY FORMALDEHYDE, 

GLYCOL AND GLYCEROL. RENATURATION BY DILUTION. Edward L. 

ie an and Stuart L. Bunch*. Univ. of California School of 
ation pe oan Francisco. 

in the three denaturants listed above are able to open the 

3 show goukle chain structure of chicken erythrocyte DNA and of calf 
reacts. thymus DNA. The extent of denaturation has been followed by 
acid JV. absorbance values. Ethylene glycol (95% v/v) is the 

8 Wn B referred denaturant since a relative absorbance (R.A. ~1.52) 
, is obtained at room temperature which neither rises nor lowers 
1 Optis Harter heating. Glycerol (R.A.~1.45) is unable to open the 
peactin B yy structure to the extent shown by glycol, even after 10 

MA their Bain, at 100°. Certain effects of pH and ionic strength will 
cer be described. Renaturation is obtained by dilution with 

4S NO BH aqueous mlar sodium chloride. (Supported by American Cancer 
ine = Bsciety Grant P172 and USPHS Grant C2287). 





Biochemistry 


FREQUENCY OF NUCLEOTIDE SEQUENCES IN DNA. Js He Spencer - 
and Erwin Chargaf e Colle of Pe & Se; Col ia Ve, New 
York, NeYs 

Hydrolysis of DNA (O+l M HoSO),, 30 mine, 100°) releases 
the pyrimidine nucleoside 3',5'-diphosphates and the phosphor— 
ylated pyrimidine oligonucleotides that were flanked by 
purines in the DNA chain. By fractionation on DEAE-cellulose 
ad elution with a LiCl gradient (pH 5) the nucleotides were 
separated in order of increasing chain length. The pooled 
fractions thus obtained were then subjected to two-dimensional 
paper chromatography (I. iso propanol-NH3; II- iso butyric 
wid-WH3) and the pyrimidine oligonucleotides up to the penta- 
meleotide level isolated and characterized. These, together 
with the free purines and the exiguous amounts of longer 
meleotide runs also eluted, account for better than 97% of 
the DNAe Almost all possible combinations of pyrimidine 
meleotide units have been isolated, in the case of rye germ 
DM also those comprising 5-methylcytosine. The identified 
wits include dithymidine triphosphate, trithymidine tetra- 
phosphate and tetrathymidine pentaphosphate. A quantitative 
study requires no more than 20 mg DNA- Detailed aspects of 
this study and its bearing on the problem of the nucleotide 
arangement in DNA from various sources will be discussed. 





hemistry Biochemistry 
THE THE CHEMISTRY AND ANTIGENICITY OF DNA, Lawrence Grossman, 
re David Stollar* and Katherine Herrington.* Grad. Dept. of 
— Hochemistry, Brandeis Univ., Waltham, Mass. 

“ The structural requirements for the reaction of heat-dena- 
ail tured DNA with homologous antibodies and those antibodies 


rality, Present in the sera from lupus erythematosus patients have 
been examined, Investigations by combined chemical, enzymo- 
4 the logical and immunological techniques were employed, Extended 
‘2 boiling of phage DNA at pH 7 resulted in both a loss of 
y purines and a decrease in molecular weight, A decrease in 
— atigenicity was associated with these structural changes, 
Sonication of phage DNA also resulted in marked molecular 
wight changes and a loss of much of its antigenicity, For- 
midehyde did not significantly influence the antigenicity 
of phage DNA with homologous antibody but it increased the 
‘ntigenic response with lupus erythematosus antibody, From 
these results and those obtained by spectrophotometric, 
‘zymic,ultracentrifugal and other chemical studies, it has 
ben possible to postulate a molecular configuration for 
teat-denatured and renatured DNA. 











Biochemistry 


A NUCLEASE FROM MJNG-BEAN SPROUTS. aa Sung" and M, 
Laskowski, Sr. Biochemical Laboratory for Cancer arch, 
Tarquette Univ. School of Med., Milwaukee, Wis. 

Masui et al. (B.B.Acta 30, 215, 1958) reported the presence 
in soy bean of a DNase capable of liberating purine monom- 
cleotides. A similar enzyme from Mung-bean sprout has now 
been purified about 500-fold by fractionation with ammonium 
sulfate between 60 and 80% saturation, fractionation with 
ethanol between 50 and 75%, at pH 5.0, and chromatography on 
a DEAE cellulose column. The enzyme thus obtained contained 
only traces of phosphodiesterase (measured with the calcium 
salt of di-p-nitrophenyl phosphate) and of 5'-nucleotidase. 
However, it had a pronounced action on RNA. Among the 
products of hydrolysis of thymus DNA all four 5'-nucleoside 
monophosphates were found but in different relative amounts: 
pA = 100, pT = 28.2, pC = 9.2, pG = 1.9. Total mononucleo- 
tides accounted for about 10% of the DNA digest. The compo- 
sition of dimcleotides and higher oligomcleotides is being 
studied in respect to sequence. (Supported by grants from 
the American Cancer Society and the Atomic Energy Commission. ) 


Biochemistry 


ISOLATION AND CHARACTERIZATION OF DROSOPHILA DNA. C. G. Mead* 
and A. S. Fox*. Mich. State Univ., East Lansing, Mich. 

DNA was isolated from lyophilized flies by a modification 
of the Kay, Simmons, and Dounce procedure. Approximately 2 mg 
of DNA was recovered per gram dry weight of flies. The isolat- 
ed product had an E(P) of 6930, exhibited a 20% increase in 
O.D. at 260 m upon alkaline denaturation, was unusually low 
in viscosity, and contained no measurable RNA and <1.0% pro- 
tein. Upon precipitation with cold ethanol, two types of DNA 
were observed: fibrous and flocculent. Paper chromatograms 
of perchloric and formic acid hydrolysates of the whole DNA 
exhibited an exceptional UV-absorhing spot, identified chrom- 
atographically and spectrophotometrically as 5-methylcytosine. 
The fibrous and flocculent fractions exhibited significantly 
different molar ratios of 5-methylcytosine to thymine (0.165 
and 0.234 respectively). Ion-exchange chromatography of phos- 
phodiesterase digests of whole DNA yielded five UV-absorbing 
peaks, identified as the 5'-deoxyribonucleotides of 5-methyl- 
cytosine, cytosine, thymine, adenine, and guanine. Their re- 
spective molar concentrations, as calculated from molecular 
extinction coefficients at 260 m, were as follows: 0.79, 1.63, 
2.78, 2.76, and 2.47. Thus, about 30% of the total deoxycyt- 
idylic acid was deoxy-5-methylcytidilic acid. (Supported by 
Grant No. C-2440 from the National Institutes of Health.) 


Biochemistry 


Factors Controlling the Reversibility of DNA Denaturation. 
E.P.Geiduschek, Committee on Biophysics, Univ. of Chicago. 

> ferent, types of DNA denaturation reversibili- 
ty can be observed. One process occurs rapidly, even in hetero- 
geneous DNA samples, upon tial denaturation (I). We cannot 
interpose any kinetic barrier against this process. The other 
slower process (II, "renaturation" +) necessitates overcoming 
relatively formidable kinetic barriers to the reversal of com- 
ete denaturation. Thermal denaturation experiments on viral, 

ial and animal DNA's in low ionic strength aqueous buf- 
fers, concentrated Na » and water-alcohol mixtures, all 
show type I denaturation reversibility, even when type II re- 
versibility is blocked. These, and auxiliary experiments with 
sonically and enzymatically degraded DNA suggest that: a) Type 
I reversibility in a single molecular species occurs even 
after disordering 95% of the purine-pyrimidine pairs. Reestab- 
lishment of the ordered secondary structure occurs rapidly 
around residual "nuclei" of the original configuration. b) Nu- 
clei comprise only a small fraction of purine-pyrimidine pairs. 
Their additional stability, relative to the rest of the second- 
ary structure, varies with the source. c) There are sever- 
al such nuclei per molecule of 104 nucleotide pairs. 


2 J. Marmur and D. Lane; P. Doty, J- Marmur, J. Zigner and 
C. Schildkraut. Proc. Nat. Acad. Sci. 46s453, 461 (1960). 











Biochemistry 


Nearest Neighbor Sequences in Various B's - Morton 
Swartz*, Thomas Trautner*and John Josse*. Dept. Biochem., 
Stanford University, Palo Alto, California. 

The nearest neighbor sequence frequencies of various DNA's 
were determined using as primer natural DNA's from animal, 
bacterial, and viral sources, as well as enzymatically synthe- 
sized DNA. The following conclusions are drawn: (1) When 
enzymatically synthesized DNA (thymus DNA-primed) was it- 
self used as primer, the frequencies found were indistinguish- 
able from those obtained with the original calf thymus DNA; 
(2) The frequencies found for the virulent coliphages T2, T4 
and T6 are indistinguishable from one another, but are unlike 
those of E, coli; those of temperate coliphages \ and \dg are 
identical with those of the host; (3) DNA's with identical base 
composition, for example those of calf thymus and B, subtilis, 
can have distinctly different nearest neighbor frequencies. 
Extension of the technique for sequence analysis to other DNA's 
including those from various tissues of a given animal 
species is under way. 


Biochemistry 
Hybrid Molecules, Containing Strands of dAT and dABrU, 
Formed Both by Enzymatic and Physico-Chemical Means. 
R,L,. Baldwin, R,B. Inman* and R. G. Wake*. Dept. Biochem., 
Stanford University, Palo Alto, California. 

The DNA polymerizing enzyme from E.coli can cause the 
formation of a long, regularly alternating copolymer of aden- 
ine and thymine (dAT)(Schachman, etal., J. Biol. Chem. 235: 
3242, 1960) or of adenine and bromuracil (dABrU). Hybrid rid mol- 
ecules, which are easily observed by density gradient centri- 
fugation, have been formed enzymatically by using dAT as a 
primer with the deoxynucleoside triphosphages of A and BrU 
as substrates. Strand separation, judged by density gradient 
sedimentation, does not occur in the enzymatically formed 
hybrids at a time when melting has taken place, as judged by 
optical density. The reasons for this are being studied. Phys- 
ically formed hybrids can be obtained by heating a solution of 
dAT and dABrU above the melting point, provided the rate of 
cooling is slow, the concentra-| T---A reas ++A T--- 




















tion is high, and a solvent is A:-++T A---BrU A-- aun 
used in which the two melting T---A BrUe+-A Te+eA 

points are the same, A-+--T A..-BrU A---BrU 

dAT dABrU_ "hybrid" 

Biochemistry 


DENSITY GRADIENT CENTRIFUGATION OF DNA FROM NORMAL MOUSE TIS- 
SUES AND TUMORS. Saul Kit. The University of Texas M.D. Ander- 
son Hospital and Tumor Institute, Houston, Texas. 

When DNA preparations from: 1)normal mouse liver, brain, or 
lung, 2)the Ehrlich or the Lettre-Ehrlich carcinomas, or 3) 
strain LM tissue culture cells are centrifuged in a CsCl den- 
sity gradient, skewed bands are formed with mean buoyant den- 
sities of about 1.705 gcm™3. A trace band of "lighter" DNA is 
also observed. The mean buoyant densities of the major bands 
correspond to that predicted from the DNA base ratios. The 
band widths, expressed in density units (do), are in all cases 
about 0.005 gca” The upper bound on the standard deviation 
of the distribution of the guanine-cytosine base pair (dc ) 
over the population is 0.05. The band width may be ascribed to 
the combination of two factors: 1)heterogeneity of composition 
and 2)the thermal motion of the population of DNA molecules of 
various molecular weights. Previous investigations have shown 
that the DNA's from the above tissues are similar with respect 
to the chromatographic elution profiles and optical density- 
temperature curves. Hence, the present study supports the 
earlier conclusion that most of the DNA molecules from these 
tissues are similar with respect to the range of heterogeneity 
of composition or size. (Supported by Grants from the Leuke- 
mia Society, Inc., the American Cancer Society, and the Nation- 
al Cancer Institute). 
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Biochemisiy 
The Reaction of Nitrogen Mustard (HN2) with DNA. RJ. du 
J. Jones*, W.J. Steele* and C.C. Price, Harrison Lab. ¢ 
Chenistry, Univ. of Pennsylvania, Philadelphia, Pa. 
Previous stucies of the reaction of chloroquine mustard 
(CQM) with DNA have shown that alkylation occurs predominaniy 
with the heterocyclic nitrogens of the purine and pyrimiding 
bases, and is accompanied by an accelerated formation of 
second cyclic immonium ion. In current studies of the re. ~ 
action with C 1-i!IN2, at compareble concentrations, only 20% 
as much alkylation takes place and there is no obvious 1 
kinetic effect. At the highest ratios tested, 1; moles C I. # 
IN2/ mole DNA "Plt, there is some alkylation of pyrimidin 
at lower ratios the complete release of the purines by mild 
acid hydrolysis simultaneously releases the 0.1 = 0.2 moles 
of C Us-lIN2 bound per DNA nucleotide. This degree of alkyla. 
tion labilizes the riboside linkage and destabilizes the Di 
molecule. Although alkylation of guanine could account for 
the ooserved results, neither spectroscopic nor chromato- 
graphic evidence as yet excludes adenine as a reaction site, 
The comparative behavior of COM and HN2 suggests the order 
of reactivity for CQM as DNA SN“> CQM> DNA-PO -, 
or H,0, and for HN2 as HN2> DNA, SN“ DNA- PO3¢-, 
or 0. 
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‘ Nutrition 
THE DISTRIBUTION OF ABSORBED Sr®5 AND Ca't5 AS INFLUENCED BY 





LACTOSE. F, W. Len and C. L. Comar. Dept. Physical 
Biol., N.¥.S. Vet. Coll., Cornell Univ., Ithaca, N.Y. 





Studies on the ~  jpiewes and subsequent deposition in 
bone of Sr85 and Cat) injected into ligated sections of ‘= 
intestine of the rat showed that: (a) more Ca 
- ‘5 was absorbed from the intestine; (b) copes 
first four hours, significantly more of the absor' 
then CaS was deposited in bone; (c) injection of 
lysine, or glucose anode the ag along with the alkaline ~ 
earths caused the a ye 
same rate as the Sr°>, hh adeeomaan ok sede : 
absorption of both radionuclides; these observations did not 
hold for the duodenum or jejunum, confirming differences in” 
mechanism among the sections of the small intestine; (d) — 
tentative explanations are suggested, the most plausible on 
being that calcium is bound as it is absorbed from the small 
intestine and that the presence of lactose in the intestine 
inhibits the production of the bound form. (Supported by a 
grant from A.E.C. (contract no. AT(30-1)-2147), 
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RAPID SEPARATION OF ADENOSINE NUCLEOTIDES, AND NUCLEOTIDES 
AND NUCLEOSIDES FROM RNA, N. G. Anderson, M. L. Barber,* and 
Sister Francis C. Ladd,* Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tenn.; University of California, los 
Angeles; and Catholic University, Washington, D. C. i$ 
For the determination of ATPase, and apyrase activity in 
muscle and other tissue extracts a rapid method for determin 
ing adenine, AMP, ADP, and ATP is required. At 60°C a 
0.9 X 15 cm Dowex 1 X 8 colum and a 50 ml gradient starting 
with 0.015 N HCl in 0.2 N NaCl and grading linearly into 
0.25 N CaClo in 0.1 N HCl gave separations in as little as = 
seven minutes. Separations are continuously monitored at om” 
or two wavelengths using monochromatic ultraviolet light. ~ 
Clean separations of all eight mononucleotides found in RWA = 
alkaline hydrolysates have been achieved in eight hours using 
hydraulically sized Dow 1 X 8 resin, temperature of 60°C, 
and 0.8 M sodium acetate at pH 4.4. The same system at 25°C" 
will separate the four bases and nucleosides from RNA. ‘The # 
relations between flow rate, temperature, resin size, pH, ~ 
buffer composition and ionic strength will be discussed. eat 
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Biochemistry 
gn OF NUCLEOTIDES VII. CONFORMATION OF DEOXYRIBOSE IN 





Bowne. Christine D. Jardetzky*. Biological Laboratories, 





vrvard Unive, Cambridge, Mass. 





stand “ Gomplete analysis of the high resolution nuclear magnetic 
ominantly resonance (NMR) spectra due to the seven stable hydrogens on 
imiding Hine deoxvribose ring indicates that both 0 and C,' are dis- 
Of the Bi ieced in opposite directions from the plane of the other 
> Te- bares ring atoms, The predicted dihedral angles between the 
ug 205 Brerious pretons are: H,'H,' = 150°, Hy'H," = 30°, H'Kp' = 5°, 
+ C te tH” = 25°, H3'H)' = 130°, The average spin coupling con- 
i“. stents celcvlated from these angles are: Jyr2t,2" = 4.5 cps, 
> ni 1, 
moles [:!.21,2" = h.8 cps, J31_)1 * 306 eps and Jurist gn = .3 eps 
tela (yn gr gm is calculated theoretically by assuming equal prob- 
: > 
it for bility for the three staggered conformations of CHj0H rela- 
to- ive to Hy, 'C '). The spin coupling constants measured by fit- 
| Site, Biting the odrved spectra are equal to 7.1, 5.2, 3.5 and h.7 
rder s respectively. (Supported by a Specia] Fellowship from the 
~ 1H, bublic Health Service, by a grant (H-3169) from the Public 
- NH Wealth Service and by a-grant (G9116) from the National 

science Foundation. ) 
Vutriton Biochemistry 
=> COMPOUNDS OF ADENOSINE TRIPHOSPHATE WITH FERRIC IRON. 

- Charles R. Goucher* and J, F. Taylor, Biochemistry Department, 
in tniversity of Louisville School of Medicine, Louisville, Ky. 
t the The interaction of adenosine triphosphate (ATP) and ferric 

iron has been studied with a view toward determining the com- 
by. _ Ef position of definite compounds, Such compounds have been dem- 
i mstrated spectrophotometrically. One molecule of ATP reacts 
vith one atom of ferric iron to form a 1:1 compound, which can 
“we be isolated easily because it is relatively insoluble in the 
- region of pH 1 to 3, This compound accompanies ATP in extracts 
.- be of human red blood cells and remains on a Dowex 1 chloride 
id not column when ATP is eluted with 0.5 M NH,Cl, thus simulating an 
unidentified nucleotide, It can be eluted with 1M HCl. Study 
*) = of the participation of this compound in kinase reactions is 
le complicated by precipitation in the presence of magnesium 
bo ions, Additional compounds with 2 and 3 molecules of ATP with 
ot me atom of ferric iron have been demonstrated spectrophoto- 
per wtrically. Both appear to be less strongly associated than 
ws the 1:1 compound. The 2:1 compound is paratively soluble 
inthe acid pH range. Combinations of iron with other nucleo- 
tides and of these iron-ATP compounds with nucleotides, 
proteins and other substances are being investigated further. 
Biochemistry 
DES 
,* and ADENOSINE MYONIC ACID DINUCLEOTIDE (AMD), A NEWLY 
tional go NUCLEOTIDE FROM RABBIT MUSCLE. D.P. de copure"s 
los +H. Mosley*, L. Poyer* and R. tto. Okla, . Res. Inst. 
Bs. - of Bioc m., Univ. o a. School of Med., Okla. City, 
y a, 
sie: Myonic acid (MA) designates the unknown component of a dinucleo- 
ting "tof adenosine previously reported (J. Am. Chem. Soc. 80, 4746, 
) 1938). MA was obtained from the nucleotide by acid or alkaline hydrol- 
as iil; @ spectrographic and chromographically identical compound was 
at ont fide found free in the muscle extract. Samples recrystallized 7 times 
se towed the following onalytical data: Melting Point: 333-335°C 
ee (acomp.); Elemental Composition (%): Analyzed: C,56.0;H,3.5; 
ua BN 4.8 Calculated for CoHgN203: C,56.8;H,3.1; N, 14.7. Molecular 
25¢0. tight (acid equivalent): 191-194, Calculated: 190. Hz Uptake 
The manometer, Pt catalyst): 4.2 for a molecular weight of 190. 
3 Te U.V. spectrum has peaks at 318,250 ahd 225 my in neutral solution 
). The peak at 318 shows a bathochromic shift at both alkaline 
td acid media. MA gives pink color with FeCl3 and uptakes | acety! 
twp per acid equivalent. It decarboxylates at 280-300°C. The NMR 
fectrum shows 4 protons attached to the aromatic ring. The hypothesis 
fat MA is a naphthyridine derivative will be discussed. The technical 
wistnce of Mr. A. Dement is acknowledged. 





; uae tae 













Pathology 


SEPARATION OF ADENOSINE, INOSINE, THEIR 5'-(MONO-), (DI-), 
(TRI-) PHOSPHATES, AND THEIR BASES (ADENINE, HYPOXANTHINE) BY 
ONE-DIMENSIONAL PAPER CHROMATOGRAPHY. Albert Aras,* Milton 
Becker,* Arnold Brown* and George Hass. Div. of Path., 
Presbyterian-St. Luke's Hospital, Chicago, Illinois. 

Up to 0.02 micro-moles of each of these ten compounds have 
been separated from a mixture by one-dimensional descending 
paper chromatography in 24 hours at 32 7 2° C on 1"-9"x22" 
S&S 589 Orange Ribbon filter paper wind 70 ml of isobutyric 
acid - 1N NH,OH - 5 N NaOH - 0.1 M Naz EDTA - tetrahydrofur- 
furyl alcohol (100:50:7.5:2.5:40) per teenth; and 400 ml of 
same solvent on the bottom of the chromatography jar for 
complementary atmosphere formation. Average Rf-values (7 
different experiments): ITP, 0.128; IDP, 0.185; ATP, 0.2h6; 
IMP, 0.298; ADP, 0.353; AMP, 0.507; inosine, 0.582; hypo- 
xanthine, 0.633; adenosine, 0.805; adenine, 0.860. Similar 
separation has been achieved by 40 hour - ascending paper 
chromatography. Excess chloride ions in samples should be 
removed by silver nitrate precipitation or charcoal treatment 
before chromatography. The procedure is quantitative and 
useful in study of extracts of small amounts of tissue. 
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Physiology 
THE BASE COMPOSITION AND TRANSITION TEMPERATURE OF AMINO 
ACID ACCEPTOR RIBONUCLEIC ACIDS. Mario A. Harinds( Intr. by 
S. Freeman) Dept. of Biochem.,Northw.UniveMed. School, 
Chicago, Ill. 

Amino acid acceptor ribonucleic acids which are believed 
to transfer amino acids from the activated enzyme complex to 
a ribonucleoprotein template during protein biosynthesis are 
currently considered to be a mixture of similar ribomucleic 
acids, each of which is specific for a given amino acid. The 
nature of the specificity can be a function of the structural 
dissimilarities, which, if known, would give some insight 
into nucleotide mediated information transfer. Holley, Apgar 
and Doctor, Ann.N.Y.Acad.Sci., 88, 745(1960) have successfully 
separated the ribonucleic acid mixture by countercurrent dis- 
tribution into fractions possessing activity for various 
amino acids. The base composition of the fractions from 
these studies have been obtained. The tyrosine acceptor ribo- 
nucleic acid fraction had a base composition in the order 
of CyA,U,G3 25.1, 22.5, 22.0, 30.5 while alanine acceptor 
ribonucleic acid had 28.3, 16.2, 19.3, 36.2. These differ- 
ences were checked by a study of the transition temperatures 
of the fractions. While there are some small variations in 
the transition temperatures of the various fractions, there 
does not appear to be any relationship to the base com- 
pesition. 


Biochemistry 


AMINE-CATALYZED HYDROLYSIS OF PERIODATE-OXIDIZED NUCLEOSIDE 
RESIDUES: APPLICATION TO RNA SEQUENCE ANALYSIS AND 5' NUCLEO- 
TIDE CLEAVAGE. Waldo E. Cohn and J. X. » Biology Divi- 
sion, Oak Ridge Nati ratory Ga Rides, Tenn. 
Following the demonstration by Khym and Cohn (J. Am. 
Chem. Soc., in press) that periodate-oxidized ribonucleosides 
form bis-phenylhydrazone derivatives that are mich more labile 
to acid cleavage than either the original nucleoside or the 
oxidized nucleoside, the characteristics of the reactions of 
various amine compounds and alkaline agents with periodate- 
oxidized 5' nucleotides have been explored. Evidence for com- 
plex formation and the expected Schiff base formation has 
been obtained, but of immediate practical interest is the 
lability of the 5'-phosphate bond in these addition products. 
At pH values below 8, this bond is cleaved rapidly at room 
temperature by the addition of an amine, buffered at the 
appropriate pH (7-8), to the periodate-oxidized residue. 
This reaction has been applied to a) free the 5'-phosphate as 
Py, b) free the 3 P's of ATP as a linear triphosphate, c) 
remove the end nucleoside residue of an RNA polymcleotide. 
The quantitative nature of the cleavage makes the simple 
procedure of periodate oxidation and amine addition suitable 
for analytical or separation requirements, and for sequential 
removal of nucleoside residues from RNA. 








Biochemistry 
STUDIES ON PARTIAL PANCREATIC RIBONUCLEASE 
DIGESTS OF RIBONUCLEIC ACID FROM YEAST AND FROM 
TOBACCO MOSAIC VIRUS. George W. Rushizky*, 
Laboratory of Biochemistry, National Cancer Institute, 
N.1LH., Bethesda, Md. 

Incomplete and complete enzymatic digests of 
Ribonucleic Acid from yeast and tobacco mosaic virus were 
examined by a 2-dimensional mapping procedure for oligo- 
nucleotides (Rushizky and Knight, PNAS 46, 945 (1960)). 

It was found that 1) oligonucleotides containing one or more 
purines and the terminal pyrimidine appear earlier than the 
pyrimidine homonucleotides themselves, 2) with the latter, 
cytidylic acid was released sooner than uridylic acid, 

3) in both, 1) and 2), the cytidylic acid compounds were 
converted from the 2'-3' cyclic intermediates to the 3' 
phosphates at a faster rate than the corresponding uridylic 
acid compounds. 


Biochemistry 

ON THE FRACTIONATION OF S-RNA FROM E. COLI, Arthur Saponara* 
and Robert M, Bock, Dept. of Biochemistry, Univ. of Wisconsin, 
Madison 6, Wisconsin 

Partial purification of S-RNA specific for a particular 
amino acid has been accomplished in several laboratories. The 
method employed by us is quite similar to the former proce- 
dures in that it utilizes an amino acid activating enzyme's 
ability to esterify a species of S-RNA, thus protecting it 
from periodate oxidation of the gem diol system at the 3° end 
of the molecule. S-RNA was prepared from a 105,000 g super- 
natant of E. coli (ML 308) by a modification of the Kirby 
phenol procedure and was denuded of endogenous esterified 
amino acifis by a pH 10 treatment. The RNA was relabeled with 
valine-C~” making use of a partially purified valine activat- 
ing enzyme also from E. coli, then treated with periodate at 
pH 5.0, and precipitated with 2 volumes of 95% ethanol at 
-10° C, The RNA was then added to a phenylhydrazine resin 
prepared from p-amino benzyl cellulose by diazotization and 
reduction with 5% NaBH,. The incubation was allowed to pro- 
ceed for 2.5 minutes at 37° C., pH 4.5, The resin was then 
rapidly removed by filtration through a fine sintered glass 
filter. The filtrate contained RNA of a higher specific 
activity. We will describe theoretical and experimental 
limitations of use of the relative increase in specific activ- 
ity as a criterion of approach to a homogeneous species of RNA, 


Biochemistry 


A PROCEDURE FOR THE ANALYSIS OF COMPONENTS OF &JBONUCLEIC 
ACIDS, Stanislaw L. Mrozek and Frank Worthington Allen. 
Univ. of California School of Med., San Francisco. 

In connection with the recent discoveries of many new 
trace components of ribonucleic acids, a method has been de- 
veloped which gives a general approach for the determination 
of the major as well as the trace components. 

The hydrolysis of ribonucleic acids with La(OH), at 
80-90° and pH 9.0 for a period of 48 to 60 hours yields 
approximately 95% nucleosides. Independent of the source of 
the ribonucleic acids (yeast, wheat germ, or bacteria) a 
difficultly hydrolyzable fraction appears which accounts for 
a maximum of 5% of the total phosphate of the ribonucleic 
acids, The resistant fraction in this instance is composed 
mainly of dinucleoside monophosphates in which one of the 
pentose components may be 2-methyl ribose. The method can be 
applied successfully both to isolated ribonucleic acids and 
to crude biological material and obtain approximately 100% 
recovery of the components of the ribonucleic acids. ‘ee 

The separation of nucleosides from phosphate-containing 
substances is carried out on DEAE-cellulose with ammonium 
formate at approximately pH 5.5 and ionic strength = 0.01. 
Salt is removed by charcoal and the nucleosides are sep- 
arated on a Dowex-1 borate column into four major and certain 
trace component fractions. 
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Biochemistry 


THE CHROMATOGRAPHIC SEPARATION AND CHARACTERIZATION OF 
RIBONUCLEASES IN SPLEEN AND LIVER. MeB. Maver and AsB. Greco, 
National Cancer Institute, N.I.H-, a, Mde : 
When crude and purified tissue preparations were chromato. 
graphed on DEAE cellulose both preparations gave RNase pesk 
activities with optima at pH 5.7 and pH 7e3- There was algo 
an RNase in some preparations with an optimum at pH 6.5.6.7, 
Two enzymatic activities which fractionate closely with the 
RNases on DEAE vellulose were separated by repeated fraction, 
tion on CM celiulosee They were an acid phosphatase and ¢ 
phosphodiesterase which is without RNase activity and hydro. 
lyzes cyclic adenylic acid to 2'-adenylic acid. Analyses of 
the products of hydrolysis of yeast RNA by paper electro. 
phoresis followed by paper chromatography showed that the acij 
spleen RNase has no specificities for purine or pyrimidine 
linkages and also leaves no core, in contrast to the 
RNase. The sulfhydryl dependence of the acid and alkaline 
liver RNase was shown by the inhibitive action of p-chloro- 
mercuribenzoate (CMB) which could be reversed by excess 
cysteine. The purified acid RNase was mich more sensitive to 
CMB than the alkaline RNase. Spectrophotometric assays 
according to Boyer, (Je Amer. Cheme Sooe, 76, 4331 (195k), 
showed that the combination of the SH of the acid RNase prote); 
with CMB was directly correlated in timed reactions with the 
inactivation of the enzyme. 


Biochemistry 


METALS IN TMV-RNA. Warren Wacker*, Milton Gordon and John 
Huff*., Biophysics Res. Lab., Harvard Medical School and 
Peter Bent Brigham Hosp., Boston, Mass., and the Dept. of 
Biochemistry, the Univ. of Washington, Seattle, Wash. 

The infective RNA of tobacco mosaic virus contains signi- 
ficant amounts of metals. In addition to Mg++, Cat+, Fett, 
and Cutt, (Science 125:646; 1957), on the average, TMV-RNA, 
(prepared by phenol extraction) additionally contains (in ug, 
per gm): Sr**6; Bat*23; aAlt**77; cr***11; mn**6; and ni*8, 
The structure of TMV-RNA is stabilized by some of these, as 
is beef liver RNA. (Proc. Natl. Acad. Sci. 46, 10, 1960), 
On heating, the absorbaucy of TMV-RNA at 258 mi increases 
and plateaus at 1.26, expressed as the ratio of the maximal 
absorbancy between 50° and 70° to that at 10°, The maximum 
(A max) of this phase transition is decreased by the addition 
of Crt++, mMnt+, Nit* or Znt*, interpreted to indicate that 
the secondary structure of the molecule is partially pre- 
served by metals of the first transition period. This sug- 
gests that tertiary structure also exists in TMV-RNA and is 
maintained here, too, by intramolecular metal bonds between 
the nitrogenous bases which stabilize the hydrogen-bonded 
secondary structure. The presence of metals in TMV-RNA and 
their effect on the structure of this biologically active 
molecule suggests their role in the conformation-dependent 
function of ribosenucleic acids. 





Biochemistry 


THE RIBONUCLEIC ACIDS OF AMPHIBIAN EGGS. F. J. Finamore* ani 
E. Volkin. Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 

The solubilities in cold sodium chloride of ribonucleo- 
proteins from mature ovarian eggs of Rana catesbieana differ 
markedly from those exhibited by the ribonucleoproteins of 
frog liver and mammalian tissue. Whereas virtually all of the 
ribonucleoprotein of differentiated tissue is extracted in 
cold 0.17 M NaCl, less than 5% of the total ribonucleoprotein 
from these eggs is solubilized in this solution. The remain- 
der of the ovarian egg ribonucleoprotein is extracted along 
with deoxyribonucleoprotein in cold 1.0 M NaCl. ‘The RNA 
isolated from this fraction by detergent and purified by 
alcohol precipitation is unique in that about half of it is 
sOluble in cold 0.5 M HC10),, the remainder being insoluble 
in the acid. The RNA isolated from the ribonucleoprotein 
present in the 0.17 M NaCl extract using the phenol procedure 
and purified by alcohol precipitation is completely soluble 
in cold 0.5 M HClO). ‘The mononucleotide compositions of the 
three different 's are distinct, characteristic of each 
type, and are reproducible. The physical and chemical nature 


of amphibian egg ribo- and deoxyribonucleoproteins is being 
investigated in an attempt to correlate their molecular strut 
ture with their solubility characteristics. 
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Biochemistry 


AIXALINE PHOSPHATASE FROM E. COLI AND ITS USE FOR RNA SEQUENCE 
STUDIES. R. J. Hilmoe” and D. R. Harkness’. Natl. Insts. of 
Health, Bethesda, Md. : 

The phosphomonoesterase purified from E. coli (Garen and 
levinthal, Biochim. Biophys. Acta, 38, 470 (1960)) removed 
nonoester phosphate from 21 compounds tested, including mono- 
nucleotides, nucleoside di- and tri-phosphates, sugar phos- 
phates, PP;, PPP,;, ApAp, and short chain metaphosphate at 
nearly identical rates. Further, K,'s, determined for 11 
substrates, were very similar. Reversible heat denaturation 
of the enzyme has been demonstrated with parallel recovery of 
activity towards 5'AMP, ATP and PP;. With these compounds 
there was a constant ratio of activity during purification and 
no summation of rates at substrate saturation. Increased 
enzyme activity has been observed with the addition of various 
salts at concentrations as high as 0.5 M. Terminal phosphate 
yas removed from small polynucleotides (up to chain length 11), 
and with a many-fold excess of enzyme there was no evidence of 
hydrolysis of diester bonds. However, with the very high 
levels of enzyme needed for complete removal of the terminal 
phosphate from yeast s-RNA, a ribonuclease could be detected. 
This interfered with the use of the enzyme in the Whitfeld 
method for nucleotide sequence determination (Biochem. J., 58, 
390 (1954)) and further purification is being undertaken to 
remove the ribonuclease. 


Biochemistry 


THE INTEGRITY OF HIGH MOLECULAR WEIGHT RNA. W. MOller” and H. 
Boedtker*™ , Chem. Dept., Harvard University, Cambridge, Mass. 
The possibility that high molecular weight RNA obtained 
from E-coli or TMV consists of low molecular weight subunits 
united by divalent cations was investigated. To remove such 
cations, samples were subjected to prolonged dialysis against 
large volumes of 0.001M EDTA or 0.01M Tris buffer, pH 7.5, or 
passed through a cation exchange column (Na Amberlite IR-120). 
No change in sedimentation constant, 8o9,w, was observed when 
TMV RNA was passed through the column, or dialyzed 3-4 days, 
provided sterile conditions were maintained. So. w? for 
E-coli RNA also did not change when passed through the column 
at pH 5.2 where nuclease activity is inhibited, but an 
irreproducible drop was obtained at pH 7. Dialysis of E-coli 
RNA at pH 7 also results in a drop in S00 ws @ variety of 
values being obtained after 3-10 days dialysis. In addition, 
attempts were made to obtain subunits by the addition of a 
protein such as bovine y-globulin, as reported by Brown, 
Ellem and Colter. Instead of subunits, a continuous drop in 
89) yw Was observed at a rate roughly proportional to the 
proteingRNA ratio, 0O.0O1M Mg** inhibits but does not reverse 
the depolymerization. These results are consistent with an 
enzyme induced degradation rather than with the existence of 
re (Supported by U.S.Public Health Grants C-2170 and 
A-2396). 
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Biochemistry 


SYSTEMIC EFFECTS OF TUMORS IN THE RAT. L.R. Cerecedo, 

Sr. J.M. Smith*, end J. Vicente*, Dept. of Biochem., 
ordham Univ., New York, and Dept. of Biochem., School of 
Medicine, University of Puerto Rico. 

In this study the Walker 256 carcinoma and the Jensen 
sarcoma have been used. These tumors cause an increase in 
the concentration of DNA in the liver, spleen, and lung of 
the host. To elucidate the nature of this change, the rate 
of incorpors}ion of thymidine-H3 into DNA, and that of 
adenine-8-C“* into DNA end RNA in tissue slices of: the 
tumor-bearing host has been compared with that in the 
tissues of normal animals. Both precursors are incorpor- 
ated to a greater extent into the DNA of the aforementioned 
tissues of the tumor-bearing animal. On the other hand, 
the. fomr has no effect on the incorporation of adenine 
8-01* into the RNA. A similar comparative study has been 
carried out with high speed supernatants of the tumor, 
and the tissues of tumor-bearing, and normal rats. In 
such systems, which contain soluble DNA as a primer, the 
stimulating effects of the tumor on the incorporation of 
thymidine-H3 into the DNA also manifest themselves. 
(Supported by grants from the National Institutes of 
Health, the Damon Runyon Fund, and the Tobacco Industry 
Research Committee). 
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Biochemistry 
ALTBRATION IN RNA STRUCTURE PRODUCED BY METHIONINE 
DEPRIVATION. Lewis R. Mandel” and Ernest Borek. Dept of Bio- 
chemistry, College of Physicians and Surgeons, Columbia Univ., 
New York City. 

The methionine deficient auxotroph, E. coli K,>5 W.6 accumu- 
lates stable RNA during methionine sta¥FVation. se RNA en- 
riched organisms are uniquely slow in synthesizing protein 
after the restoration of methionine. (Borek, Rockenbach and 
Ryan, J. Bact. 71:318, 1956). To determine if there is any 
relationship between the accumulated RNA and the lag in the 
resumption of protein synthesis the composition of the RNA was 
studied. While there is no appreciable change in the relative 
amounts of the four main base components there is a profound 
change in the minor components of the RNA. The ribosides of 
the three methylated bases, 2-methyl adenine, 6-N-methyl aden- 
ine and thymine, which are normal components of the RNA of 
these organisms are excluded from the RNA accumulating during - 
methionine starvation. Methionine is the precursor of the 
methyl groups of these bases, for in microorganisms grown in the 
presence of C-l4-methyl methionine the methylated nucleosides 
from the RNA are highly radioactive whereas the unmethylated 
bases have minimal radioactivity. Therefore, the deprivation 
of the amino acid produces a shortage of these minor compon- 
ents of RNA. The possible biological significance of the sup- 
pression of protein synthesis by the presence of an RNA of 
altered structure in these organisms, will be discussed. 


Biochemistry 


EFFECT OF ARABONUCLEOSIDES ON GROWTH AND METABOLISM OF E. COLI. 
Libor Slechta.* The Upjohn Company, Kalamazoo, Mich. 

1-f-D-arabinofuranosides of uracil and cytosine (250 pg/ml) 
inhibited the anaerobic growth rate of E. coli in glucose-salts 
medium by 40%. The inhibition could be reversed competitively 
by purine or pyrimidine nucleosides and deoxynucleosides. The 
aerobic growth rate on glucose was inhibited by 38%, while 
growth rates on L-arabinose, D-xylose and glycerol were inhib- 
ited by 72%, 70% and 57%. During the growth of the cells, 
cytosine arabinoside was deaminated to uracil arabinoside and 
further split to uracil. Uridine and deoxyuridine were cleaved 
to uracil by resting cells mich faster than uracil arabinoside 
(confirmation of Pizer, Cohen: J, Biol. Chem. 235, 2387, 1960). 
The endogenous respiration of resting cells was inhibited 60% 
by both arabinosides (5xl0-3 M) and the RQ changed from 0.97 to 
0.80. With glucose as substrate, the oxygen consumption and 
glucose uptake by glucose grown cells were increased 30% by the 
arabinosides. The arabinosides increased similarly the Op up- 
take with uridine as substrate. No effect on the oxidation of 
pyruvate was found, The arabinosides inhibited adaptation of 
washed cells to oxidize lactose and D-arabinose. Oxidation of 
L-arabinose by cells grown on L-arabinose was stimlated 454 
by the arabinosides. Synthesis of uridylic and cytidylic acid 
fram C+*-ureidosuccinate in whole cells was inhibited 50% by 
cytosine arabinoside (1072 M). 


Biochemistry 


EFFECTS OF 5-10DOURACIL AND 5-1ODODEOXYURIDINE ON A PYRIMI- 
DINE“RESISTANT STRAIN OF STREPTOCOCCUS FAECALIS. Hs Gunther*. 
Dept. of Pharmaco!., Yale Univ. Sch. of Med., New Haven, Conn. 

The effects of 5-iodouraci! (1U) and 5-lododeoxyur idine 
(1UDR) were studied on a mutant of S. faecalis 8043 which had 
been selected for resistance to 6-azathymine. The strain ex- 
hibited no apparent alteration in either morphological 
characteristics or folic acid-requirement, although the re- 
quirements for thymidine (TOR) and thymine were increased 6&- 
fold and 2,000-fold, respectively. Addition of Increasing 
concentrations of 1U or IUDR to media containing sub-optimal 
levels of TOR increased turbidity to a maximum of 400%; 
however, neither |U nor |UDR supported growth In the absence 
of TOR. {UDR was about 6 times more effective than IU in 
stimulation of growth. With the parent strain, the lodo-com- 
pounds caused no stimulatory action... Although IUDR is in- 
corporated Into the DNA of both microbial and mammalian sys- 
tems, replacement cannot be the mechanism whereby |1U or UDR 
produce their effects since the total molar concentrations of 
TOR and 1UDR represent less than 2% of the amount of TOR 
normally required for the production of maximal growth In the 
absence of |UOR. Studies are in progress to extend and 
elucidate these observations. 
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Physiology 


DOUBLE TRACERS FOR IN VIVO MEASUREMENT OF DNA METABOLISM. 
SeL. Commerford*, RC. Krueger* and WeL. Hughes, Brookhaven 
National Laboratory, Upton, N.Y. 

The efficiency of utilization of the thymidine analogue, 
iododeoxyuridine (IDU) for DNA synthesis varies at least two- 
fold in individual mice. By the simultaneous injection of 
IDU labeled with 1151 and tritiated thymidine, it has been 
possible to show that this variation is not peculiar to the 
analogues In vivo retention of radioactivities can only be 
used for the measurement DNA metabolism after the iodide re- 
leased by side reactions has been excreted. The simultaneous 
injection of 1153 as iodide and 1131pu permits the determina- 
tion of incorporation in vivo at earlier intervals by correct- 
ing for the residual iodide. Sequential injections of IDU 
labeled with different isotopes of iodine have shown that 
each mouse maintains a relatively constant metabolism over 
at least several hours. This constancy permits the extension 
of this procedure to the investigation of abrupt changes in 
DNA metabolism in individual animals produced by physical or 
chemical treatments. Examples of such effects produced by 
radiation and by antimetabolites will be shown. 

Supported by the U.S. Atomic Energy Commission. 





Biochemistry 


Studies on a DNA Endonuclease from E.coli. I.R. Lehman* 
G. Roussos* and E. A. Pratt™ Dept. Biochem., Stanford 
University, Palo Alto, California. 

While extracts of E.coli show relatively low levels of DN- 
ase activity, this activity can be increased 50-100 fold by 
treatment of the extract with pancreatic RNase and is proba- 
bly identical with the RNA-inhibited DNase reported by Kozloff 
(Cold Spring Harbor Symp. Quant. Biol. XVIII: 218, 1953) and 
Elson (Biochim. et Biophys. Acta 36 : 372, 1959). 300-fold puri- 
fied enzyme is a basic protein, is free of RNA inhibitor, and 
has these properties: (1) It degrades native DNA 8-10 times 
more rapidly than heat-denatured DNA; (2) It carries out an 
endonucleolytic attack yielding acid-soluble oligonucleotides, 
mostly larger than dinucleotides and terminated by a 5'-phos- 
phoryl group; (3) It can be inhibited by added RNA. Inhibition 
studies suggest an instantaneous binding of RNAtothe enzyme. 
An amino acid acceptor RNA preparation from E, coli at 
10°9M inhibits .01 pg of enzyme completely even in the pres- 
ence of 4000 times as much of other basic proteins (i.e. cyto- 
chrome c) added to stabilize the enzyme. High molecular 
weight RNA's from E.coli or TMV are as active as inhibitors 
as acceptor RNA when compared on a molar basis. 
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A 6-OXYPURINE NUCLEOSIDE TRUPHOSPHATE -AMP-TRANSPHOSPHORYLASE 
FROM SWINE LIVER. M. Chi and G. W. E. Plaut, Univ. of Utah 
College of Med., soft Toke City, Uteh. 

The isolation from liver extract of an ATP-AMP transphos- 
phorylase, specific for adenine-containing nucleotides, was 
reported previously (Chiga and Plaut, JBC, 235, 3260 (1960). 
From this source another enzyme has now been purified 150-fold 
which catalyzes the reaction: 


GTP (or ITP) + AMP ——— GDP (or IDP) + ADP 
—_— 


AMP cannot be replaced as a phosphate acceptor by other nucleo 
side monophosphates. ATP, UTP, or CIP will not serve as a 
phosphate donor instead of GTP or ITP. WNucleos ge diphosphoki- 
nase is absent from the preparation, and an IDP?‘-ITP exchange 
is not catalyzed. Reaction will occur, though at reduced rate, 
when one of the reactive nucleotides is replaced by the 
corresponding deoxyribonucleotide, e.g., 


aGTP + AMP —— dGDP + ADP or 
GIP «+ dAMP ——> GIP + dap 


— 
Substitution of both ribonucleotides by deoxyribonucleotides 
results in negligible rates. enzyme requires an added 

metal ion (Mg** or Mn**) for activity. It is insensitive to 
sulfhydryl binding agents, ¢.g., pCMB, Ag*, end N-ethylmalei- 
mide. 
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STUDIES ON THE INHIBITION BY DEOXYRIBONUCLEOSIDES OF THE ~~ 
REPRODUCTION IN CULTURE OF NEOPLASTIC MAMMALIAN CELLS. & 












Ne Re Morris* and G. Ae Fischer*. Dept. of Pharmacol., Yalg Mrilinot 
Univ. School of Med., New Haven, Conn. ‘ Live 

The reproduction in culture of the murine neoplastic cejj $11.0 an 
lines, L5178Y and P8I5Y, can be inhibited by either thymidine & possibl 





deoxyadenosine or deoxyguanosine. A clone of PBI5Y resi | 
to 5-fluorodeoxyuridine (FUDR) was not inhibited by thymiding 
nor would thymidine support reproduction when its synthesis ~ 
de novo was blocked by FYOR or amethopterin. These cells in 
cubated with thymidine-H? formed no thymidine phosphates, ang 
cell-free preparations of this line were deficient in thym= 
dine kinase activity. Since the enzyme system which converts 
CMP to dCMP is inhibited by the triphosphates of thymidine, © 
deoxyadenosine or deoxyguanosine (Pe Reichard, Z. Ne. Canel lakis 
and E. S. Canellakis, Biochim. Biophys. Acta, 41, 558, (960), 
an attempt was made to prevent the inhibitions of growth ~ 
caused by these compounds by adding deoxycytidine to the 
medium. Deoxycytidine, and no other ribo- or deoxyribo- 
nucleoside tested, was effective. in contrast to cells in- 
cubated in the presence of non-inhibitory levels of thymiding, 
cells incubated at inhibitory levels formed no detectable doy 
from uridine-H>. In cell-free ‘preparations of L5178Y the com 
version of CMP to dCMP was Inhibited by the triphosphate of 
either deoxyadenosine, deoxyguanosine or thymidine. 

























Biochemi 
XANTHYLIC PYROPHOSPHORYLASE OF SALMONELLA TYPHIMURIUM, 
G. P. Kalle* and J. S. Gots. Department of Microbiology, School of 
Medicine, University of Pennsylvania, Phila., Pa. 

Our previous studies with mutants resistant to various purine analogue 
indicated that xanthylic pyrophosphorylase was distinct from other purine 
nucleotide pyrophosphorylases (Fed.Proc. 14, 310, 1960). The enzyme 
has now been purified twenty-fold from Salmonella typhimurium, strain 
LT-2, and has been found to be different from other known pyro} 
Tases. It catalyzes a condensation of xanthine and 5-phosphoribosyl-I- 
pyrophosphate (PRPP) to form xanthosine-5'-phosphate and pyrophosphate 
It shows absolute requirement for xanthine, PRPP and Mg It is 
completely inactive with adenine, hypoxanthine or guanine as substrates, 
It, thus, seems to require an OH group on number 2 carbon for activity. 
Like adenylic pyrophosphorylase, it is inactivated by heating at 60°C 
for 5min. The enzyme also reacts with 8-azaxanthine (AzX) and PRPP 
to form 8-azanthylic acid and pyrophosphate. Whereas activity with 
xanthine was demonstrated readily at pH 8, a lower pH (7.0) was re- 
quired to show activity with AzX. The purification of the enzyme is 
facilitated even better by using a 2,6-diaminopurine-resistant mutant, 
dap-r-3, which is genetically deficient in adenylic pyrophosphorylases. 
Thus, both genetic and chemical fractionation procedures may be 
combined to advantage in bacteria for purification of this enzyme. 




































Nutrition 


DEOXYCYTIDYLAT#® DZAMINASs IN LACTOBACILLUS ACIDOPHILUS R-26, 
A. J. Siedler, Marilyn T. Holtz * and Barbara S. Heller *. 
American Meat Institute Foundation and Univ. of Chicago, Chi- 
cago, Illinois. 

dCMP was found to replace the uracil requirement of L. aci¢ 
ophilus. Other cytosine and thymine compounds were inactive. 
dCMP was 20-l,0% as active as uracil. Cell free preparations, 
obtained by sonication, converted 70% of added dCMP to dUMP 
based on spectral, chromatographic and microbiological deter- 
minations. Deoxycytidine is inactive as a substrate. The 
activity is stable to storage at -5° C., however, activity is 
relatively sensitive to sonication. Cells grown in the pres 
ence of dCMP in the absence of uracil had greater amounts of 
daCMP deaminase than cells grown in the presence of uracil. 
Evidence has been obtained that a fraction of this enzyme is 
bound to DNA. Activity in the bound fraction can be released 
by incubation of the precipitated DNA with DNAase. These re- 
sults indicated that dCMP deaminase plays a major role in the 
nucleic acid metabolism of this organism and is closely ass0t- 
iated with the DNA fraction. (Supported in part by a grant 
from the National Institutes of Health). 
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Physiology 
MB-RELATED CHANGES IN THE METABOLISM OF RNA. T. C. Detwiler* 
nd H. H. Draper.* Department of Animal Science, University of 
wo EstaUsbena, Illinois, 

Liver and muscle of six mature and six old rats, averaging 
11.0 and 30.5 months respectively, were used to explore the 
possible occurrence of age-related changes in the metabolism of 
gua. Two hours after injecting inorganic P5? intraperitoneally 
the liver and hind leg muscles were removed and homogenized. 

The liver was fractionated into nuclear, mitochondrial, micro- 
smal and supernatant fractions by differential centrifugation, 
and the RNA content of each liver fraction, as well as of mus- 
cle, was determined, RNA was isolated and the mononucleotides 
obtained by alkaline hydrolysis were separated by paper electro- 
sis. The proportion of each nucleotide and its specific 
activity were determined and the specific activity of RNA, 
relative to that of tissue inorganic phosphorus, was calculated. 
the only significant age-related changes observed in liver RNA 
pertained to the nuclear portion. These included an increase 
in the RNA content of the nucleus, a decrease in relative spe- 
cifie activity and an increased proportion of cytidylic acid. 
The changes in nuclear RNA could be accounted for in terms of 
a possible age-related contamination of the isolated nuclei 
with cytoplasmic particles; however, the detection of similar 
changes in the total RNA of muscle indicates that these obser- 
vations reflect a change in RNA metabolism which is associated 
with the aging process. 


Biochemistry 


FORMATION OF SPECIFIC RIBONUCLEIC ACIDS DURING THE DEVELOP- 
MENT OF CHLOROPLASTS. George Brawerman, A.O. P * and 
Bin Chargaff. Coll- oF Vigaiclaas & Began; tebeben 

Ve, New ork, NoYe 

The formation of chloroplasts in etiolated ena 

ilie cells exposed to light is accompanied consider- 
oe increases in cellular protein and RNAe The production 
of chlorophyll during this process exhibits a long lag 
periode During this lag, very little protein accumlates in 
the chloroplast fraction, but a considerable rise in the RNA 
of the small particles (mitochondria plus microsomes) takes 
places Chlorophyll synthesis and accumlation of protein in 
the chloroplast fraction begin at the same time and follow 
very sinilar coursess The RNA also increases in the chloro- 
plast fraction. The ribonucleic acids formed during this 
process appear to be specific, as indicated by considerable 
alterations in the mcleotide composition of the RNA of the 
chloroplasts, the microsomes and the supernatant fraction. 


Biochemistry 


RESEMBLANCE OF BACTERIAL RNA AND DNA. L. Astrachan and 
Thelma N. Fisher*. Biology Division, Oak Ridge National 
leboratory, Oak Ridge, Tenn. 

When p22_iesbeled orthophosphate is assimilated by bac- 
teriophage-infected E. coli, the isotope is incorporated into 
an RNA that exhibits metabolic turnover. Furthermore, the 
distribution of label among the RNA monomucleotides released 
by alkaline hydrolysis suggests that the composition of the 
radioactive RNA mimics the composition of the infecting phage 
DNA. In the present work, the search for a turnover RNA that 
has a "DNA-like" composition was extended to other bacterial 
systems. Proteus vulgaris, whose DNA contains a high pro- 
portion of adenine plus thymine, and Pseudomonas aeruginosa, 
Whose DNA contains a high proportion of guanine plus cytosine, 
were selected. When these organisms were incubated with P?- 
orthophosphate for thirty seconds, the distribution of label 
among the RNA mononucleotides indicated the synthesis of an 
RNA that mimics the base composition of the cell DNA. The 
data indicated that the pool-size of "DNA-like" RNA is 
limited by turnover. 
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Biochemistry 


THE ACTION OF TRYPSIN ON ACETYLMYOSIN. W. R. Middlebrook™, 
Institute for Muscle Research, Woods Hole, Mass, 

It has been claimed that the meromyosins are produced by 
the hydrolysis of lysyi-peptide bonds, when trypsin acts on 
myosin, To examine this claim, myosin was acetylated by treat- 
ing it with excess acetic anhydride in | M K2HPO, at 0°, 
Approximately 100% of the epsilon amino-groups of lysine were 
acetylated, Complete digestion of myosin and acetyimyosin by 
trypsin was followed in the pHstat. The difference between 
the asymptotic values of the two curves was equivalent to the 
lysine content of the myosin, and could be explained by the 
fact that acety!-lysy!-peptide bonds are not. hydrolyzed by 
trypsin, Acetylmyosin behaved similarly to myosin in the 
ultracentrifuge and separated into two peaks after digestion 
by trypsin, similar to heavy and light reromyosins. The dia- 
lyzed digest was depolymerized in urea into sub-units with an 
average chain weight of 4500. The N- and C- terminal residues 
were identical with those obtained from the meromyosins., It 
is concluded that the role of trypsin is to break secondary 
bonds only, when the meromyosins are produced, 


Biochemistry 


INCORPORATION OF AMP INTO EMBRYONIC CHICK LIVER NUCLEIC ACIDS. 
Pe Re Venkataraman* and E. Le Coe*. Dept. of Chem., Indiana 
University, Bloomington, Indiana. 

A preparation from disrupted embryonic (14d) chick liver 
nuclei incorporates ATP-8-c** into acid insoluble material in 
the presence of Mg**, Mn++, and an ATP generating system. It 
is not greatly influenced by CTP, UTP, or GTP individually 
but is depressed 40% when all three are present. The prepa- 
ration contains endogenous nucleic acid (RNA 30%; DNA 70%). 
KOH hydrolysis solubilizes 80% of the RNA and 65% of the 
radioactivity. No labeled adenosine could be isolated from 
the hydrolysate. There was no evidence for conversion of 
labeled ATP to deoxyAMP. Addition of either RNase or DNase 
to the incorporating system had little effect on the A,P 
uptake, but both together produced a 0% inhibition. Treat- 
ment of acid insoluble radioactive material with phospho- 
diesterase, RNase, or DNase lead to a solubilization of a 
small amount of UV absorbing material and a relatively large 
fraction of the radioactivity. The results appear to suggest 
that ATP is probably incorporated into the RNA part of an 
RNA-DNA aggregate which is easily accessible to nuclease 
digestion. (Supported by a grant from the American Cancer 
Society, Inc.) 





Biochemistry 
BIOSYNTHESIS OF THYMIME FROM 3-METHYLASPARTIC ACID. D, ¥W. 
Woolley and I. H. Koehelik*. The Rockefeller Institute, Hew 
York. 


Thymine labelled with tritium was found in the desoxy- 
macleic acids of goli grown in the preserce of 
tritiated 3-methy. tic acid. This confirmed experinental- 
ly the postulate previously advanced from this laboratory and 
elsewhere that thymine may arise not only by way of desoxy- 
uridylic acid but also from methylaspartic acid without in- 
volving uracil. The former mechanism on folic acid 
whilst the latter is independent of folic acid but depends on 
vitamin in the form of the Barker coensyme. EB. coli strain 
B was grown in a glucose-salts-medium containing tritiated 
3-methylaspartic acid. DHA isolated from the cells was 
hydrolysed with hot acid, and separated chromatographically 
on paper with 6 different solvent systems. Measurement of 
radioactivity showed that thymine was radioactive. Cytosine 
was also radioactive but much less than thymine. A third 
(still unidentified) radioactive spot was also present. The 
protein fraction from the cells was highly labelled. 


























































Biochemistry 


TEMPORAL AND QUANTITATIVE ASPECTS OF DNA AND RNA SYNTHESIS IN 
SYNCHRONOUSLY DIVIDING CELLS OF EARLY CLEAVAGE STAGE SEA- 
URCHIN EMBRYOS. Martin Nemer.* Institute for Cancer 
Research, Philadelphia, Pa. 

Nucleic acid synthesis, measured by incorporation of 
thymidine-2-Cl4, deoxyuridine-2-Cll or cytidine-2-Cls in 
total acid-precipitated material, occurred only during inter- 
phase in embryos of Paracentrotus lividus, as studied from 
the 2- to the 16-blastomere stage of develo t. Cell divi- 
sion was followed by incorporation of CR-C+4 in RNA, and then 
by the synthesis of DNA. 5-Tluorodeoxyuridine, when added at 
fertilization, blocked embryological development and caused 
cytolysis at the 8-blastomere stage. Reversal with develop- 
ment at least to blastulae (about 10 hr) was allowed by TDR, 
S-methyldeoxycytidine or 5-iododeoxyuridine. When added to 
4-blastomere embryos, 5-FUDR blocked develo t at 16 blas- 
tomeres, and stopped incorporation of CR-C14 in DNA between 
the 8- and 16-blastomere levels, whereas it had no effect on 
RNA, which attained the normal 16-blastomere level. The DNA 
content may have been fixed at a level, intermediate between 
diploid and tetraploid, resulting in an early embryonic death 
from a "nuclear alteration." 
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REVERSIBLE INHIBITION OF DNA SYNTHESIS BY HEAVY WATER. Paul 
R, Gross and Clifford V. Harding*. Dep't. of Biology, New 
York Univ., Dept's. of Physiology and Ophthalmology, Columbia 
Univ., Coll. of Physicians & Surgeons, and Marine Biol. Lab., 
Woods Hole, Mass, 

Substitution of H by D in the sea water medium of fertil- 
ized sea urchin eggs effects an absolute, but reversible block 
to cell division. Mitotic blockade may be imposed at such 
times in the cycle as to prove that the site of action of D20 
is in the large, transient structures associated with mitosis 
and cleavage, @.g., spindle, asters, and cleavage furrows. The 
mechanism of action of this agent appears to reside in a coop- 
erative effect of altered H-bond strength upon multiply hydro- 
gen-bonded structures, Such a mechanism suggests the possibili- 
ty of interference with the stability or replication of DNA 
as well, Autoradiographic experiments with tritiated thymidine 
show that whereas normal cells incorporate precursor into their 
muclei beginning with the first division, cells immersed in 
D290 shortly after fertilization remain unlabelled, even after 
heavily-labelled controls have reached the 16-cell stage, 
Removal of the D20 results in a burst of cleavages among the 
treated cells, and the nuclear material therein becomes 
labelled at once with the DNA precursor, (Supported by grants 
from the National Institutes of Health, U. S. Public Mealth 
Service. ) 


Biochemistry 


CHANGES IN AMOUNT AND COMPOSITION OF LIVER NUCLEIC ACIDS IN 
ETHIONINE-FED RATS. U. Mody”, J. Perry”, and J.A. Stekol. The 
Institute for Cancer Research, Philadelphia. 

On feeding of 0.25% ethionine in a complete 24% casein diet 
to rats of both sexes the content of DNA, but not of RNA, per 
gram of fresh liver increases several fold over that of the 
controls. The extent of incorporation of thymidine-CH3-H3 into 
the liver DNA of intact or partially hepatectomized ethionine- 
fed rats exceeds that of the respective controls. Thus, feed- 
ing of ethionine increases the synthesis of liver DNA in the 
intact or partially lone t page man rat. The activity of ethio- 
nine labeled with C14 or H3 in the ethyl group was present in 
the liver DNA and RNA, in addition to proteins, choline, cre- 
atine, etc. The highest specific activity was found in soluble 
RNA, followed by mitochondrial DNA, microsomal RNA, and nu- 
clear RNA and DNA. The specific activity of soluble RNA and of 
mitochondrial DNA exceeded that of the proteins of the same 
fractions. The data suggest transethylation in vivo from ethio- 
nine vie the intermediate S-adenosylethionine which is known 
to be formed in rat liver and to be active in transethylations. 
The identification of the component or components of liver nu- 
cleic acids thus ethylated in vivo is at present in progress. 
The etiological significance of ethylation in vivo of nucleic 
acids components in hepatoma production by ethionine is the 
subject of future experimentation. Aided by grants from NCIAG 
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Biochemistry 
DNA SYNTHESIS IN CHICK EMBRYO EXTRACTS. Gladys F. Maley an 
Frank Maley*. Div. of Labs. & Research, N.Y.S. Dept. Health, 
Albany. 

Though our previous studies with deoxycytidylate deaminay 
and thymidylate synthetase suggested dCMP to be a precursor 
of DNA thymidine, experimental evidence was not presented, 
With cell-free chick embryo extracts, it has now been possj- 
ble to demonstrate conclusively the incorporation of dCMP 
into the thymidine of DNA. The system employed was similar 
to that described by others for the synthesis of BMA by the 
bacterial and thymus polymerases. However, dCMP32 was 
employed as substrate in the presence and absence, individy 
ally and in combinations, of dATP, dGTP, and dITP. In ad- 
dition, the results obtained when 3-PGA was used as a 
phosphorylation agent were compared with those obtained whey 
the creatine-kinase system was added in its place. After a 
appropriate incubation period, the isolated purified DNA was 
degraded with DNase and phosphodiesterase, and the 5'-deoxy. 
nucleotides were separated by paper chrometograghy and 
electrophoresis to avoid contamination with Pi2*, Radio- 
autographic procedures and elution of the ultraviolet light 
absorbing areas revealed the label to be present exclusively 
in dTMP and dCMP. When dUMP32 was employed as substrate in 
place of dITP, only the isolated dIMP was labeled. 


Biochemistry 
MOLECULAR FATE OF TRANSFORMING DNA. Z. Lorkiewicz", Zz 
Qpara-Kubinska* and Waclaw Szybalski*. McArdle Memorial Lab., 
Univ. of Wisconsin, Madison, Wis. 

To determine the fate of transforming principle (TP) after its entry 
into receptor cells of Bacillus subtilis, TP was labeled with P32, and 
receptor-cell DNA with 5=bromodeoxyuridine (BUdR), a density label 
(Szybalski et al., Nature 188:743, 1960). Centrifugation of an arti- 
ficial mixture of these two types of protein- and RNA-free DNA ing 
CsCl gradient resulted in well separated banding of the TP-DNA at a 
density of 1.702 g/ml, and of bifilarly BUdR-labeled DNA extracted 
from receptor cells at approximately 1.760 g/ml. BUdR-labeled re- 
ceptor cells, grown in BUdR=-supplemented medium under conditions of 
high transformation competence, were exposed for various periods to 
pa2-Tp, followed by DNase treatment and washing. The buoyant den 
sity of reextracted, purified TP, as determined (Szybalski, Experientia 
16:164, 1960) by the position of the P32 label in the CsCl gradient wa 
shifted in all samples toward the heavier density of receptor DNA. 
Similar results were obtained when P32-TP was added to lysed BUdR- 
labeled cells, but not when the latter were RNase-treated or when 
TP was replaced by P32-labeled Escherichia coli DNA. Conclusions 
to the nature of this CsCl-gradient-stable association between P32-1P 
and BUdR-DNA of receptor cells must await further experimentation, 


Biochemistry 
Glucosylation of DNA by Enzymes from Bacteriophage-infec- 


ted Escherichia coli- Steven B, Zimmerman” and S,.R. Korn 
berg. Dept. Biochem. , Stanford Univer.. Palo Alto, Calif. 

The DNA's of bacteriophages T2, T4and T6 contain glucose 
bound to hydroxymethylcytosine (HMC) residues in character- 
istic proportions and linkages. Enzymes from E. coli infected 
with these bacteriophages transfer glucosyl units from UDPG 
to HMC-containing DNA's yielding HMC-derivatives of the 
types peculiar to the DNA of the infecting phages. T2,, T4- 
and T6-infected cells each have an enzyme forming a-mono- 
glucosyl-HMC residues. The enzymes from T2 and T6 infect 
ions have been extensively purified and their characterization 
is in progress. T4-infected cells contain a second, physically 
separable, enzyme which yields the B-monoglucosyl-HMC _ 
derivative. T6 infection also yields a second enzyme which 
in this case adds a glucosyl unit to monoglucosyl-HMC resi- 
dues. None of the enzymes formed during infection by a givel 
phage further glucosylate the DNA from that phage, but are 
active with DNA's from certain other phages. 
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Biochemistry 


INCORPORATION OF RIBONUCLEOTIDES INTO DEOXYRIBO- 
NUCLEIC ACID. J. S. Krakow* and E. S. Canellakis. 
Dept. of Pharmacology, Yale Univ. Sch. of Med., New 


Haven, Conn. 





The enzyme(s) associated with calf thymus nuclei 
which incorporate ribonucleotides into DNA (Krakow 
and Kammen, Fed. Proc., 19, 307, 1960) have been 
further purified. They have been found to catalyze 
(in order of decrpasing effectiveness) the in- 
corporation of C-'t-labeled GMP, CMP, AMP and UMP 
into DNA. The reaction shows an absolute require- 
ment for added DNA; heated DNA is more effective 
than non-heated DNA. C14-cmMP and Cl4-qmP are in- 
corporated predominantly into vepwtne? positions of 
DNA. The localization of the c14-qGMP in the DNA 
does not seem to be greatly modified if the reaction 
is performed in the presence of the three comple- 
mentary ribonucleoside triphosphates or of the 
four deoxyribonucleoside triphosphates. 


Biochemistry 


The DNA Polymerase Formed After Bacteriophage Infection 
of E.coli- A New Enzyme. H. Vasken Aposhian and Arthur 
Kornberg. Dept. Biochem. , Stanford Univ., Palo Alto, Calif. 
Infection of E.coli by T2-phage is knownto increase by 5- to 
10-fold the rate of DNA synthesis and the amount of DNA-syn- 
thesizing activity (polymerase). In the present report, evidence 
is presented that purified phage-induced polymerase (PIP) is 
clearly distinguishable from the purified polymerase (P) of 
uninfected E.coli by the following criteria: (1) Antiserum pre 
pared against purified Pas antigen completely inhibits P(>95% 
but not PIP(<5%); polymerase in extracts of uninfected cells 
is totally inhibited by antiserum but only by 10-15% in extracts 
of infected cells. (2) Sulfhydryl inactivation (PCMB, 2x 10-5M) 
inhibits P by 17% and PIP by 92%. (3) Certain DNA primers 
which are active for P, are relatively inactive for PIP. The 
inactive primers are activated by heating. For example: 


Priming Activity for: 








P PIP 
Salmon sperm DNA, native 100 <10 
Salmon sperm DNA, heated4min, 100° 100 100 


(4) Measurement of polymerase activity in the presence of 
equal amounts of P and PIP with an unheated primer yielded 
50% of the activity and with a heated primer, full activity. 
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A CONVENIENT PROCEDURE FOR SYNTHESIS AND PHOSPHORY- 
LATION OF ISOPROPYLIDENE RIBONUCLEOSIDES. Alexander 
Hampton*. Sloan-Kettering Institute, New York. 
Chemical syntheses of ribonucleoside 5'-monophos - 
phates involve conversion of the corresponding nu- 
cleosides to 2',3'-0-isopropylidene derivatives and 
subsequent phosphorylation. Existing methods for 
the former operation are not always satisfactory. 
When acetone suspensions of ribonucleosides were 
treated at 25° with ca. 2 equiv. of di-p-nitrophenyl 
phosphate and 8 equiv. of 2,2-dimethoxypropane, quar 
titative conversion to isopropylidene derivatives 
occurred with all nucleosides examined, including 
instances where other methods failed or gave rela- 
tively low yields. The method was applied to the 
four common nucleosides and to inosine, 8-azaguano- 
Sine, 6-thioguanosine, and 6-thioinosine. The iso- 
propyl idene erivatives were isolated in 85-95% 
yields by a procedure applicable to all. Following 
removal of volatiles from the reaction mixtures 
isopropylidene uridine, guanosine, 6-thioguanosine 
and 6-thioinosine were phosphorylated in situ in 
high yield with tetra-p-nitrophenyl pyrophosphate. 








Biochemistry 


GLUTAMINE AS AMINO DONOR FOR CYTIDINE NUCLEOTIDE BIOSYNTHESIS 
IN E. COLI. R. B. Hurlbert and K. P. Chakraborty* Biochem. 
Dept., U. of Texas M. D. Anderson Hosp., Houston 25, Texas. 


Ultracentrifuged extracts of E. coli B contain an enzyme 
system which uses glutamine for the amination of Cl4-yTP to 
cytidine nucleotides. The reaction (similar to the amination 
system of animal tissues, J. Biol. Chem. 235, 443 (1960)) re- 
quires ATP, MgCl2 and pH 7.5-8; is stimulated by guanosine 
nucleotides; and is irreversibly inhibited by diazo-oxo-nor- 
leucine and low levels of ZnCl2. The effect of 1.25 mM glu- 
tamine may be partially replaced by ammonia; 12.5 mM ammonia 
at pH 8.5-9 produces 1/3-1/2 of the full activity. The use of 
ammonia is not stimulated by guanosine nucleotides, is not 
inhibited by DON and is only slightly inhibited by ZnC12. 
Purification is hampered by lability of the glutamine-utiliz- 
ing activity, although glutamine, versene and -SH compounds 
have now been found to improve stability. The objective of 
the purification work in progress is to permit clarifications 
of the role of guanosine nucleotides and of the relationship 
of this amination system to an enzyme, purified by Lieberman 
from the same source, which used ammonia but not glutamine. 
It is highly probable however that glutamine is the true 
metabolic amino donor for cytidine nucleotide biosynthesis in 
E. coli as in animal tissues. (Supported by American Cancer 
Society Grants P-146 and P-243.) 


Biochemistry 


DIRECT SPECTROPHOTCMETRIC EVIDENCE FOR THE OXIDATION OF TETRA- 
HYDROFOLATE DURING THE ENZYMATIC SYNTHESIS OF THYMIDYLATE, 
Albert J. Wahba¥ and Morris Friedkin. Dept. of Pharmacology, 
Tufts Univ. School of Med., Boston, Mass. 

The spectral change occurring when 5,10-methylene-tetrahy- 
drofolate is converted to dihydrofolate provides a direct 
spectrophotometric method for assaying thymidylate synthetase 
activity. An increase in absorbancy at 338 m (At = 6600) and 
a decrease at 303 m (-A¢=9000) is characteristic of the dif- 
ference spectrum when dihydrofolate is measured against tetra- 
hydrofolate, both in the presence of formaldehyde and mer- 
captoethanol. Dihydrofolate measured by the increase in ab- 
sorbancy at 338 m was in molar proportion to P32-labeled 
thymidylate formed in the conversion of deoxyuridylate to 
thymidylate with E. coli thymidylate synthetase. The tetra- 
hydrofolate reaction product, purified on a DEAE cellulose 
column (Mathews & Huennekens, J. Biol, Chem, 2383308, 1960), 
was identified as dihydrofolate by its absorption spectrum 
and assay with chicken liver or E, coli dihydrofolate re- 
ductase. Paper electrophoresis in 0.05 M bicarbonate buffer, 
pH 9.5, 0.015 M formaldehyde, and 0.1 M mercaptoethanol, of 
chemically prepared dl,l-tetrahydrofolate yielded two forms 
identical in absorption spectra. Only the less negatively 
charged component was active in thymidylate synthesis. 


Pathology 


NUCLEOTIDE METABOLISM IN STREPTOCOCCI RELATIVE TO HYALURONIC 
ACID SYNTHESIS. John Pareta,* George Kinsman* and Charles H. 
Altshuler. St.Joseph's Hospital, eee Wisconsin. 
eutralized perchloric acid extracts from six hour cultures 
of smooth and rough strains of Group C streptococci were chro- 
matographed on Dowex-1-Xl, chloride columns using the gradient 
elution technique of Pontis and Blumson (Biochem, et Biophys. 
Acta 27:618,1958). The pertinent ultraviolet absorption 
peaks were then isolated, neutralized, de-salted, purified 
by paper chromatography and studied by appropriate chemical 
and enzymatic techniques. It has been found that the differ- 
ence in the two patterns is compatible with the concept that 
at least one of the metabolic aberrations is a failure to 
convert UDPG to UDPGA. (Supported by a grant from U.S. Public 
Health Service C-3825). 
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Physiology 


THE SYNTHESIS OF DIFFERENT MOLECULAR SPECIES OF RNA. B. D. 
Hall*, R. Storck* and S. Spiegelman. Departments of Chemistry 
and Microbiology, University of Illinois, Urbana, Illinois. 

Tritiated uridine was used to examine the kinetics of ap- 
pearance and disappearance of the various molecular species 
of RNA which exist in each class of ribosomes of E. coli. Ri- 
bosomes were separated according to size (70S, 50S and 30S) by 
centrifugation through sucrose density gradients. RNA compo- 
nents contsined in each ribosome class were similarly separa- 
ted following treatment with either phenol or sodium dodecyl 
sulfate. The profile of radioactivity in short (15-30 sec- 
onds) pulses reveals a number of components in the ribosomal 
population which are not identifiable as peaks in the optical 
density profile. On an overall basis, the smaller the ribo- 
some class the more active it is in synthesizing RNA. Exami- 
nation of labeling of the RNA in the 70S ribosomes showed the 
existence of two metabolic types. One corresponds to the 
large RNA molecules (25S and 16S) which are labeled slowly 
and irreversibiy. The other consists of smaller (4-10S RNA 
components which label very rapidly (saturation in 30-60 sec- 
onds) and appears to either turnover or leave the 70S ribo- 
somes. A similar highly active small component was detected 
in the 30S ribosomes. The significance of these and related 
findings for structural and informational RNA molecules will 
be discussed. 





Biochemistry 


A FOUR NUCLEOTIDE AND DNA REQUIRING SYSTEM IN 
MAMMALIAN AND BACTERIAL EXTRACTS FOR THE 
INCORPORATION OF RIBONUCLEOTIDES INTO RNA, 
Samuel B, Weiss, Argonne Cancer Res. Hosp, and the Dept. 
of Biochem,, The Univ, of Chicago, Chicago, Illinois 

Earlier reports from this laboratory (J. Am, Chem, Soc. 
81:4118, 1959 and Proc, Natl. Acad, Sci. U. S. 46:1020, 
1960) described a cell-free system from rat liver which 
catalyzed the incorporation of ribonucleotides into RNA and 
required that all four ribonucleoside triphosphates be present, 
This activity could be abolished by treatment of the enzyme 
with DNase. Subsequent work shows that partial reactivation 
can be achieved by the addition of purified DNA, Failure to 
demonstrate similar reactions in bacterial extracts was 
presumed to be due to DNA degradation during preparation 
of bacterial extracts, Partially purified extracts from M. 
lysodeikticus can now be shown to catalyze a similar re- 
action if DNA and all four ribonucleotides are present. 
Recent reports by Hurwitz et al, (Biochem, Biophys. Res. 
Comm, 3:15, 1960) and Stevens (Ibid, 3:92, 1960) show 
similar results in preparations from E, coli, 














Biochemistry 
RNA SYNTHESIS BY AN ENZYME PREPARATION ISOLATED FROM YOUNG 
PEA SEEDLINGS. Ru-chih C. Huang* and Nirmala Maheshwari*. 
Division of Biology, California Institute of Technology, 
Pasadena, Calif. 

A particulate preparation sedimented at 4,000 x g from 
homogenates of 40 hour pea seedlings has been found to cata- 
lyse the incorporation of ATP-8-C14 into RNA and P3¢-labeled 
pyrophosphate into nucleoside triphosphates. Both the incor- 
poration and exchange reaction are dependent on the simltan- 
eous presence of CIP, UTP, GIP and ATP. Incorporation is 
most rapid in the first two minutes at 37°C, although the 
reaction continues for about 30 minutes. A proportionality 
is found between the amount of enzyme used and extent of 
incorporation when enzyme is the limiting factor. That the 
labeled product is RNA is indicated by the fact that it is 
acid insoluble, alcohol precipitable and non-dialysable and 
can be converted to 95 per cent dialysable material by the 
action of RNase. This enzyme system contains, besides pro- 
tein, a substantial amount of DNA and a small amount of RNA. 
The preparation loses activity after heat treatment but not 
after brief dialysis and can be kept frozen for at least 48 
hours. (Supported by @ grant from the National Institutes 
of Health.) 








270-282 NUCLEIC ACIDS; NUC 


POLYRIBONUCLEOTIDE SYNTHESIS BY S. FECALIS CELL MEMBRANES, 
Peter McNamara* and Adolph Abrams. Dept. of Biochemistry, — 
University of Colorado School of Medicine, Denver, Colorado, 

In @ previous report (Abstr. ACS 138th Nat'l. Meeting, — 
N. Y. 1960) evidence was presented that cell membrane "ghost 
prepared by lysis of protoplasts and washed free of adhering 
soluble cytoplasmic constituents (JBC Dec. 1960), synthesiz 
poly A from ADP and poly AGUC from a mixture of ADP, GDP, 
UDP, and CDP. The heteropolymer nature of the poly AGUC igs 
indicated by further experiments which shows that ribonu- 
clease caused the release of acid soluble C'" from AGUC poly 
mer containing c!4-amMP residues. The nucleotide compos i tion 
(ion exchange) of synthetic poly AGUC was compared to that of 
natural RNA isolated by phenol extraction from S. fecalis 
cell membranes, ribosomes, and the soluble fraction. The 
composition of the poly AGUC was markedly different from each 
of the natural RNAs in that it contained a much higher pro- 
portion of guanylic acid residues. Small but significant 
variations were observed in the composition of the afore- 
mentioned natural RNAs. Cell membrane preparations also 
synthesized poly U from UDP. After alkaline hydrolysis of 
the exhaustively dialyzed poly U preparation the expected 
2'(3') UMP was liberated but in addition a small amount of § 
UMP was also found. The origin of the 4'UMP is presently 
under investigation. 


Biochemistry 

INCORPORATION OF NUCLEOTIDES FROM. RIBONUCLEOSIDE TRIPHOSPHATE 
INTO RNA IN BACTERIAL EXTRACTS. Severo Qchos, Lebt P. 
Hans Kréger® end Jacques D. Weill”, Dept. o sicthcntotae 
new York Univ. School of Medicine, New York, N.Y. 

L.arabinosus extracts, with little or no polynucleotide 
phosphorylese, incorporate C14-ATP or C'14-GTP into acid-insolubl 
products. In the presence of cold GIP (or ATP), UTP and CP 
their enzymatic specific activity at 370 is 0.65-0.1 ( 
10 win/mg mente Omission of any bys pages ener! results in 
sharply curtailed activity. The specific activity of 
A.vinelandii extracts is 0.2-0.4. Under otherwise identical 
conditions their activity with diphosphates is 1/3 to 1/2 ti 
with triphosphates. The activity vs. nucleoside triphos 
but not that vs. diphosphates, is largely eliminated by 
cubation of the extracts with DNdese. On fractionation th 
(NH,) 250, between 0-33 (a), 33-46 (b) and 46-70 (c) % sature 
tion, the activity vs. nucleoside triphosphates of fraction 
(b), which contains two-fold purified polymucleotide phos 
ase and 5% of the extract’s DNA, is markedly decreased | 
restored by supernatant from boiled fraction (c), which com 
teins 75% of the DNA of the original extract, or by highly pur 
fied DNA (TAy e, spleen). Alkali, RAase and DNAase 
ations indicate that the labeled micleotides are incorpo 
into RNA, while DNA-dependence, incorporation from C14-GTP woth 
the other observations suggest an activity distinct from bo 
end eddition to S-RNA and the polynucleotide phosphorylase i 
action. 


Biochemistry 


Enzymatic Incorporation of Nucleoside Triphosphate into Mu- 
clear Ribonucleic Acid, B. B. Biswas” and Richard Abrams, 
Montefiore Hosp, Research Dept., Pittsburgh, Pa. 

A particulate system has been isolated from thymus nuclei 
which catalyses the incorporation of ribonucleoside triphos 
phates into RNA. A 30-40 fold increase in CTP incorporatio 
was achieved by adding ATP, GIP and UTP. Incorporation was 
dependent upon Mg** concentration, was reduced when nucleo- 


side diphosphates were substituted for triphosphates, and 
was inhibited by pretreatment with DNase or RNase, When il 
cubation mixtures were centrifuged at 105 on x G for 2 


hours the newly formed RNA was partly in the pellet and 
partly in the supernatant solution, the fraction in solutia 
increasing with increasing incubation time, Experiments 
with severxl labeled nucleoside triphosphates indicated that 
the composition of the newly synthesized RNA was unrelated 
to that of thymus DNA but tended to approximate that of the 
endogenous RNA of the particulate preparation. The prepara 
tioi., similar to the insoluble residual fraction of 
Frenster et al (Proc, Nat. Acad. Sci, U.S, ug, 432 (1960) 
contained 3,0 mg DNA and 0,3 mg RNA per mg of protein, The 
RNA represented % of the total mclear RNA with a relativ 
molar composition of GMP, 29.9; CMP, 27,8; AMP, 20.0; 

UMP, 21.33; and pseudo-UMP, 1.0. 

(Supported by grants from the Am, Cancer Soc. and the 

U. S. Atomic Energy Comm.) 
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Biochemistry 


STUDIES ON THE PHYSIOLOGICAL ROLE OF POLYNUCLEOTIDE PHOSPHORY- 
LASE IN E. COLI ML. Daniel H. Levin* and Marianne Grunberg- 
Manago*. Institut de Biologie-Physico-Chimique, Paris ¥, 
France. 

In order to gain insight into the role of polynucleotide 
phosphorylase in vivo, an assay has been applied to suspen- 
signs of E. coli ML following exposure to toluene for 10' at 
38°. Incubation of ADP-8-C** with these suspensions results 
in the incorporation of radioactivity into an acid-insoluble 
polyribonucleotide. Chromatographic and electrophoretic sepa- 
ration of an alkaline hydrolysate of the isolated polyribonu- 
cleotide revealed radioactivity in AMP-3'(2') only. Further 
evidence for polynucleotide phosphorylase activity is indi- 
cated by E) eubetrare specificity for ADP compared to AMP and 
ate, (2) Mg**-dependence, (3) stimulation by Poly A, (4) inhi- 
bition by Py and Poly U. The assay has been applied to a study 
of the titre of the enzyme in a tryptophan-requiring E. coli 
ML mtant. In the presence of tryptophan (tryp), chlorampheni- 
col (CM) inhibits protein synthesis, but not RNA synthesis. 

In a CM-containing culture, the increase in RNA content (two- 
fold) is paralleled by an increase in the specific activity of 
polynucleotide phosphorylase. Both increases are a function 
of tryp concentration. DL-5-methyltryp can replace tryp. In 
the absence of tryp, no RNA synthesis occurs, but other amino 
acids will provoke small increases in enzyme activity. 





Biochemistry 


INCORPORATION OF RIBONUCLEOTIDES INTO RNA. Audrey 
Stevens. Dept. of Pharmacol., St. Louis Univ., 


8 Missourd . 

e inéorporation of ribonucleotides into RNA has 
been investigated with a partially purified enzyme 
fraction from E. coli B by , measuring 1) the appear- 
ance of isoto from ATP-C in acid-insoluble 
material and 2) the increase in 3!'(2')-ribonucleo- 
tides formed by alkaiine hydrolysis of the acid-in- 
soluble material. A six-fold increase in 3'(2')- 
ribonucleotides has been measured, Maximal reaction 
r res all four ribonucleoside triphosphates, 
ist, and native DNA from any one of several 
sources, Omission of DNA decreases the rate of the 
reaction by 95-100%. The effects of preheating the 
DNA on its stimulating activity i mee that the 
double-stranded DNA molecule is active. The reac~- 
tion is reduced to 5% of its maximal rate by omis- 
sion of ATP, UTP, CTP, or GTP, Measurement of an 
increase in each of the 3!'(2')=-ribonucleotides by 
chromatographic analysis of an alkaline hydrolysate 
of the product shows that all four nucleotides are 
incorporated, An incorporation of ATP-C alone 
into an unidentified acid-insoluble material can be 
demonstrated under certain conditions. This incor- 
poration is also dependent on DNA addition. (Sup- 
pborkees by a grant from the National Science 
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Tdé ROLE OF CARBAMYL-BETA-ALANINS AND RELATED COMPOUNDS IN 
PYRIMIDINE BIOSYNTHESIS IN NEUROSPORA. Robert L. Herrmann* 
and Cynthia Thomas Grant*., Dept. of Biochemistry, Boston 
University School of Medicine, Boston, Mass. 

Several pyrimidineless strains of the mold N. crassa re- 
spond to non-pyrimidine compounds including dihydrouracil, 
carbamyl-beta-alanine and propionic acid. (Fairley et al., J. 
Biol. Chem. 234: 3229, 1959). In the present study of another 
mitant strain, N. crassa 36601, none of these non-pyrimidine 
Compounds alone supports growth, but the pyrimidine require- 
ment is decreased as much as 50% by dihydrouracil, carbamyl- 
beta-alanine and their ribotides. To investigate this sparing 
action, the mold was grown with cytidine and radioactive car- 
bamyl-beta~alanine, the latter labeled in the carbamyl carbon 
(specific activity 2.04 X 104 cpm/uM). The nucleic acid pur- 
ines and pyrimidines were isolated and their radioactivity 
measured, The pyrimidines were found to have specific acti- 
vities near 3 X 103 cpm/uM, and the purines had specific 
activities near 100 cpm/uM. The radioactivity was diluted 
only 6-fold on incorporation into uracil, in contrast to 170- 
fold dilution during incorporation into guanine. The sparing 
action of carbamyl-beta-alanine therefore appears related to 
its utilization as a pyrimidine precursor. 

(Supported in part by PHS Grant C-4655). 
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Terminal Nucleotide Sequences in Amino Acid-Acceptor RNA. 
U. Lagerkvist*, P. Berg, M. Dieckmann* and F. W. Platt*, 
Dept. Biochem., Stanford University, Palo Alto, California. 

RNA. .$CBC was prepared by reaction of CRP*PP with puri- 
fied acceptor RNA from which all of the terminal trinucleo- 
tide sequence, pCpCpA had been removed. Alkaline degrada- 
tion of the labeled RNA yielded the following P* labeled 2'-3'- 
mononucleotides: CMP(49.7%), AMP(34.3%), GMP(12. 0%) and 
"UMP"(4.0%). The RNA chains are therefore heterogeneous 
with respect to the composition of the 4th nucleotide; 68, 24 
and 8% of the RNA chains contain AMP, GMPand "UMP" res- 
pectively in the 4th position. Pancreatic RNase digestion of 
RNA. .)CBC yielded a mixture of P* labeled mono-, di- and tri- 
nucleotides which were resolved by DEAE-cellulose column 
chromatography and identified by their spectra, electrophor- 
etic mobilities and products of their enzymatic and alkaline 
hydrolysis. The following terminal sequences in the RNA were 
deduced from the composition of the RNase digest: pPypApCp- 
CpA(65.1%), pPypApApCpCpA(1.1%), pPypGpApCpCpA (3.1%), 
pPypGpCpCpA(17.1%), pPypApGpCpCpA (3.6%), pPyp"'U"'pCpC- 
pA(7.2%)and pPypAp'"'U"pCpCpA(1.4%). "'U'p in the 4th posi- 
tion represents the possible mixture of Up, Tpand YUp. 


Biochemistry 


THE ROLE OF DNA IN THE INCORPORATION OF RIBONU- 
CLEOTIDES INTO RNA. J.J. Furth* J. Hurwitz , and M, 
Goldmann* N.Y. Univ., School of Med., N. Y., N.Y. 

An enzyme preparation purified about 40-fold from 
E. coli incorporates all 4 ribonucleotides into RNA. This 
incorporation is dependent upon the addition of: ATP, UTP, 
GTP, CTP, Mn, an-SH compound and DNA. The requirement 
for DNA is based on the following:the purified enzyme 
fraction is stimulated 20 times by the addition of DNA; heated 
DNA or DNA partially degraded with DNase does not support 
incorporation of ribonucleotides; RNA will not replace the 
DNA requirement; the following DNA preparations activate 
the system: T2-DNA, thymus DNA, E.coli DNA, and x-174 
DNA. The following supports the idea that the product pro- 
duced is RNA:the addition of RNase to the reaction mixture 
leads to no detectable acid-insoluble nucleotide; a product 
produced after the incorporation of UMP*is quantitatively 
rendered acid-insoluble by RNase or alkaline degradation 
but is not affected by DNase; UMP* incorporation followed 
by alkaline degradation leads to the quantitative distribution 
of P**among the nucleotides. Preliminary evidence suggests 
that DNA influences the nucleotides incorporated. 
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ETHOXYQUIN EFFECT ON EGG YOLK PIGMENTATION. _Y. V u, 
A, A. Kurnick,” M, G, Vavich and B, L, Reid, University of 
Arizona, Tucson, Arizona. 

Dehydrated alfalfa meal levels of O - 6.25% were fed in 
three separate experiments to White Leghorn hens in production. 
Feed analyses for beta-carotene and xanthophylls were run upon 
completion of the three-week feeding period in each study. 

Egg yolk pigmentation was evaluated by acetone extraction of 
the yolk and measurement of optical density against a beta- 
carotene standard. Maximum yolk pigmentation was attained 

after 11 - 12 days feeding of the experimental diets. The feed- 
ing of 0.0125% ethoxyquin at each of the dietary pigmentation 
levels resulted in a marked increase in yolk pigment concentra- 
tion. At the 6.25% level of dehydrated alfalfa meal yolk pig- 
mentation values of 9.7 mcg per gram were obtained in eggs 
collected from birds not fed ethoxyquin as compared to an aver- 
age value of 1.2 mcg per gram when the same diet was fed con- 
taining Q0125% ethoxyquin. Upon termination of the feeding 
period the birds were returned to a white corn and soybean oil 
meal diet. After two weeks the pigment level in all eggs had 
returned to l2mcg per gram. These studies showed 15-25% loss 
of xanthophyll in the feeds not containing ethoxyquin. A second 
study showed values of 9.0mcg of xanthophyll per gram for the 
6.25% level of dehydrated alfalfa meal and 0.0125% ethoxyquin 
diet compared to 7.) mcg per gram when ethoxyquin was not fed. 


* 
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THE ADDITION OF MOISTURE TO SEMI-SYNTHETIC DIETS AND ITS 
EFFECT UPON GROWTH AND PROTEIN EFFICIENCY RATIO. Kenneth W. 
Keane+, Charles Smutko*, Arnold E, Denton* and Carl H. Krieger, 
Campbell Soup Company, Camden, New Jersey. 

Water was added at levels of 0, 20, 50 and 80% to a % 
protein (on a solids basis) semi-synthetic rat diet, in the 
absence and presence of diet thickeners (agar, guar gum or 
starch). In the absence of diet thickeners, it was found that 
the addition of 20% water resulted in a significantly increased 
rate of gain and protein efficiency ratio over that found when 
no moisture was added to the diet. In the presence of either 
agar, guar gum or expanded starch, the addition of 20 or 50% 
water resulted in a significant increase in rate of gain and 
protein efficiency ratio over that obtained when no moisture 
was added to the diet. At moisture levels of 80% of the diet, 
the variation within groups was too great to permit statisti- 
cal evaluation, In another series of experiments, water was 
added at levels of 0, 20, 50 and 80% to semi-synthetic diets 
containing 6, 9, 12 or 18% protein, The results indicate 
that the addition of 20% moisture results in a significantly 
increased rate of gain and protein efficiency ratio when the 
diet contains 6, 9 or 12% protein. In both series of experi- 
ments, the source of protein was A.N.R.C. Reference Casein. 
Carcass analysis data show that the increase in weight gain 
was not due to an increase in water content. 
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RANDOM AND VOLUNTARY ACTIVITY FOLLOWING PROLONGED DIETARY 
RESTRICTION. Ds Ae Olewine™ and Gerontol- 
ogy Branch, Nat'l Heart Inst., Bethesda, and Baltimore City 
Hospitals, Baltimore, Maryland. 

Prolonged dietary restriction is know to increase the life 
span of rats. The present study was designed to look for phys- 
iological differences between normally fed and restricted rats 
which might have a bearing on the differences in longevity. 
Nine normal male rats were fed Purina laboratory mash. 
itum following weaning. The 8 restricted males were fed 50% of 
All animals were 9 months 
old at the time of testing. Total random activity measured in 
suspension type cages was significantly reduced in the re- 
stricted rats (1429 * 71 and 505 * 24 units per 24 hours). In 
contrast, voluntary activity as measured by wheel running was 
greater in the restricted than in the normal rats (481 + 100 
vs. 106 * 85 rev./24 hours). This difference was due to the 
increased voluntary activity of the restricted rats during the 
7 hours prior to feeding (restricted rats, 41 + 12 rev./hour). 
It is concluded that food deprivation is accompanied by a re- 
duction in total random activity but an increase in voluntary 
activity in the rat. 


the food consumed by the ad libitum. 
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EFFECT OF GIBBERELLIC ACID TREATED ALFALFA ON GROWTH AND 
HEMATOLOGICAL CONSTITUENTS OF GUINEA PIGS. Harish C. Saxena 
and Sudhir Kumar.* Rajasthan College of Agriculture, Udaipur, 
India. 

Alfalfa plants were sprayed with gibberellic acid in water 
solution. A marked growth response, as measured by stem e- 
longation and increased height, was obtained, Twenty-four 
guinea pigs were used in the study which consisted of 3 lots 
each having 2 groups of 4 guinea pigs. Guinea pigs in Lot 1 
received untreated alfalfa, while lots 2 and 3 were fed alfalfa 
treated every two weeks with gibberellic acid at levels of 100 
and 1000 ppm, respectively. All guinea pigs were fed fresh 
alfalfa and a practical grain mash ad libitum. The Study was 
conducted for eight weeks. Average weight gains of guinea 
pigs (254, 246 and 262 gms. for lots 1, ”, and 3, respectively) 
were about the same for all lots. There were no differences 
in efficiency of feed utilization among the treatments. Hema- 
tological constitutents, hemoglobin, erytrhocyte and hematocrit 
showed no significant differences due to gibberellic acid 
treatment. From the data presented, it appears that gibber- 
ellic acid treated alfalfa was not toxic to guinea pigs. 








ENZYME ACTIVITY (LAP, AP) OF INTESTINAL MUCOSA OF MICE, 
G.Y. Gottschall*, Rene J. Dubos* and Tokuhiko Higashi*. Tig 
Rockefeller Institute, New York. 

Susceptibility of mice to experimental infection, as we]j 
intestinal flora, are influenced by diet. The effect of dig 
intestinal mucosa has now been studied by measuring activiti, 
of AP and LAP, both present in high concentration. Mice wep 
fed for 4 months after weaning either balanced diet (pellets) 
or unbalanced (corn). Enzyme activities were determined on 
unfractionated homogenates of mucosa from whole small in 
LAP activity by modified Goldbarg, AP activity by modified 
Bodansky, specific activities expressed per mg. dry wt. Spe. 
ific AP activity of mucosa from pellet fed mice is lower thy 
corn fed, total AP activity is similar for mice on either q 
Specific activity of LAP in mucosa of pellet fed mice is} 
than in corn fed. Furthermore, total dry wt. of small integt. 
inal mucosa from pellet fed mice is greater than of corn fed, 
Total LAP activity of mucosa from pellet fed mice is ca. twig 
that of corn fed. Dry wt. of whole small intestinal mucosa 
pears related to diet of the mouse not to its wt. Alteratioy 
in LAP activity and dry wt. indicate a response by intestinal 
mucosa to an unbalanced diet. These results are in harmony 
with morphological alterations in human mucosa found in spre 
and kwashiorkor. (Supported by a grant from USPHS). 








286 NUTRITION—Carbohydrates 
Nutrition 


EFFECTS OF SEVERE CARBOHYDRATE AND CALORIC RESTRICTION ON 
NORMAL MALE SUBJECTS. Dorothy R. Jutton*, Sch. of Home Econ,, 
University of Wisconsin, Madison, Wis. 

The possibility that the marked hyperketonemia, ketonuris 
and hypoglycemia of severe carbohydrate and caloric restrict 
might be transitory was investigated. Ten men were givena 
diet furnishing 1000 calories (48% protein, 51% fat and 1% 
carbohydrate) during 3 test periods of 7 and 5 days duration 
separated by 7 or 14 and 30 days of adequate intake, The 
plasma levels of ketone bodies (expressed as acetone) in- 
creased 12 to 18 times above basal levels during restriction, 
Average urinary ketone values showed an 8-fold increase. Som 
decline in the urinary and plasma ketone values occurred on 
the sixth and seventh day of the longer period, but no chang 
was found in 5 days. On the average blood glucose levels de 
creased to 80% of the initial value during the first 2 days 
and remained at this level. Urinary nitrogen excretion in e& 
cess of intake reached the peak of 7 to 8 gms/24 hrs. on the 
fifth day of the first test period and the third day of the 
second and third test periods. The serum cholesterol values 
were lower at the end of restriction than at the beginning fo 
most subjects. The weight losses averaged 3.74 kg for the 
7-day period, 2.82 kg for the first 5-day period and 3.27 kg 
for the second 5-day period. (Supported by the U.S.A.F,. 
Contract 41(657)-301.) 
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DIET AND GLUCOSE UPTAKE BY RAT EPIDIDYMAL FAT TISSUE. 
Walter Mertz* Natl. Insts. of Health, Bethesda, Maryland 

In rats deficient in glucose tolerance factor (GIF), low im 
glucose tolerance is restored to normal by 10 to 20ug of chr> 
mium (III). The influence of diet on glucose uptake by epii 
mal fat tissue and its response to chromium was investigated 
@ phosphate medium with 1 milliunit insulin per flask. 11 rat 
on a GIF-deficient Purina chow produced glucose removal rates 
of 2.96+.3%/min., as compared with 4,2+.3% in 8 controls on @ 
sufficient McCollum's ration. Fat tissue from these groups i» 
corporated 4324 and 829g glucose/100 mg/h, respectively. Bb 
fat tissue from a total of 22 rats on McCollum's diet, an ave 
age uptake of 62t6.g was seen. This was not influenced by chi> 
mium in vitro, as neutralized alum. In 15 animals on Purina 
chow, with a low uptake of 40thug, .01 and .lug chromium in 
creased glucose incorporation to 6526 and 66t5yg, respectively: 
Thus, chromium (III) in vitro restores glucose 
tissue of GiF-deficient rats to those values found in 
natural wheat-casein ration. In 9 rats on Purina 
had not yet developed GIF-deficiencies, an average 
76t3g was seen. In these, the chromium supplements 
slightly depressing effect. The action of chromium is 
related to that of insulin. The presence of insulin is 
sery for the chromium effect, and the uptake not only of 
cose, but also of galactose is stimulated. 
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CARBOHYDRATE AND ROUGHAGE REQUIREMENTS OF CRICKETS. 
p. F. Neville* and T. D. Luckey, Department of Biochemistry 
University of Missouri, School of Medicine, Columbia, 
Missouri 

In preparation for the development of a synthetic diet, 
a study was made of the carbohydrate and roughage requirement 
of the cricket, Acheta domesticus (L). The data showed that 
crickets growth was: inhibited when sucrose (12%), corn- 
starch (30%) and cellulose (12%) were replaced by sucrose; 
inhibited when sucrose was replaced by d-ribose, d-xylose 
or d-arabinose ; stimulated when sucrose and cornstarch were 
replaced by chitin, cellulose or polyethylene and not 
impaired by diets containing as much as 70% cellulose or 
polyethylene. This study has indicated that although 
crickets can utilize a variety of carbohydrates, they are 
not essential in the diet and that roughage is essential 
for maximum growth. The best growth resulting from a diet 
containing 30-42% roughage and 24-12% sugar. Polyethylene 
was equal to cellulose as a roughage for rats (5% of either 
was optimum) as well as crickets. (Supported by U. S. Public 
Health Grant A-1025) 
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SIZE, GROWTH, AND HEALTH OF CONGO PYGMIES. 
George V. Mann, Oswald A. Roels* and Joseph M. Merrill. 
Vanderbilt Univ. Med. School, Nashville, Tenn., Columbia 
Univ. School of Pub. Health, New York City. 

A survey of 300 Pygmies was made in the Ituri Forest re- 
gion of Congo in May, 1960. The purpose was for observation 
of the prevalence and associations of cardiovascular disease. 
The anthropometric measurement revealed adult sizes ap- 
proximating those of a ten year old American boy. Pygmies 
are ethnically well preserved. H. M. Stanley recorded similar 
sizes in 1888. Growth data indicate cessation of growth at 
11-13 years without the typical adolescent growth spurt ob- 
served in American children. This growth behavior in Pyg- 
mies is probably genetically determined since other endo- 
crine functions are not impaired. A heavy burden of infec- 
tious disease is evident and is probably the cause of hyper- 
proteinemia, characterized by levels of y globulin often ex- 
ceeding 3.0 gm%. Observation of the dietary indicates om- 








nivorous habits thus preventing observation of the effect of 


carnivorous habits in cardiovascular disease. (Supported by 
National Heart Instit., Amer. Heart Assoc., and Institute 
Reserche Scientifique Centrale Africa. ) 
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PRE~ AND POSTPARTUM DIETARY INTAKES IN RELATION TO 
RECOMMENDED ALLOWANCES. A. E. Hansen, H. F. Wiese, 
D. J. D. Adam*, M. E. Haggard*, A. N. Boelsche*, H. Davis*, 
W. T. Newsom*, and L. Pesut*. Departments of Pediatrics, 
Univ. of Texas, Galveston; Tulane Univ., New Orleans; and the 
Bruce Lyon Memorial Research Laboratory, Oakland, California. 
Food intakes were weighed for a 3-day period and estimated 
for a 7-day period for 15 white and 10 Negro women during the 
3rd trimester and at 6 to 8 weeks postpartum. Although there 
Was close agreement, estimated intakes tended to be lower 
than weighed intakes. With few exceptions, especially in 
Negro subjects, intakes of calories, protein and calcium 
were lower than the recommended allowances for pregnant 
women. The intakes for vitamin A, thiamine, riboflavin, 
niacin, and ascorbic acid met the recommended allowances. 
At 6 to 8 weeks postpartum, the caloric intakes of non- 
lactating mothers were less than during pregnancy in all but 
one subject and did not meet the recommended allowance for 
non-pregnant women; in lactating mothers the caloric intakes 
Were greater than during pregnancy but those of only 2 
subjects were within the recommended range. Parturition was 
Uneventful for all mothers and all babies were healthy full 
term infants. (Supported in part by a USDA contract sponsored 
by the Human Nutrition Research Division, Agricultural 
Research Service.) 
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FURTHER STUDIES ON THE FORMATION OF URINARY CALCULI IN RATS. 
Robert Van Reen, Naval Medical Research Inst., Bethesda, Md. 
vi it was reported that rats of the NMRI-D strain 
were particularly susceptible to urinary calculi formation on 
certain experimental diets. 
a basal diet containing 15% casein, 76.8% sucrose, “| HMW 
salt mixture plus vitamins and corn oil, over 50% of the 
weanling rats developed uroliths in a 35 day period, whereas 
an additional 15% casein at the expense of sucrose prevented 
the stones. It has been found thet an equivalent 15% supple- 
mentation of the basal diet with soybean protein likewise 
prevented the stones but 15% gelatine was not effective, thus 
relating the type of protein to its effectiveness in prevent- 
ing calculi. Since both casein and soybean protein prepara- 
tions contain phosphate 
investigators to be effective in reducing calculi under some 
conditions, one of animals was given the basal diet 
supplemented with the quantity of phosphate which would be 
contained in 15% casein. This did not prevent urolithiasis 
and supports the view that the protein of casein and of the 
soybean preparation is the important factor. Replacing 
sucrose of the basal diet with starch or dextrose resulted 
in fewer rats with calculi, whereas replacement with whole 
wheat flour completely eliminated stones. 
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STUDIES ON THE DEVELOPMENT OF GASTRIC EPITHELIAL HYPERPLASIA 
IN RATS FED POLYOXYETHYLENE MONOSTEARATE. Carl D. Douglass 
and Leo Friedman. Div. of Nutrition, Food & Drug Adminis- 
tration, U.S. Dept. of Health, Education, and Welfare, 
Washington, D. C. : 

Weanling rats consuming a casein-sucrose semi-synthetic 
diet containing relatively high levels of polyoxyethylene 
monostearate (Myrj 52@) develop hyperplasia of the epithelial 
lining of the forestomach in 28 days, No such effect is 
apparent when the emulsifier is fed at the same levels mixed 
with a variety of natural rations. The protein content of the 
semi-synthetic diet exerts a marked effect on the development 
of the hyperplasia. Low-protein diets lead to more severe 
lesions. Weanling rats are much more susceptible than older 
animals, Vitamin E deficiency accentuates the development of 
the lesion. The effects of supplementing the diet with 
various minerals and amino acids will be discussed. Wheat 
bran contains a substance which prevents and cures the 
abnormality. Attempts to isolate the active fraction will be 
described, 


289 NUTRITION—Fats 
Biochemistry 


THE HEMORRHAGENICITY OF OXIDIZED LIPIDS. Jo tschiner* 
and E. A. Doisy, Jr. Dept. of Biochemistry, St. Louis Univ. 
Sch. of Med., St. Louis, Mo. 

Continuation of our studies on nutritional hypoprochrom- 
binemia in rats (Fed. Proc., 19, 421, 1960) has led to obser- 
vations of the hemorrhagenicity of some oxidized lipids. A 
purified control diet deficient in vitamin K which produced 
moderate hypoprothrombinemia became severely hemorrhagenic 
after the addition of 0.5% squalene which had been partially 
oxidized by monoperphthalic acid. The addition of untreated 
squalene was less effective but also increased the hemorr- 
hagenicity of the control diet. The effect of the oils was 
prevented by the administration of vitamin K. Other lipids 
have also been examined for their hypoprothrombinemic effect. 
Neutral fat from fresh beef or beef preserved by irradiation 
was not effective but produced hypoprothrombinemia after oxi- 
dation with perphthalic acid. A commercially obtained sample 
of oxidized soybean oil was hypoprothrombinemic. Two un- 
saturated oils, methyl oleate and methyl linoleate, were not 
effective even after oxidation. We have also female 
rats for their response to untreated and oxidized squalene. 
Hypoprothrombinemia was markedly less than observed with male 
rats. (Supported by AUS Contract DA~-49-007-MD-996). 
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FATTY ACID COMPOSITION OF TISSUE LIPID FRACTIONS IN 
PYRIDOXINE DEFICIENCY. Leon Swell, Ps E: 

dr-*, and C. Rs Treadwell. VA Center, Martinsburg, 
W. Va. and Geo. Wash. Univ. 

There is some indirect evidence that pyridoxine 
is essential for the conversion of linoleate to 
arachidonate. 
cy on the fatty acid composition (gas-liquid 
chromatography) of the cholesterol ester, triglyc- 
eride and phospholipid fractions of serum, liver 
and adrenal were determined. In pyridoxine defi- 
cient rats the triglyceride fraction of the serum 


and liver and the phospholipid fraction of the liver 
showed declines in the level of arachidonic acid and 


increases in linoleic acid. The cholesterol ester 
fatty acids in those tissues showed no significant 
change as a result of pyridoxine deficiency. Pyri- 
doxine deficiency had no effect on the serum lipid 
levels, but there were significant declines in the 
liver free cholesterol and phospholipid fractions. 
The results indicate that pyridoxine exerts an 
effect on only certain tissue lipids and lipid 
fatty acids. 
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CHANGES IN THE FATTY ACID DISTRIBUTION IN EGG YOLKS CAUSED BY 
FEEDING COTTONSEED OIL TO LAYING HENS. Robert John Evans, 
Selma L. Bandemer*, and J. A. Davidson*, Departments of 
Agricultural Chemistry and Poultry Science, Michigan State 
University, East Lansing, Michigan. 








Crude cottonseed oils and various fractions of cottonseed 
Eggs produced by the hens 
were stored for 9 to 12 months and then observed for white and 


fatty acids were fed to laying hens. 


yolk discoloration. Yolks were dried by lyophilization, and 
the lipides extracted. The lipides were saponified at ‘room 
temperature and the fatty acids extracted and methylated with 
diazomethane. The methyl esters were separated by gas-liquid 
chromatography. Eggs from hens fed crude cottonseed oil or 
fractions of cottonseed fatty acids that gave a pos. Halphen 
reaction developed pink whites and large salmon yolks during 
storage, and the yolks of these eggs contained a higher pro- 


portion of saturated and a lower proportion of monoenoic fatty 


acids than eggs from hens fed no supplement or fractions of 
cottonseed fatty acids that did not give a positive Halphen 


test. The amount that the saturated fatty acids increased was 


related to the extent of egg white discoloration. Neither 
tallows high in saturated fatty acids nor lecithin with a 
similar fatty acid distribution to cottonseed oil increased 
the content of saturated fatty acids or gave pink white 
discoloration. 
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FATTY ACID METABOLISM IN THE LIVER FOLLOWING STARVATION. A. 
S. Feigenbaus# and H. Fisher. Poultry Science Department, 
Rutgers University, New Brunswick, New Jersey. 

In the course of a series of experiments on the effects of 
protein depletion, it was noticed that fatty livers were pro- 
duced in chickens during refeeding following starvation. The 
present study was undertaken to follow the metabolism of fatty 
acids associated with this type of nutritional fatty liver. 
Two week old chickens were starved till they had lost 1/3 
their initial weight. They were then repleted on high and low 
calorie diets containing fats of varying composition. Livers 
were taken for analysis before, and after 3 and 8 days of re- 
feeding. During starvation there was apparently a preferen- 
tial retention of the tetra, penta and hexaenoic acids at the 
expense of the saturated, mono, di and trienoic acids. The 
trienoic acid was completely depleted during starvation. The 
fatty liver condition which occurred during early repletion 
diminished during prolonged refeeding. The fatty acid composi- 
tion of the liver fat was dependent on the calorie source. 
Thus with corn oil in the diet there was less monoenoic but 
more di and tetraenoic acid than when glycerol was fed. In 
the presence of dietary fat de novo fat synthesis was 
considerably reduced. These data indicate that prior starva- 
tion did not impair fat synthesis in the liver. 


The influence of pyridoxine deficien- 
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RELATIONSHIP OF DIETARY LINOLEATE TO TOCOPHEROL. R. B. Alfin 
Slater, H. W. Hansen™ and R. L. Shull? University of Calif.” 
ornia, Los Angeles, Calif. 

Studies were undertaken to investigate the relationship in 
the rat between tocopherol and various types of fat. The 
diets used included a fat-free diet as well as those to which 
were added fresh or heated fats (at a level of 30 %), contain 
ing varying levels of linoleate, with and without supplementaj 
tocopherol, Among the indices considered were growth, repro. 
duction, cholesterol levels in liver and plasma, suscepti- 
bility of red blood cells to hemolysis by peroxide, 
content of plasma, and amounts of peroxidized lipid in depot 
fat and tissues. It was found that vitamin E was required by 
the rat in the absence as well as in the presence of dietary 
fat; that most vegtable oils, and hydrogenated fats prepared 
from these oils, contained sufficient vitamin E; that some 
vitamin E was destroyed in commercial heating operations; an 
that the in vitro hemolysis test with hydrogen peroxide was 
not a reflection of linoleate toxicity. Plasma and erythro- 
cyte tocopherol levels and fatty acid composition of red blow 
cells have been correlated with the susceptibility of erythro. 
cytes to in vitro hemolysis. (Supported by grants from the 
American Heart Association and the Best Foods Division of Com 
Products Co.) 
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INFLUENCE OF HIGH AND LOW CALORIC INTAKES ON FAT 
DEFICIENCY IN DOGS. Hilda F. Wiese and Arild E. Hansen, 
Bruce Lyon Memorial Research Laboratory, Children's Hospital 
of the East Bay, Oakland, California. 

Beagle puppies 6 to 8 weeks old were given a diet extremely 
low in fat, otherwise nutritionally complete. Control animals 
were fed the same basic diet with 15% of the sucrose calories 
given as lard which provided 2% of the calories as linoleic 
acid. Litter mates were offered 100, 150 or 200 Cal/kg of 
each diet. Weight gain in the animals maintained on 100 Cal/ 
kg was almost negligible; on 150 Cal/kg the gain was normal; 
on 200 Cal/kg growth was accelerated. When the diet lacked 
linoleic acid, evidence of fat deficiency developed very early 
in puppies on the higher caloric intakes, but was extremely 
slow to develop on the restricted intake. Histologic altera- 
tions in skin tissues reflected the clinical condition. In 
control animals the same relative differences in weight gain 
occurred as in the low fat group, but there were no evidences 
of skin changes. Blood serum fatty acids showed higher levels 
of trienoic acid for the low fat group receiving 200 Cal/kg 
than for the low fat group receiving 100 Cal/kg. There were 
no significant differences in the di- tri- tetraenoic acids in 
the blood’serum of control puppies receiving 100 to 200 Cal/kg. 
(Supported in part by a grant from the National Live Stock 
and Meat Board.) 
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METABOLIC EFFECTS OF LOW-FAT FEEDING IN PREMATURE INFANTS. 
Theodore C. Panos, Barbara Stinnett*, Evelyn Cross* and 
Alice G. Beard*, University of Arkansas Medical Center, 
Little Rock. 

A highly skimmed, carbohydrate-fortified, milk preparation 
was fed to 22 premature infants for 21-70 days (average 35), 
principally to evaluate insensible weight loss (IWL) as an 
index of metabolic rate. Twelve infants fed pooled human 
milk and fourteen fed evaporated milk were concurrently 
similarly observed. Serial IWL determinations revealed no 
significant differences among the groups through six weeks. 
Among the low-fat group: transitory skin reactions were 
common (hexachlorophene 19/22, diaper 11/22); "typical" skin 
changes were conspicious in only two (after ca. 8 weeks) and 
apparent in one; stools averaged 4-5 daily, tended to be loose 
and were characteristically brown in only 7 infants; serial 
urinalyses and occasional Addis counts were normal; long- 
bone roentgenograms revealed no osteoporosis or ostemalacia in 
8/8 after 5-6 weeks; distinct irritability developed in two 
after approximately 60 days. Serial hemoglobin determinations 
revealed no differences among the groups or from the charac~ 
teristic course described in premature infants, but the usual 
spontaneous reticulocyte rise occurred earlier (by one week) 
and was more pronounced among the low-fat group. (Supported 
by a grant from Ross Laboratories) 
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AN ESSENTIAL FATTY ACID REQUIREMENT FOR CHICKENS. D. T. Hop- 
kins* and M. C. Nesheim*. Cornell University, Ithaca, N. Y. 
Studies were conducted to determine conditions necessary to 
produce an essential fatty acid deficiency in chicks. In two 
experiments, deutectomized chicks hatched from eggs obtained 
from hens on a low-linoleic acid ration were fed a basal diet 
of methanol-extracted soybean protein, sucrose, 1% hydrogena- 
ted coconut oil (HCO), methionine, glycine, cellulose, mineral 
and vitamin mix. After one week in the first experiment and 
after two weeks in the second experiment the chicks were al- 
lotted to the following dietary treatments: (1) Basal; (2) 
Basal + methyl oleate (MO); (3) Basal + methyl linoleate (ML); 
(4) 25% HCOs; (5) 25% HCO + MO; (6) 25% HCO + ML. ‘The pure 
fatty acid esters were administered twice a week by capsule. 
In the first experiment after the chicks had received 1.5 ml 
of supplement, the following average  week-weights in gms 
were obtained: (1) 369; (2) 3823 (3) lls; (4) 368; (5) 3hb; 
(6) 16. In the second experiment after administration of 
3.0 ml of supplement, following average 5-week weights were 
observed: (1) 588; (2) 58h; (3) 599; (4) Sh2s (5) SOs (6) 
564. Statistical analysis showed that the growth response 
from ML was significant (P<.01) in both experiments, although 
in the second experiment a growth improvement from ML was ob- 
tained only in the presence of 25% HCO. 


Nutrition 


CHANGES IN FATTY ACID COMPOSITION IN SKELETAL MUSCLE OF RATS 
INDUCED BY VARYING THE LIPID IN THE DIET . Bernard Century,* 
L.A.Witting,* C.C.Harvey,* and M. x.foreitt. "Sees 
Research Lab., Elgin State Hospital, n, Ill. 

Diets which promoted the appearance of nutritional dystro- 
phy in the vitamin E deficient rat (J.Nutr.,72:357,1960) 
also increased the levels of the more easily peroxidized 
highly unsaturated fatty acids in muscle. Rats were fed 
diets containing 0.2% or 15% corn oil, 15% coconut oil, or 
% cod liver oil for 6 and 21 week periods, Gas chromato- 
graphic analyses of muscle lipids from the 15% corn oil group 
showed higher percentages of linoleic, arachidonic, 
pentaenoic, and hexaenoic acids, with less palmitoleic and 
oleic acids, as compared with determinations from rats on 
0.2% corn oil or 15% coconut oil. The lowest levels of 
linoleic acid and almost no arachidonic acid occurred in the 
% cod liver oil group, with higher percentages being seen of 
palmitoleic, oleic, eicosaenoic (20:1), eicosatrienoic (20:3), 
and three pentaenoic acids, including 17% of docosapentaenoic 
(22:5) acid. The possibility that the accumulation of 
autoxidizable lipids in muscle is a primary criterion in the 
production of dystrophy requires further study. 
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EFFECT OF COLD ON EXPERIMENTAL ATHEROSCLEROSIS. G. V. 
Vahouny*, A. Moede* and C, R, Treadwell. Dept. of Biochem- 
istry, George Washington Univ. School of Medicine, Washington, 
D.C. 

Four groups of 8 albino rabbits each were maintained at 
25° or 1’ C. for ten weeks, The control group at each tem- 
perature was given rabbit chow, plus 2.8 gm. lard per rabbit 
per day; experimental animals received the same diet, plus 
1 gm, cholesterol per day, Weekly blood samples were obtain- 
ed from all rabbits, and after ten weeks, liver and thoracic 
aorta were removed for analysis of lipid components, Plasma 
esterified cholesterol and neutral lipid levels rose markedly 
in the cholesterol-fed rabbits at 25°C, At 1°C,, elevation 
of plasma esterified cholesterol was less marked, and neutral 
lipid levels were relatively constant throughout the experi- 
mental period. Control groups fed lard at each temperature 
showed little change in the plasma lipid levels or in the 
Plasma lipid partition. The grade of experimental atheroma 
in the cholesterol-fed rabbits at both temperatures was com- 
Parable, as were the levels of free and esterified choles- 
terol in thoracic aorta, However, the neutral lipid fraction 
of thoracic aorta was lower in the cold-exposed rabbits than 
in the animals at room temperature, (Supported by a grant 
from USPHS). 
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INFLUENCE OF DIETARY FAT ON SERUM AND TISSUE 
CHOLESTEROL LEVELS IN HYPER-, HYPO-, AND EU- 
THYROID RATS. Karoly G.Pinter*,James G.Hamilton* and 
O.Neal Miller. Tulane Univ. Sch. of Med. , New Orleans, La. 

e c changes were induced on several groups of rats 
(10 ea.) by supplementing their diets with 0.3 % thiouracil or 
0.05 % iodinated casein. 40 % of the calories were either 
butter or cottonseed-oil, thus serving as a comparison in 
each 2 week experimental period. Weekly serum cholesterol 
determinations were done by quantitative glass-paper chrom- 
atography. Livers, adrenals, and aortas were analyzed for 
cholesterol at the termination of experiments. The following 
representative results were obtained: a) changing animals 
from normal to "hypo-metabolic" state resulted in increases 
of 114 mg % and 66 mg % on diets containing saturated or un- 
saturated fat, respectively, b) rats changed from "hyperme- 
tabolic" to "hypometabolic" state, resulted in an increase of 
25 mg 4 on the diet containing saturated fat as compared to 
46 mg % decrease in rats fed unsaturated fat. The tissue 
levels of cholesterol were not significantly different in any of 
the groups regardless of metabolic state. These and other 
metabolic changes suggest that 1) unsaturated fat has a ser- 
um cholesterol lowering effect which is independent of the 


state of thyroid 2) the serum cholesterol level is not inversely 


related to tissue cholesterol level in short term experiments. 
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THE EFFECT OF DIETARY FAT AND OIL ON SERUM AND LIVER CHOLESTER- 
OL IN FEMALE CHICKS. E,C.Miller™, HaMenge and C.AsDenton, U.S. 
Dept. of Agr. Animal Husbandry Research Division. 

Female chickens were fed a basal diet (21% protein) sup- 
plemented with 0.5% cholesterol and 3% fat or oil. The chicks 
were fed the experimental diets from one day to 4 weeks of age. 
Serum and liver cholesterol determinations were made when the 
chicks were 4 weeks old. The fat or oils used with their io- 
dine values (Wijs) were menhaden oil (203), tuna oil (203),sar- 
dine oil (160), red fish oil (129), refined corn oil (125), 
cottonseed oil (115), and lard (66). 

The addition of 3% fat or oil to the basal diet without 
cholesterol supplementation did not increase serum cholesterol. 
When 0.5% cholesterol was added to the diet, type of oil fed 
had a definite effect on serum and liver cholesterol levels. 
The group fed lard had the highest serum cholesterol level. The 
group fed either cottonseed oil or corn oil had significantly 
higher serum cholesterol levels than any of the groups fed the 
fish oils. Although feeding fish oils to cholesterol supple- 
mented chicks resulted in a lower serum cholesterol level than 
was observed when lard, corn oil, or cottonseed oil was fed, 
only the groups fed the more saturated fish oils (redfish or 
sardine) had low liver cholesterol levels. Feeding the highly 
unsaturated fish oils (menhaden or tuna) lowered serum, but 
not liver cholesterol. 
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EFFECT OF AGE AND DIETARY FAT ON RAPIDLY MIGRATING SERUM 
PROTEIN COMPONENT(S). Florence L. Lakshmanan*. Human 
Nutrition Research Division, USDA, Washington, D. C. 

Weaned male rats were fed a semi-purified (basal) diet or 
this diet with 25% replaced by dried cooked egg; the levels of 
fat were 8% or 16% and the fats were either hydrogenated 
vegetable fat, lard, butter, corn oil, safflower oil, or a 
blend of fats similar in composition to the average consumed 
in the U. S. Moving boundary electrophoresis was performed on 
the sera after fasting the rats overnight at the ages of 250, 
350, 450, and 550 days. The frequency of occurrence and the 
amount of the component(s) migrating faster than albumin 
depend on the diet. On the basal diet with 8% hydrogenated 
vegetable fat some rats had the component(s) in low amounts 
at all ages except at 550 days when the amount increased. At 
the 16% level of fat the amounts were high from 350 through 
550 days. On the egg diet containing 16% fat, the amount of 
the component(s) was high at 350 and 450 days as well as a 
high frequency (90%) at 350 days. On the basal diet the 
blended fat showed higher values of the component(s) than did 
the hydrogenated vegetable fat. On the egg diet values were 
highest for the blend and safflower oil and lowest for butter 
and corn oil. In 95% of the rats with serum cholesterol 
values above 300 mg% the component(s) were high except on 
butter and on corn oil. 
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INCORPORATION OF SUBSTRATE CARBON INTO PROTEIN OF RAT ADIPOSE 
TISSUE IN VITRO: OF STARVATION AND REALIMENTATION. 
M. Guillermo Herrera” and Albert E. Renold”, Harvard Medical 
School, Boston, Mass. 

During incubation in vitro rat epididymal adipose tissue 
has been shown to ipperporate measurable amounts of substrate 
carbon (glucose-u-c! > prenecs acetate-1-C 4 MeHC 
as well as glycine-1-cl ® leucine-1-cl4 or leucine-2-c14) into 
TCA precipitable material which was then hydrolyzed and sub- 
jected to two dimensional chromatography. Radioautographs of 
the chromatograms permitted tracing the labeled carbon into 
the individual amino acids of the hydrolysate. Starvation for 
96 hours reduced the rate of carbon incorporation into protein 
by approximately 50%. Subsequent realimentation resulted in 
marked stimulation of substrate carbon incorporation into pro- 
tein. Maximum activity with regard to incorporation of leu- 
cine-1-Cl4 into protein from insulin stimulated adipose tissue 
(0.109+0.004 uM/mg.N in 3 hours as compared with 0,051+0.004 
uM/mg.N in the tissues of starved animals) occurred 36-48 hrs. 
after the beginning of realimentation and coincided with max- 
imal increase in the ratio of glucose carbon-1 oxidation over 
glucose carbon-6 oxidation. This phase of greatest amino acid 
incorporation into protein preceeded the attainment of maxi- 
mal lipogenetic activity by the isolated tissue. 
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THE INFLUENCE OF OXIDATION PRODUCTS FROM DIETARY FATS ON CHICK 
ENCEPHALOMALACIA, M. G. Kokatnur, V. R. Bhalerao, and F. A. 
Kummerow, University of Illinois, Urbana. 

Three dietary factors seem to be responsible for the 
development of chick encephalomalacia, namely, the absence of 
vitamin E, the presence of unsaturated fat per se, or the pre- 
sence of oxidation products of unsaturated fat. In order to 
determine which factor is responsible, three groups of chicks 
were kept on a fat free basal diet containing 30% protein with 
adequate nutrients and minerals. The diet was supplemented 
with all the vitamins except vitamin E, ascorbic acid, and 
inositol. One group of chicks was fed corn oil stripped of 
vitamin E while the other two groups received oxidized corn 
oil or oxidized corn oil treated with sodium bisulfite. All 
the fats were administered to individual chicks by stomach 
tube everyday. The fat supplement was fed at a level of one 
gm. per day during the first week and was increased to four 
gm. per day at the beginning of the fourth week. Most of the 
chicks in the group fed oxidized corn oil and bisulfite 
treated oxidized corn oil showed positive symptoms of ence- 
phalomalacia. The group fed unoxidized stripped corn oil 
failed to show any signs of the syndrome. The ingestion of 
in vitro oxidation products of dietary fal: therefore seems to 
be responsible for the development of chick encephalomalacia 
in the absence of vitamin E. 
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FATTY ACID COMPONENTS OF PLASMA AND LIVER LIPIDS AS AFFECTED 
BY DIET. Ruth Okey, Rosemarie Ostwald*, E. Lis* and Joan 
Tinoco, fron the fept- of Watrition, Univ-oF Calif. Berkeley. 
“Pata are from silicic acid column fractionation of the lip- 
id extracts followed by gas-liquid chromatography. Young rats 
fed adequate diets containing 10% respectively of coconut, 
cottonseed or safflower oil for periods varying from 1 to 12 
weeks furnished the samples. Animals were fasted 12 to 15 
hours preceding autopsy. Notable findings were: I.. cholesterol 
ester. a) This fraction in liver contained much lower 
‘arachidonic acid than in plasma. It decreased in both tissues 
when cholesterol was fed. b) Ester linoleate in both tissues 
increased with intake of linoleic acid. c) Monoenoic acids 
were higher in liver than in plasma ester. d) % saturated 
acids in liver decreased when cholesterol was fed. Il. Tri- 
Gircerites a) contained little arachidonic acid in either 

ver Or p. - b) % of other fatty acids, notably linoleic, 
increased with intake. Fraction ITI. in liver, held more 
arachidonic acid than in plasma. IV. Phospholipids of liver 
contained higher and less variable % arai ¢ acid than 
plasma. % of mono- and dienoic acids varied with diet. Dif- 
ferences in fatty acid components of phospholipid and cho- 
lesterol ester suggest that plasma cholesterol ester may 
serve as a carrier of essential fatty acid. (Supported in 
part by PHS grant H-2152.) 








CHANGES IN THE FATTY ACID COMPONENTS OF ADIPOSE TISSUE 
DIET. Rosemarie Ostwald*, Ruth Okey and Angela Shannont, ~ 
from the Dept. of Nutrition, Univ. of +, berkeley, yi 
The persistence of high percentages of linoleic acid in 
the plasma cholesterol esters of human subjects after with. 
drawal of a safflower oil diet has suggested preferential 
tention of linoleate in adipose tissue. To test whether thig 
might be true in rats, measurements of the fatty acid Compo. 
nents of three types of adipose tissue have been made. Wean 
ling rats were fed adequate semi-synthetic diets containing 
10% coconut oil for 3 weeks. Part were then transferred to, 
like diet containing safflower oil. After another 3 weeks 
part of these were put back on the coconut oil diet. Animals 
from both control and experimental groups were sacrificed a 
one and at three weeks after the transfer to safflower oil, 
and at one, three and six weeks after retransfer to coconut 
oil. Fatty acid components of mesenteric, subcutaneous ani 
interscapular fat were determined by gas-liquid chromatog. 
raphy. Percentages of linoleate decreased least rapidly in 
subcutaneous fat after removal of the linoleate-rich diet, 
those in interscapular fat, most rapidly. Expressed as mg, 
fatty acid / mg. N, maximal values in subcutaneous fat of fe 
males were observed a week after withdrawal of safflower oil, 
Tissue transfer is suggested. Percentages of laurate reflect. 
ed intake only. (Supported in part by PHS grant H-2152.) 
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THE EFFECT OF RAW SOYBEANS ON FAT DIGESTIBILITY IN THE YOUN 
CHICK. M. C. Nesheim*, S. Brambila* and D. T. Hopkins*, 
Cornell University. Ithaca, New York. 

In a series of experiments on the metabolizable energy 
value of raw soybean oil meal for the young chick, observa- 
tions were made on the effect of the raw meal on fat digesti- 
bility. The basal diet used contained 10% soybean oil and 
50% soybean oil meal, 3/5 of which was raw and 2/5 heated, 
When this diet was fed, 2 week old chicks absorbed 9% of th 
dietary soybean oil and in another experiment soybean oil wa 
73% absorbed by 3 week old chicks. In both experiments soy- 
bean oil in diets containing completely heated meal was over 
94% absorbed by the chicks. There appeared to be a marked 
effect of age of the chick on the lowered digestibility of 
soybean oil resulting from dietary raw soybean oil meal. 
Most of the effect on digestibility caused by raw soybean 
oil meal disappeared by the time the chicks were weeks old, 
Preliminary evidence suggests that the trypsin inhibitor in 
the raw soybean oil meal may be involved in the poor fat 
digestibility since either a crude trypsin concentrate or 
crystalline trypsin caused a marked improvement in the ab- 
sorbability of the oil in the above experiments. 
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SERUM LIPIDS OF CONGO PYGMIES. Oswald A. Roels, G.V. 
Mann, J. Merrill & Marian Trout. Institute of Nutrition 
Sciences, Columbia University, Institut pour la Recherch 
Scientifique en Afrique Centrale, Congo, Vanderbilt 
University and VA Hospital, Nashville, Tennessee. 

In the framework of a wider study concerning the rela- 
tion of coronary heart disease to environmental condi- 
tions and nutritional status, serum lipids and serum 
proteins of over 200 Congo Pygmies living in the Ituri 
district of the Congo were studied. The average serum 
level per 100 ml of the adult men was found to be 101 
mg for cholesterol, 254 ml for total fatty acids, 250 
microgram for carotene and 54 microgram for Vitamin A. 
The corresponding levels for the adult women were 111 
mg cholesterol, 284 mg fatty acids, 287 microgram 
carotene and 49 microgram Vitamin A. The serum choles- 
terol of the women was significantly higher than that 
of the men. Total serum proteins were quite high due to 
unusually elevated gamma globulin levels. As in other 
population groups studied by two of us (OAR & MT) in 
Africa, low serum cholesterol and total fatty acid levels 
coincide with a low incidence of coronary heart disease 
in these Pygmies. (Supported by Instit pour la Rechercht 
Scientifique en Afrique Centrale, Belgian Congo & NIH. 
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ACUTE EFFECTS OF FEEDING RATS NON-UREA-ADDUCTING (UREA- 
FILTRATE) FATTY ACIDS. Leo Friedman, Glen M. Shue,* Carl D. 
lass, and David Firestone.* Bureau of Biological and 
ical Sciences, Food and Drug Administration, U. S. Dept. 
of Health, Education and Welfare, Washington, D. C. 

The metabolism of a non-urea-adducting monomeric fatty 
acid fraction derived from overheated fats [L. Friedman, 
yn, Horwitz, G. M. Shue and D. Firestone, Fed. Proc. 19, 324 
(1960) ] has been further studied in rats. The survival-dose 
and weight loss-dose relationships have been determined over 
aweight range of 30-160 grams. The LD-100 is approximately 
10 gm/kg body wt. The almost complete inhibition of food and 
water intake does not explain the lethal effects observed. 
Fatty livers produced in these animals show large increases in 
"seutral" fat, rather than in phospholipid or cholesterol. 
The non-urea-adducting fatty acids in the test material con- 
tain approximately 60% of unidentifiable fatty acids, as 
determined by gas chromatography, whereas the fatty acids 
igolated from the liver fat of animals fed this material con- 
tain few fatty acids that chromatograph differently from 
normal fatty acids. The increase in liver lipids consists 
primarily of materials behaving chromatographically as C-16 
saturated and C-18 mono and diene acids. 
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DELIVERY OF THE GERMFREE PIG. Jerome J. Landy* and Russell L. 


Sandberg.” Univ. of Arkansas Med. Center, Little Rock, Ark. 
Physiological experimentation on germfree animals has been 
limited to the smaller species. The germfree pig is an ideal 
animal for operative procedures and when sizeable amounts of 
blood, secretions, etc., are needed. The litters are large, 
the definitive diet is taken within hours without hand 
feeding, and these animals have very little gamma globulin. 
Three successful consecutive operative procedures have pro- 
duced 15 germfree animals, 110-112 days post-conception. Ths 
first germfree pig was obtained by hysterectomy June 7, 1960. 
Subsequent litters were obtained by Cesarean section. A 
cautery incision was made through the floor of a sterile 
plastic isolator attached with sterile adhesive to the 
prepared abdomen of the supine gilt. Newborn pigs were 
stripped from the uterus and fetal membranes and transferred 
to attached sterile isolators. These animals have been 
maintained solely on a diet of cow's milk with supplemental 
minerals and vitamins, autoclaved together for approximately 
20 minutes at 120° C. These germfree pigs grow at least as 
well as control pigs on a conventional or milk diet. 
Practical deliveries of large germfree animals have been 
successfully carried out. (This study is supported by N.I.H. 
Grant E-2621.) 





291 NUTRITION—Growth Factors 
Pharmacology 


LOW TEMPERATURE ACTIVATION OF A GROWTH FACTOR. 
Francis W. Sayre*, Eder L. Hansen, and Evangeline A. Yarwood*. 
Kaiser Foundation Res. Inst., Richmond, California. 

An (NHg)2S04 fraction from liver serves as a supplement to 
a chemically defined basal medium for culture of the nematode, 
Caenorhabditis briggsae, and when included at 3.8 mg. protein 
per ml. permitted a generation time of 21 days. After freez- 
ing the supplement with basal medium, 0.38 mg. per ml. sup- 
ported a generation time of 5 days, an activation of about 
80 fold. The only components of the defined medium that in- 
duced activation were thymine and the nucleotides, adenylic, 
guanylic, cytidylic, and uridylic acids, each included in the 
medium at 1 mM concentration. Activation was accompanied by 
& spectral change. Upon structural consideration, urea was 
tried and found to produce activation; a downward shift of 
thout 120 A was observed in the peak at 2790 A. Activation 
vas lost by holding after thawing, and the spectrum reverted 
to that of the inactive material. Re-freezing restored both 
the spectral shift and biological activity. A reversible 
shift in optical rotation was also observed upon freezing. 
Asimilarly prepared fraction which did not show activation 
in biological test, showed no rotational shift. These phys- 
{eal changes suggest correlation between a reversible struc- 
tural change and biological activation. (Supported in part 
by N.I.H. Grant E-926.) 








Pathology 


COMPARISON OF GROWTH POTENTIAL OF THE GROWTH-PROMOTING FACTOR 
OF TISSUE IN YOUNG AND ADULT RABBITS. a Menkin. Univ. of 
Kansas City School of Dentistry, Kansas City, Mo. 

A growth-promoting factor present in exudates offers an ex- 
planation for the mechanism of repair in inflammation. Studies 
have been undertaken to compare the growth potential of this 
factor recovered also in homogenates of liver and kidney of 
immature rabbits (2-3 days old) with that from organs of adult 
rabbits. Under aseptic precaution the liver and kidney are re- 
moved and homogenized in several ml. of distilled water. The 
pooled organs of immature rabbits are weighed and an identical 
weighed amount is taken from the corresponding organ of the 
adult animal, The homogenate is dialyzed at 10°C. against 50 
ml. of distilled water for a period of a week to 10 days. The 
same procedure is followed with corresponding organs removed 
from imaature and adult rabbits. 0.2 ml. of the diffusate is 
injected three times weekly into the cutaneous tissue at the 
base of the nipples of a recipient non-pregnant rabbit for a 
period of approximately wks. At the end of the period of in- 
jections the animals are sacrificed, and the volume of the nip- 
ple region is estimated by calliper measurements as described 
previously (Menkin 1959). The results indicate considerably 
more potent fractions of the growth-promoting factor recovered 
from organs of immature rabbits than from those of adult ani- 
mals. (Aided by a grant from the U.S. Public Health Service) 
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GROWTH 'STIMULATION' BY PHENOTHIAZINES IN RATS FED NUTRITION- 
ALLY OPTIMAL DIETS. Sammel M. Greenberg, Theodore Sllison and 
Joyce K. Mathues. Smith Kline & French Labs., Phila., Pa. 

Growth stimulation experiments with antibiotics and chemi- 
cals including the phenothiazines (Proc. Soc. Exp. Biol. & 
Med., 1959 v. 102, 59-599) have been effective almost ex- 
clusively in animals on nutritionally inadequate diets. SK& 
5354-A [10-(3-dimethylamino-2-methylpropyl) -2-trifluoromethyl- 
phenothiazine hydrochloride] within a narrow range of dosage 
produced significant growth enhancement in healthy rats on a 
nutritionally adequate diet. Young adult male rats of the 
Long-Evans strain showed the following weight gains in eight 
weeks when pleced on a synthetic diet containing SK& 535)-A 
at a level which supplied the rat with 75 meg/kg/body wt./day: 
Controls with a base line weight of 186 gm. gained 1) gm.; 
SK&F 535h-A group with a base line weight of 186 gm. gained 
179 gm. ('P’ value for control vs. treated gains = .0005). 
The drug increased efficiency of food utilization over con- 
trols, The synthetic diet was tested for nutritional adequacy 
by comparing growth of rats on it with growth of similar rats 
on Purina Laboratory Chow; over an eight week period growth 
rates were identical. Data will be oresented showing 
structure-function relationship of phenothiazines to growth- 
stimulating properties. 


Nutrition 
GROWTH INHIBITION BY UNHEATED SOYBEANS. Richard H. Barnes, 
Eva and Grace Fiala.* Grad. School of Nutrition, 


Cornell Univ., I N.Y. 

Percentage decrease in maximal growth rate of rats ob- 
served when unheated soybean products are fed at high levels 
of protein intake has been used as a measure of an "inhibi- 
tory index." This effect is separate from well known or pro- 
posed defects in digestion and absorption, biological value 
or endogenous loss of amino acids that should be overcome by 
incorporating sufficient protein in the diet. Different 
batches of commercially prepared solvent extracted soy flakes 
vary widely in "inhibitory index." Conventional rats show a 
direct relationship between "inhibitory index" and trypsin 
inhibitor activity but no correlation with urease activity. 
Neither urease nor trypsin inhibitor activity correlates with 
"inhibitory index" when coprophagy is prevented. Crystalline 
trypsin blocks growth inhibition of unheated soy flakes in 
conventional, but not coprophagy-prevented rats. On the 
other hand, trypsin is toxic in both type rats when fed with 
heated soybean oil meal, Feces of rats receiving unheated 
soy flakes are toxic when fed to rats in which the natural 
practice of coprophagy has been prevented. It is concluded 
that in the absence of coprophagy some factor other than 
trypsin inhibitor is the major contributor to growth inhibi- 
tion caused by unheated soybeans. 
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ISOLATION OF GROWTH FACTORS (S-193 and S-300) FROM CRUDE 
DIETARY SOURCES. J. R. Couch and H. D. Stelzner+ 
Texas Agricultural Experiment Station, College Station, Tex. 
A crystalline material (S-300), insoluble in isopropanol, 
which charred at 290° C., was isolated from distillers 
dried solubles. The active component produced a growth res- 
ponse of 7-15% with chicks and turkey poults when added to 
a complete synthetic diet at a level of 0.20 mg/kg. A 


second crystalline isolate, (S-193), insoluble in isopropanol . 


with a melting point of 191-1930 C , stimulated growth of 
turkey poults 5-16% when added to a complete synthetic diet 
at a level of 0 5 mg/kg. Ash of the active materials failed 
to produce a significant effect on growth illustrating the 
organic nature of both factors 

The factors were found to be insoluble in ether, chloro- 
form, isopropanol, and benzene; soluble in water, ethanol 
and acetone; and stable to acid or alkaline hydrolysis, 
autoclaving and dry heat 

S-193 was found in distillers dried solubles, condensed 
fish solubles and dried brewers yeast; S-300 was present 
in distillers dried solubles, dried whey, dried brewers 
yeast, and soybean oil meal. 


Nutrition 


DEPRESSION OF UREASE ACTIVITY IN THE GASTRO- 
INTESTINAL TRACT BY CHEMICAL AGENTS. W. J. Visek, 
A. I. Jacobson*, M.E. Iwert* and A.P. Alvarez*. Dept. of 
Pharmacology, The Univ. of Chicago, Chicago, Ill. 

Chicks were fed until 4 weeks of age on suboptimal soy- 
bean diets supplemented with alloxan, murexide and barbi- 
turic acid. Levels up to 0.01 mole per kg of diet were fed. 
Sacrifice at 4 weeks revealed that the urease activity of the 
gastrointestinal contents in the supplemented birds was de- 
pressed. Body weights and urease activity as a percent of 
control for the highest level of supplementation were: con- 
trol 488 g (100%); alloxan 506 g (73%); murexide 422 g (44%); 
and barbituric acid 482 g (75%). No gross pathologic changes 
were observed. Histological studies are in progress. Our 
previous work has shown depression of urease synthesis by 
diets containing antimicrobial agents at 100 ppm. Inhibition 
of the formed enzyme by immunity to jackbean urease has 
been shown by us to increase growth or efficiency of growth 
in rats and chicks. The present studies demonstrate a third 
means of inhibiting gastrointestinal urease activity, chemical 
inhibition. Data will be presented on growth of rats and 
chicks fed various levels of these agents. 
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GROWTH OF RATS CORRELATED WITH RIBONUCLEASE ACTIVITY AND 
RIBONUCLEIC ACID. J. B. Allison, Re We Wannemacher, Jr.*, 
Le Pe Parmer*, Re Gomez*e Rutgers * The State University, 
New Brunswick, Ne Je 
The rates of growth of rats fed different dietary proteins 

of varying nitrogen intakes were correlated with serum and 
liver ribonuclease activities and the magnitude of the ribo- 
nucleic acid content of the liver. For example, male Wistar 
rats were fed a purified diet containing 0,9,12,18,25, or 35 
per cent of casein. The rate of increase in body weight with 
respect to nitrogen intake over a period of rapid growth was 
called the nitrogen growth index. Ribonuclease activity 
decreased in the serum and in the liver as the nitrogen intake 
was increased. An increase in ribonucleic acid (RNA) in the 
liver was associated with the decrease in ribonuclease 
activity. The RNA phosphorus, for example, increased from 
approximately 0.4 to 0.9 mg per gm of liver tissue. The 
desoxyribonucleic acid phosphorus per gm of liver tissue, on 
the other hand, was independent of the dietary nitrogen 
intake. The smount of protein per gm of liver increased 
concomitantly with the rise in ribonucleic acid and the fall 
in ribonuclease activity. A homeostatic mechanism involving 
ribonucleic acid and ribonuclease activity for control of 

‘ protein metabolism, particularly of the protein reserves, 

is considered. 
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INFLUENCE OF DIETARY PROTEIN LEVEL ON AMINO ACID REQUIREMEy) 
OF THE RAT. G. A. Leveille* and H. E. Sauberlich. U. §, dy 
Medical Research & Nutrition Lab., Denver, Colo. i 

Weanling male rats were fed diets containing 10, 15 or 2 
protein. The protein was composed of a mixture of egg albmy 
and nonessential amino acids and formulated in such a manner 
as to supply levels of 32, 42, 52 and 62% of the protein ag 
"essential" amino acids at each protein level. The animals 
receiving the 10% protein diet showed a growth response at 
each increasing level of essential amino acids fed. ‘The anj. 
mals fed the diet containing 15% protein demonstrated a grovi 
response when the level of essential amino acids was increagy 
from 32 to 42%, and from 42 to 50% of the protein. When the 
dietary protein level was increased to 20%, however, the 
difference in growth was between the rats fed 32 and a4 of 
the protein as essential amino acids; the groups receiving ky, 
52 or 62% of the protein as essential amino acids all showej 
similar weight gains. The data indicate that the requirement 
of the essential amino acids for maximum growth, or trypto- 
phan, the limiting amino acid, decreases when expressed as 4 
percentage of the protein, although the requirement as a 
percentage of the diet increases. 
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FISH PROTEIN AS A SOURCE OF AMINO ACIDS IN A PURIFIED DIST FR 
Cornell University, 


CHICKS. T. R. Zeigler* and M. L. Scott. 
Ithaca, New York. 

According to its analysis, fish protein is a complete sou 
of amino acids for the chick. However, in experiments in whith 
27 gems of isolated soybean protein (38.5% protein-Assay Cl), 
0.7 gms of di-methionine and 0.3 gms of glycine were replaced 
with 27 gms of fish muscle protein (93% protein-Viobin) per 
100 gms of purified diet, the results of four experiments shai 
that chick growth at 4 weeks of age was decreased from an avep 
age of 580 gms on the soybean protein diet to only 6 gms for 
the chicks receiving the fish protein diet. Poor feathering 
also occurred. Repeated washing of the fish protein with wir 
at pH 4.7 and/or the addition of various sources of chick un 
identified growth factor supplements failed to improve growth 
Supplementing the fish protein diet with 0.25% l-arginine, 
0.35% l-leucine, 0.1% histidine and 1.0% glycine produced a 
slight growth increase; increasing the amount of fish protein 
from 27% to 37% produced a 12% increase; whereas addition of 
10% isolated soybean protein, either isonitrogenously or asa 
substitute for glucose, promoted approximately 18% increase in 
chick growth. Results indicate either a serious deficiency or 
imbalance of essential amino acids in the fish protein, or th 
presence in soybean protein of an unidentified chick growth 
factor. 
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THE EFFECT OF THREONINE DEFICIENCY ON SUS- 
CEPTIBILITY OF RATS TO INFECTION WITH TRYPANO- 
SOMA CRUZI. Robert G. Yaeger* and O. Neal Miller, 
Tulane Univ. Sch. of Med., New Orleans, La. 

3 groups (30) male albino rats (35 g. ea.) were fed ad lib- 
itum with isonitrogenous diets which contained the same 
amount of vitamins, fat, carbohydrate and salts but differed 
in composition of protein. Group A (controls), 18 % casein; 
group B, 9 % gluten + essential amino acids (except threo- 
nine) to make the diet equivalent to A-diet; group C, same a 
B-diet + threonine to be equivalent to A-diet. Diets A and C 
contained sufficient levels of all amino acids required 
growing rats; diet-B contained only 33 % of the required thre 
onine. After 3 weeks, 25 rats from each group were inocu- 
lated with T. cruzi; the av. wt. for the groups at this time 
were: A, 151g; B, 43 g; C, 151 g. Parasitemia determina- 
tions were made 3 times per week. Parasitemia in group B 
increased more rapidly and reached the highest level where- 
as infection in group A developed more slowly and was much 
less severe; parasitemia in group C was higher than in grow 
A, but significantly less than in group B. These results are 
similar to those obtained with an equivalent deficiency of ly- 
sine. In both studies it was noted that the casein-diet was _ 
superior, with respect to parasitemia, to diets of gluten o 4 
plemented with amino acids to be equivalent to the casein- 
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Nutrition 


NUTRITIONAL VALUE OF THE PROTEINS OF TURKEY MEAT. S.P. Yang*, 
Helen E. Clark, and Jaclin H. Christian*, Dept. of Foods and 
utrition, School of Home Econ., Purdue Univ., Lafayette, Ind. 
The nutritional value of the proteins of turkey meat for 
young rats was compared with that of whole egg solids or whole 
milk solids when tested at a protein level of 10%. The pro- 
tein efficiency and biological value of turkey proteins were 
lower than those of egg proteins. Addition of methionine to 
turkey proteins increased the protein efficiency and biolo- 
gical value of the proteins, but the values were still lower 
than those of egg proteins. The protein efficiency of turkey 
proteins was greater than that of milk proteins and similar to 
that of milk proteins supplemented with cystine. Diets con- 
taining 10% of protein which was supplied by wheat flour alone 
or by various combinations in which flour provided 8.75, 7.5 
or 5.0% of protein and turkey meat, egg solids or milk solids 
provided 1.25, 2.5, or 5.0% of protein, were tested. Diets 
containing flour plus turkey proteins resulted in greater 
weight gains and protein efficiency than did those containing 
egg solids or milk solids. Diets containing 5% of protein from 
flour and 5% of protein from defatted turkey meat, defatted 
egg solids or non-fat milk solids, without or with lactose 
and/or lysine, also were tested. Results from this experiment 
indicated that the higher nutritive value of the diets contain 
ing turkey meat was probably due to the higher lysine content. 
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EFFECT OF PREVIOUS DIETARY PROTEIN LEVEL ON THE BODY COMPOSI- 
TION OF PIGS FED A NONPROTEIN DIET. L. J. Filer, Jr., Oliver 
W. Vaughan*, and Helen Rezabek*, Ross Labs., Columbus, Ohio. 

In a recent report (V International Congress of Nutrition), 
evidence was presented which indicated that pigs fed a high 
protein diet and then placed on a nonprotein diet contimed 
to catabolize their body proteins more rapidly than pigs pre- 
viously fed a low protein diet. Body composition data on 
these pigs, fed a protein-free diet for 10) days after re- 
ceiving either a high (50%) or a low (1%) protein diet for 
eight weeks, constitute the present report. The pigs which 
received the high protein diet gained more weight--as fat— 
and lost more nitrogen while on the protein depletion regi- 
men than pigs previously fed the low protein diet. In both 
groups a kwashiorkor=-like state manifested itself with gen- 
eralized edema, muscular atrophy and fatty liver. 


Nutrition 


THE EFFECT OF AGE ON THE CONCENTRATIONS OF ENZYMES IN THE 
LIVERS AND KIDNEYS OF NORMAL, PROTEIN-DEPLETED AND PROTEIN- 
RSPLETED RATS. Cs He Barrows, Jr. and .* Geron- 
tology Branch, NHI, NIH, and Balt. City Hosps., Baltimore, Mde 
Livers and kidneys of rats (1, 3.5, 12 and 24 months old) 
were analyzed to determine the changes that occur with age in 
the concentrations of various enzymes, vize succinoxidase, d- 
amino acid oxidase, pseudocholinesterase, pyrophosphatase, al- 
kaline phosphatase, cathepsin and acid phosphatase. Ten ani- 
mals of each age group (offered Purina Laboratory Chow ad lib.) 
were used to determine the agewise changes in the enzymatic 
activities and to serve as controls for the depleted and re- 
Pleted rats. The most striking age dependent changes in the 
enzyme concentrations occurred between 1 and 3.5 months. No 
marked (> 15%) senescent changes were observed except for the 
increased (+60%) catheptic activity in the oldest animals. 
Three additional groups (ten animals per group) of the 3.5, 12 
and 24 month old rats were fed a protein-free diet for 21 days 
One group at each age level was sacrificed either: (1) immed- 
lately after the 21 day depletion period, (2) after three days 
of repletion (gd lib. feeding of Purina Laboratory Chow) or 
(3) after seven days of repletion. Although striking altera- 
tions in most of the enzyme concentrations were observed fol- 
protein depletion and repletion, no marked age differ- 
ences were found. 
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EFFECT OF CALORIE INTAKE ON BIOCHEMICAL LESIONS ASSOCIATED 
WITH PROTEIN MALNUTRITION. Florence Theophilus* and Richard H. 
Barnes. Grad. School of Nutrition, Cornell Ve, Ithaca, N. Y. 

An attempt has been made to reproduce in weanling rats the 
biochemical lesions associated with kwashiorkor. Group 1 was 
fed 3.5% lactalbumin diet ad libitum (all other essential nu- 
trients to satisfy minimum requirements), groups 2 and 3 were 
force fed the average amount eaten per day by group l. Group 
3 was force fed, in addition, approximately 30% more calories 
as carbohydrate. After 20 days the rats were sacrificed and 
tissues taken for chemical analysis and microscopic examina- 
tion. The average total liver lipids in groups 1; 2 and 3 were 
6.7, 9-0 and 21.0% respectively. In the microscopic examina- 
tion, moderate fatty infiltration in group l, severe fatty in- 
filtration in the peripheral part of the lobuli only in group 
2, and extremely severe fatty infiltration of the cord cells 
in group 3 were noted. ‘The total serum protein level and the 
serum albumin level were below normal in all three groups and 
the serum albumin level was much lower for rats in group 3 than 
for rats in the other two groups. Body composition analyses 
showed no change in total protein or water content, but total 
fat was about 50% more in group 3 than in group 2. Ad libitum 
water intake was similar for groups 1 and 2, but decreased 
roughly 50% in group 3. It is concluded that excess calorie 
intake increases the severity of biochemical lesions. 





Nutrition 
THE PROTEIN QUALITY OF WASTE-GROWN GREEN ALGAE ALONE AND IN 
COMBINATION WITH CEREAL AND MILK PROTEINS. B. B. Cook*, and 
E. W. Lau*, Dept. of Nutrition, Univ. of California, Berkeley. 

The protein in green algae (a mixture of Scenedesmus and 

Chlorella) when boiled for 30 minutes was found by rat studies 
to have a higher protein efficiency ratio (P.E.R.) and better 
digestibility than the dried, uncooked algae (B.B. Cook, pre- 
sented at the Meeting of the Am. Pub. Health Assoc., San Fran- 
cisco, California, Nov. 1960). It was found that the nutri- 
tional needs of rats and probably of human beings, could not 
be met by use of algae alone. In the present study the P.E.R. 
of boiled mixtures of algae with varying amounts of skim milk 
solids, cracked wheat, and oatmeal was compared with that of 
skim milk solids, as the only source of protein. The P.E.R. 
of skim milks solids; cooked, dried algae; and cooked oatmeal 
were, respectively, 2.64, 1.85, and 2.35. A mixture in which 
27% of the total protein was supplied by algae, 58% by skim 
milk solids, and the remainder by about equal amounts of these 
cereals, had a P.E.R. of 2.75. In another set of experiments 
using 10% protein in the diets, whole wheat bread, in which 
algae supplied 15% of the protein, had a P.E.R. of 1.70 as 
compared with 2.87 for milk solids. There was insignificant 
damage to the P.E.R. as result of heat in baking muffins in 
which 20% of the protein was from algae. Baked peanut butter 
cookies with 23% of protein from algae, had 19% lower P.E.R. 
than the unbaked ingredients. All the mixtures were considered 
palatable by a taste panel. 


Nutrition 
LIVER COMPOSITION IN KWASHIORKOR AND MARASMUS. José Méndez 


and Carlos Tejada*. Institute of Nutrition of Central America 
and Panama CINCAP), Guatemala, C. A. 
Livers taken post-mortem from 7 children with kwashiorkor 


(K), 8 with marasmus (M), and 8 apparently well nourished (N) 
were analyzed chemically. The final cause of death in most 
cases was acute bronchopneumonia. The nutritional status was 
assessed from clinical history, socio-economic data and direct 
examination. Body weight and lenght, thickness of the abdomi- 
nal subcutaneous tissue and weight of the livers were also re- 
corded. Results are expressed as per cent fresh tissue. Water 
content was significantly higher in M than in either K or N, 
76.0%0.7, 63-5%408 and 66,.813.0 g respectively. Ether extract 
was mich greater in K and N than in M, 19.0+5.2, 13.143.8 and 
1.9+0.2 g respectively. Protein was significantly greater in 
M than in K, 18.5%1.1 and 15.2%0.8 g respectively; its content 
in N was 17.0¢1.2 g. Lipid phosphorus and cholesterol were 
higher in N than in either M or K, 105t11, 7145, 6827 for lip- 
id phosphorus and 39732, 260¢13 and 257130 mg for cholesterol 
respectively. The ash content was higher in M than in K, 
1.37+0.07 and 1.10+0.07 g respectively; in N it was 1.2920.07 
g. These results are closely correlated with the amount of 
gross and microscopic liver fat and are consistent with the 
biochemical evid of fund tal differences between K and 
M. (Assisted by Nutrition Foundation Inc. grant 266 and 
National Institutes of Health H-2653). 








Nutrition 
VITAMIN A TRANSPORT IN SEVERE PROTEIN MALNUTRITION. Guillermo 
Arroyave, Dorothy Wilson*, Héctor Castellanos*, Nevin S. 
Scri w. Institute of Nutrition of Central America and Pana- 
ma (INCAP), Guatemala, C. A. 

Children recovering from kwashiorkor may show a marked in- 
crease in vitamin A serum levels during the first 1-2 weeks of 
treatment even when receiving a diet without vitamin A based 
on skim milk. This occurs only when the hepatic tissue of the 
patients contains vitamin A reserves initially. The vitamin 
increase parallels the increase in serum protein and albumin 
concentration in such a way that, under these conditions, a 

od correlation is found between serum vitamin A and proteins 

r=0.917, d.f.=19). Friend, C. J. et al (Proc. Nutrition Soc. 
19: XXXIV, 1960) have shown a similar type of relationship in 
protein malnourished pigs. We find that in rats with a marked 
decrease in serum proteins and albumin produced by experimental 
protein deficiency and/or adrenalectomy and reversed by corti- 
sone treatment, a good correlation is also observed between 
vitamin A and albumin in the serum (r=0.746, d.f.=30). The 
results are further evidence of impairment of vitamin A trans- 
port in severe protein deficiency as a consequence of the 
marked lowering of the plasma protein carrier of the vitamin 
which is associated with the albumin fraction of the serum 
proteins. (Supported by grant A981 from the National Insti- 
tutes of Health and by the Nutrition Foundation). 
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RATES OF ACETATE METABOLISM IN FED SHEFP. John R. Sabine* and 
B. Connor Johnson. Department of Animal Science, University of 
Illinois, Urbana, Illinois. 

With the use of acetate-1-C** values have been found for 
turnover rate, turnover time and pool size of body acetate, and 
for acetate space in fed sheep. The technique involves con- 
tinuous infusion of labeled acetate of high specific activity 
into the jugular vein of fed sheep for 5-10 hours. During this 
time samples of blood are collected from the opposite jugular 





vein and respired gases collected by way of a tracheal catheter. 


Immediately following the cessation of infusion a series of 
frequent blood samples is taken. From the fall in specific 
activity of blood acetate during the post-infusion time the 
turnover time and biological half-life have been determined, 
From the concentration and specific activity of the blood ace- 
tate, values have been obtained for turnover rate, pool size 
and acetate-space. The specific activity of the respired CO, 
and the amount of label respired have been used to estimate 
the percentage of acetate appearing as CO, during the course of 
the experiment and the percentage of respired CO, coming from 
blood acetate. Experiments to date indicate a turnover time in 
the range of 3-4 minutes, a turnover rate of 5 to 8 m.equiv./ 
min. per 100 1b. sheep, a pool size of 15 to 30 m.equiv., and 
an acetate space of approximately 30% of body weight. 


Nutrition 


EFFECTS OF GROWTH HORMONE AND DIETHYLSTILBESTROL ON NITROGEN 
METABOLISM IN RUMINANTS. L. Breuer, R. L. Preston and W, H. 
Pfander, Univ. of Mo., Columbia, Mo. 

12 wether lambs on a constant intake of a 12% protein ra- 
tion were alloted to four treatment groups consisting of 3 
controls, 3 receiving orally 2 mg. DES/day, 3 receiving 12.5 
mg. GH injected IM daily and 3 receiving an injection of sa- 
line IM daily. Within 4 days, GH and DES reduced the urinary 
volume and urinary N-excretion. Observations during the 16 
day trial indicated that a reduced urinary N-excretion was 
accompanied by a reduction in the urinary volume; during the 
basal period this relationship was not apparent. GH elevated 
blood glucose levels. DES tended to lower blood amino N. 
Both GH and DES lowered blood NH3 and urea levels; however, 
the effect from DES was somewhat delayed. Changes in the 
blood NPN levels could be accounted for by blood urea. The 
increase in urinary N-excretion over the basal level in a 24 
hour period following the feeding of 10 gm. of N as urea 
added to a regular feed was less in GH and DES treated sheep. 
(Supported by Public Health Service Grant No. A-3292.) 





Nutrition 
CELLULOSE, STARCH AND NITROGEN LEVELS FOR MAXIMUM CELLULOSE 
DIGESTION BY RUMEN ORGANISMS IN VITRO. R. L, Preston and 
W._H. Pfander, Univ. of Mo., Columbia, Mo. 

These expts. were evaluated using absolute amount of cel». 
lose digested as the sole criterion. In vitro fermentation 
conditions were as follows: solka floc, 5 ml. strained rum 
fluid (bovine on corn cob basal ration), 15 ml. mineral medi. 
um, corn starch, urea, 39°C, and CO? aeration in 40 ml. cen 
trifuge tubes. The mineral medium was composed of the follo 
ing: (gm/L) Na2C03-6.0, KHC03-0.4, NaH2P0,°H20-1.25, Na2HP(y. 
1.36, KCl-1.89, CaCl5-2H20-.366, MgSO4-7H20-.617, (mg/L) 
MnS0,-H20-61.7, FeSO4-7H20-24.4, CuS04-5H20-.79, CoC12- 6H70- 
«4, ZnS04-7H20-.24. Using the above system, it was found 
that maximum cellulose digestion occurred using 900 mg. solka 
floc, 35 mg. urea and 35 mg. corn starch per tube. 300-350 
mg. of cellulose have been consistently digested in 24 hrs, 
using the above conditions. Time-rate of in vitro cellulose 
digestion was as follows: O-9 hr, 3 mg/hr; 9-12 hr, 18 mg/hr. 
12-16 hr, 31 mg/hr; 16-20 hr, 24 mg/hr; 20-24 hr, 13 mg/hr; i 
24-36 hr, 2 mg/hr; 36-48 hr, none. It is suggested, therefor 
that closed in vitro studies with rumen organisms not exceed 
20 hrs. in length. (Supported in part by Public Health Sery 
ice Research Grant No. A-3292.) 
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SOME FACTORS AFFECTING NITRATE UTILIZATION BY SHEEP. W, H, 
Pfander, A. L. Dungan,* J. L, Ketchum,* G, B, Garner,* and 
G. _B. Thompson,* Univ. of Mo., Columbia, Mo. 

Investigations on the ability of mature wethers to use 
nitrate nitrogen have been conducted over a four year period, 
The effect of nitrate on ration digestibility, serum Vitamin4 
and the vigor of the sheep was determined. Supplemental ni- 
trate was added as potassium, sodium or ammonium salts at 
levels of 0.25 to 2.0 per cent potassium nitrate equivalent, 
Improved utilization occurred in the presence of added molas- 
ses, corn, Butylated Hydroxy Anisile and Sodium Meta Bisul- 
fite. The adult sheep appeared to be resistant to supplemen- 
tal nitrate under proper dietary conditions and were not suit 
able for reproducing conditions resembling "nitrate toxicity” 
reported from the field. The effect of nitrate on reducing 
serum Vitamin A appears to be related to other as yet undeter 
mined factors. 
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Study of Dietaries and Nutritional Status of Adolescent Siow 
Indien Girls. Margaret I, Talcott* and South 
Dakota State College, Brookings, South Dakota. 

Observations have been made on the dietaries, heights, and 
weights, age at menarche and hemoglobin levels of girls 12-4 
years of age in eight Indian boarding schools of the Dakotas. 
In general the calorie and nutrient values of the diets closely 
approached or exceeded the NRC Recommended Dietary Allowances, 
with the exception of ascorbic acid, which was well below the 
recommended level in two of the schools, Mean heights and 
weights, which when referred to the Meredith Norms, usually 
fell close to the 25th and 50th percentiles, respectively, 
indicating that these girls were shorter than non-Indian girls 
of like ages in the Midwest but of about average weight. A 
relationship between the mean calorie value of the diets and 
mean weights was observed. Menarche occurred at an earlier 
age in the girls of large than in those of small physiaue. 
The average age at menarche was approximately 13 years, which 
is similar to that of the general population. Mean hemoglobin 
levels meesured in the fall and spring were 11.6 and 11.7, 
respectively. Hemoglobin, which might be considered at or 
near borderline level, did not seem to be ascribable to @ 
deficiency of the current diets in either iron or protein. 
(Supported by a grant from National Institutes of Health.) 
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Nutrition 


EFFECTS OF RICE ENRICHMENT ON THE NUTRITIONAL STATUS OF THE 
CHINESE ARMED FORCES ON TAIWAN. ‘ 

1.C.Plough, C.F.Consolazio and S.N.Gershoff. U.S.Army Tropical 
Rech. Med. Lab., San Juan, U.S.Army Med. Rsch. & Nutr. Lab., 
Denver, and Dept. Nutrition, Harvard Schl. Public Health. 

A Chinese-American team, sponsored by the Interdepartmental 
dommittee on Nutrition for National Defense, has recently 
surveyed the nutritional status of the forces on Taiwan 
to study the effectiveness of a program of rice enrichment 
(Bl, B2, niacin and iron) instituted following the 1954 survey 
of Pollack et al. The present intake of B2, 3.4 mg., (3 from 
enrichment) is 4 times the 1954 intake, while that of Bl, 
3mg-, (¢ from enrichment) is doubled. Present intakes of 
niacin and iron are fractionally higher, but the intakes of 
macronutrients and vitamins A and C are unchanged. Clinical 
signs of deficiency of B2, marked in 1954, have practically 
disappeared. Signs of deficiency of Bl, niacin, A and C, less 
severe in 1954, have also greatly diminished in incidence. 
Biochemical tests show improvement in B2, Bl and C. Vitamin A 
levels are unchanged, but N'methylnicotinamide excretion has 
decreased. Although economic progress has bettered the 
nutritional status of the general population of Taiwan, 
improvement has been much greater in the armed forces, as 
shown by comparisons between new recruits and men with longer 
service. This difference is presumably due to enrichment. 
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PARASITISM IN CONGO PYGMIES. Donald L. Price*, George 
V. Mann, Oswald A. Roels* and Joseph M. Merrill. Walter 
Reed Army Institute of Research, Wash., D.C., Columbia 
Univ., N. Y. and Vanderbilt Univ. Med. School, Nashville, 
Tenn. 

Parasitological studies were performed on a group of 300 
Pygmies from the Congo during 1960. Samples examined 
included feces of 232 individuals, urine of 229, sputum of 199, 
venous blood of 236, and skin scarification fluid of 182. A 
variety of intestinal protozoa was found including Entamoeba 
histolytica which varied from 28-55 per cent in two localities 
and in different age groups. Other helminths found included 
Schistosoma mansoni, hookworm, Strongyloides stercoralis, 
Ascaris lumbricoides, Trichurus trichiura, and Enterobius 
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vermicularis. The over-all prevalence of hookworm in the 
population was 90 per cent and that of Ascaris was 60 per cent. 
Dipetalonoma perstans was the most common parasitic 
infection found, reaching 100 per cent in some groups. The 
over-all prevalence of O. volvulus was 43 per cent increasing 
steadily with age. Malaria was found to be more common in 
children. The prevalence being approximately 25 per cent, 
divided equally between Plasmodium falciparum and P. malar- 








297 OBESITY 

Physiology 
DISTRIBUTION OF LABELED ERYTHROCYTES IN RAT ADIPOSE TISSUE. 
Martin M, Widelitz* and Frang X~ Hausberger. Jefferson 
Medical College of Philadelphia, Philadelphia, Pennsylvania. 

Gersh and Still (1945) estimated from tissue specimens 
injected with India ink that the capillary bed in faterich 
adipose tissue of rats is one third as great as in mscle. In 
our study the distribution of labeled erythrocytes injected 
intravenously in tissues of rats was investigated. Rat e- 
rythrocytes labeled with radioactive chromium chloride were 
injected into the tail vein of non-anesthetized rats. Ten 
minutes later the animals were killed with ether, tissue 
samples were removed and their radioactivity determined. The 
radioactivity recovered in one gram of kidney was 062% of 
the administered activity. Epididymal and pararenal fat pads 
showed an average activity of 3.9% of that of renal tissue, 
subcutaneous incuinal adipose tissue an activity of 73%. The 
corresponding values for mscle tissue from the deep back and 
the abdoninal wall were 403% and 5.3%, respectivelys Consider- 
ing that adipose tissue contains 1/10 to 1/15 of the protein 
of kidney or mscle, the capillary bed of the fatty tissue 
seems to be very extensive, although this finding does not 
give any information concerning the actual blood flow. The ex- 
periments arc being extended to tissues of obese ratse 
(Supported by N!IH-Grant A=-2507) 











Pharmacology 


SOME ASPECTS OF THE PHARMACOLOGY OF BENZPHETAMINE HYDROCHLORIDE. 
(PHENETHYLAMINE, N-BENZYL-N,Q-DIMETHYL (+) HYDROCHLORIDE ; 
DIDREX® ). W. Veldkamp*, A. P. Tazelaar, Jr.* and H. H. 
Keasling. The Upjohn Company, Kalamazoo, Michigan 

The inhibitory effect of benzphetamine on food consumption 
was measured in dogs by presenting food at the same time daily 
for a 30 minute period and the amount consumed measured. Three 
times weekly drugs were administered orally 1 hour prior to 
presentation of food. 95% confidence limits on control food 
intakes for individual dogs were utilized to determine fre- 
quency of significant inhibition. A cross-over parallel bio- 
assay indicated benzphetamine 1 mg equivalent to d-amphetamine 
0.2 mg of phenmetrazine 14 mg. The effects on body weight loss 
were determined in dogs fed ad libitum. Benzphetamine 1 and 2 
mg/kg, d-amphetamine 0.5 mg/kg and phenmetrazine 10 mg/kg were 
administered orally b.i.d. for 4 weeks. Covariance analysis 
of the data indicated that benzphetamine was approximately 1/3 
as potent as d-amphetamine and 10 times as potent as phen- 
metrazine. Central stimulant activity was compared as follows: 
Mice were placed individually in actophotometers immediately 
after I.P. injection of drug and activity measured continuously 
for 2 hours, readings being taken at 20 minute intervals. 
Benzphetamine was about 1/8 as stimulant as d-amphetamine and 
duration of effect was similar. Benzphetamine in grouped mice 
was about 1/5 as lethal as d-amphetamine. 





Nutrition 


PERSONALITY CHARACTERISTICS AND FOOD INTAKES OF OBESE WOMEN OF 
TWO AGE GROUPS COMPARED WITH PAIRED CONTROLS OF NORMAL WEIGHT. 
Christine Weaver* and Woodrow W. Morris.* 

Two personality inventories, the Edwards Personal 
Preference Schedule and the Allport and Vernon Study of Values 
were employed to study personality characteristics of two age 
groups of obese women and two control groups equated with 
experimental groups as to age, height, education and 
socio-economic background. Experimental and control groups 
did not differ significantly in mean scores for any of the 
personality variables measured. There was a significant 
difference in the 24-hour recall food intake and the seven- 
day food intake for calories, protein and fat for the older 
experimental group. Mean caloric intakes of experimental 
and control groups did not vary significantly but the 
experimental subjects had a pattern of eating which was more 
variable than subjects of normal weight. On the basis of the 
data obtained in this study, it cannot be assumed that the 
personality characteristics of the obese and paired normal 
weight populations are different. Socio-economic trends in 
America, cultural and family eating patterns are suggested as 
more probable etiological factors in obesity. (Supported in 
part by a grant from the National Dairy Council.) 
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Biochemistry 


THE CONVERSION OF L=PHENYLALANINE TO CINNAMIC ACID BY 

PHENYLALANASE, AN ENZYME FROM BARLEY. Jane Koukol* and 

Erio E. Conn, Department of Biochemistry, University of 
ornia, Javis, California. 

Phenylalanase, the enzyme responsible for the conversion 
of L-phenylalanine to cinnamic acid has been isolated and 
partially purified from the stems of barley (Hordeum are 
var, Aravat). The best preparations of the enzyme, 
by DEAE cellulose chromatography, catalyze the formation of 
6.5 » moles of cinnamic acid per hour per mg, protein umer 
the usual assay conditions, Phenylalanase is assayed by 
determining the cinnamic acid formed when the enzyme is in- 
cubated with L-phenylalanine at pH 8.8 at 40°C, One mle 
of L-phenylalanine is converted to 1 mole of cinnamic acid 
and 1 mole of ammonia in the presence of the enzyme, The 
reaction appears to be irreversible, Among 13 amino acids 
studied, the enzyme was specific for L-phenylalanine, The 
inhibitory effects of certain metals, aromatic acids, and 
sulfhydryl group reagents have been studied, In addition, 
the occurrence of phenylalanase in other plants will be 
disoussed, (Supported by a grant from the US Public Health 
Service, RG 5301.) 





























































Biochemistry 


LOCATION OF THE MAJOR FRACTION OF LEAF PROTEIN IN CHLOROPLASTS. 
Milton Zucker.* Conn. Agr. Exp. Sta., New Haven, Conn. 

Several genetically distinct types of chloroplasts have 
been demonstrated in the genus Oenothera (Evening primrose) . 
A study of the chloroplast proteins was begun to investigate 
possible biochemical differences among these types. Oenothera 
chloroplasts contain 3/4 of the total leaf protein. This un- 
usual concentration of protein in the chloroplasts results 
from the presence of a large quantity of soluble chloroplast 
proteins as well as a normal complement of insoluble compon- 
ents. The soluble proteins cannot be extracted readily from 
chloroplasts by alkaline phosphate buffers. However, borate 
buffers will extract them efficiently. The amount of soluble 
protein extracted from chloroplasts is enough to account for 
80% of the total soluble leaf protein. Furthermore, soluble 
chloroplast proteins exhibit multi-component electrophoretic 
patterns similar to those shown by borate-soluble proteins 
obtained from the whole leaf. The observation that most of the 
soluble protein extracted from the leaf is derived from chloro- 
plasts is contrary to the conception that the soluble enzymes 
or protein fractions of the leaf are cytoplasmic in origin. 
Location of the great bulk of soluble and insoluble proteins of 
the leaf within the chloroplasts suggests that these self- 
duplicating and, in some respects, autonomous structures are 
major sites of protein synthesis in leaves. 


Biochemistry 


THE BIOSYNTHESIS OF CAFFEIN. Louise Anderson.* Department of 
Bioch: try, Cornell University, [thaca, New York. 

C+4 labelled compounds were administered to leaf squares 
or intact leaves of Coffea arabica. Caffein was isolated, a 
portion totally oxidize ld, and the remainder degraded to 
give fractions corresponding to C-2 + C-6, C-8, and the N-l + 
N-7 methyl carbons. Serine-3-Cll, glycine-2-cli, uclhoona, 
HcllHo, and Cllii,0H were incorporated into both the ring and 
methyl carbons of caffein, the incorporation into the methyl 
carbons being markedly higher than_the incorporation into the 
ring carbons. Methionine-methyl-C++ was incorporated only in- 
to the fraction obtained as the N-1 + N-7 methyl carbons, the 
incorporation into the N-3 methyl carbon being apparently much 
lower. _COj in the dark was incorporated into the fraction 
corresponding to C=2 + C=63 in the light CO> was incorporated 
into both the methyl and ring carbons of caffein, the incor- 
poration into the C-2 + C-6 fraction being much higher than 
the incorporation into the C-8 fraction. Light apparently 
enhamces the formation of the purine ring in C. arabica; when 
serine-3-Cli, glycine-2-Cll, HClLooNa, HCHO; and ClUH30H 
were administered the incorporation into the ring carbons 
relative to the incorporation into the methyl carbons was 
doubled in the light. Light does not appear to have an 
effect on methyl group formation. (Supported by United 
States Atomic Energy Commission), 


Biochemistry 

PHOTOPHOSPHORYIATION BY INTERMITTENT LIGHT. Mitsuo Nishimura.* 
Johnson Foundation,University of Pennsylvania, Philadelphia, Pa. 

Photosynthetic phosphorylation in Rhodospirillum rubrum 
chromatophores was studied with intermittent infrared illumina 
tion. The flashes were furnished by a rotating sector, a DC- 
operated incandescent lamp and an infrared filter. Duration of 
the flashes ranged from 181 to 1449 usec; the dark periods 
inserted between the flashes were 1.45 - 33.35 msec. The rate 
of phosphate esterified/time illuminated increased remarkably 
under intermittent illumination as compared to continuous il- 
lumination, showing the existence of delayed phosphorylation 
after flash. By inserting dark periods of different lengths, 
the decay kinetics of the delayed phosphorylation were deter- 
mined. The half-time of the decay was on the order of several 
milliseconds (longer with higher light intensity). Using suf- 
ficiently long dark periods and short flashes, the light- 
induced initial step of phosphorylation was studied. The rate 
of initial step reaction was proportional to the amount of 
light in the short flashes. Methylphenazolium methosulfate 
did not affect the first step, but markedly accelerated the 
decay of delayed phosphorylation. It appears that "photo- 
phosphorylation" can occur in the dark. 
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Biochemistry 
BIOSYNTHESIS OF RICININE IN RICINUS COMMUNIS L. Rashid A, 
Anwar*, Thomas Griffith*, and Richard U. Byerrum. Dept. of 
Chemistry, Michigan State University, East Lansing, Mich, 
Glutamate, acetate, and propionate, labeled in specific 
positions with Cl4, were fed to Ricinus communis to investi- 
gate their role as precursors of the alkaloid, ricinine. The 
labeled compounds were administered hydroponically to the 
piants. Each plant was given 12 pmoles of a given compound 
which had a specific activity of 1.64x10° cpm/mmole. Of all 
the precursors, propionate-2-C** was incorporated into rici- 
nine to the greatest extent. The alkaloid in the experiment 
had a specific activity of 6.8x104 cpm/mmole Incorporation 
of Cl4 from glutamate-2-cl4 and acetate-2-cl4 was about 2/3 
the extent of propionate-2-cl4, The next most efficient pre- 
cursor was propionate-3-Cl4 which was followed by acetate-l- 
cl4 and propionate-1-cl4, Degradation studies showed that 
about 90% of the C14 from acetate-1-cl : propionate-1-cl4 
propionate-3-Cl4 and glutamate-2-C!4 was located in the car- 
bon of nitrile group of the ricinine. Only 25% of the radio- 
activity was found in the carbon of the nitrile group when 
acetate-2-Cl4 and propionate-2-cl4 were the precursors fed, 
The remainder of the C14 probably resides in the pyridone ring 
since acetate-2-Cl4 and propionate-2-cl4 have been shown to 
contribute only to a small extent to one carbon metabolism in 
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Biochemistry 


PHOSPHOGLYCOLIC ACID PHOSPHATASE. K. E. Richardson” and N. E. 
Tolbert. Dept. Agr. Chem., Mich. State Univ., E. Lansing. 


Phosphoglycolic acid phosphatase has been isolated and pur- 
ified 100-fold from tobacco leaves. The enzyme was specific 
for phosphoglycolic acid, and the reaction yielded stoichio- 
metric amounts of glycolic acid and orthophosphate. The puri- 
fied enzyme did not catalyze the hydrolysis of 22 other phos- 
phate esters such as ATP, pyrophosphate, phosphoglyceric acid, 
acetylphosphate or phosphopyruvic acid. A divalent cation such 
as Cott, Zn++, Mn** or Mgt+ was required for activity after 
treatment with EDTA. The pH optimum of the isolated enzyme was 
6.3, but after EDTA treatment the pH optimum was 5.0 with 
added metal ions. The Km of the phosphatase with Cott was 2.5 
x 10-3 M. The enzyme was not inhibited by L-tartaric acid but 
it was inhibited by NaF. Since phosphoglycolic acid and gly- 
colic acid are early products of photosynthetic C1402 fixation, 
this specific phosphatase may participate in the biosynthesis 
of glycolic acid. The presence of free glycolate outside of 
chloroplasts (Brookhaven Symposia in Biology 11, 271, 1958) or 
whole Chlorella cells (J. Biol. Chem. 222, 895, 1956) indicate 
that the giycolate system may be concerned with the transport 
of reduced carbon from the photosynthetic apparatus. Phospho- 
glycolic acid may participate in this transport. Most of the 
phosphoglycolic acid phosphatase was found in the cytoplasm, 
but it was also present with isolated chloroplasts. 


Biochemistry 
RESPIRATION OF RIPENING CANTALOUPE FRUIT AND PHOSPHATE 
ACCEPTOR LEVEL. K. S. Rowan*, W. B. McGlasson*, and 
H. K. Pratt*. Dept. of Veg. Crops, Univ. Calif., Davis, 
Calif. 

Previous workers have found that DNP stimulates the 
respiration of slices cut from pre-climacteric fruit, but 
does not stimulate slices cut from fruit at the climacteric; 
they postulate that phosphate acceptor level (ADP) limits the 
respiration rate during ripening. To test this hypothesis, 
mature cantaloupe fruit were harvested and respiration rates 
measured at 25° C. A typical climacteric rise in rate of 
respiration was found. Fruit were removed at various stages 
of ripeness as judged by the pattern of respiration drift, 
extracted with cold 1 N HC10,, and analysed for ADP and ATP 
by the enzymic method of Slater (Rowan, K. S., J. Exp. Bot., 
9, 436, 1958). The results show that, as the fruit ripened, 
the concentration of ADP decreased and ATP increased, and 
that there was a net synthesis of adenosine pyrophosphate. 
In a subsequent experiment, treatment of mature, unripe fruit 
with ethylene, which induces ripening, caused a fall in ADP 
and a rise in ATP similar to that observed in fruit ripening 
normally. Hence it seems unlikely that the level of 
phosphate acceptor regulates the rate of respiration in 
ripening fruit. (Supported by research grant RG-5797 from 
the U.S. Public Health Service. ) 
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Biochemistry 


FIXATION OF CO) BY MARINE PLANTS, Govind Joshi*, Thomas 
- and Paul Sal e Dept. hem. Us So. 
Previous ts from this laboratory demonstrated 
that the photosynthetic tissues of succulents and non-succu- 
in the dark exclusively into organic 
and amino acids. The predominant amount of radioactivity, 

» 1s found in the organic acid fraction. In order to 
stady the effects of salt concentration on the metabolic 
environment we have examined dark fixation in three 
different marine plants: Zosteria marina (angiosperm), 


bed png wld ae te Coe 


sith @ pattern of labeling quite different from that seen in 
terrestrial plants. 80-95% of the activity is in the amino 
acid fractions little lebel appears in the organic acids. 
Cell-free tions from spinach leaves in the presence 

of high salt concentrations mimic the pattern of the marine 
fixation. Addition of DPNH can return the pattern of fix- 
ation to favor the formation of organic acids, It appears 
that the salt concentration affects DPNH levels and, in turn, 
regulates the pattern of dark clhiog fixation. 


Biochemistry 


SYNTHESIS OF RIBOSE DURING TWO STAGES OF GROWTH AND DIFFER- 
ENTIATION OF TRAGOPOGON ROOT CALLUS. Lila Abrahamson. 
Dept. of Botany, Univ. of Mich., Ann Arbor, Michigan. 

The synthesis of ribose from RNA was determined in Tragopo- 
gon root callus grown in sterile culture. Glucose-1-C1* as 
a tracer was added to the growth medium at two phases of vas- 
cular differentiation. The first phase, from the first day of 
inoculation upon fresh medium to the sixth day, was that in 
which vascular elements were absent. The tissue at this stage 
was inoculated directly a medium containing 1% non-isotopic 
glucose plus glucose-1-Cl4 as the known carbohydrate constitu- 
ent. The second phase, in which the callus showed well dif- 
ferentiated areas of vascular tissue, was a 6-day period from 
the 15th to the 2lst day after inoculation upon non-radio- 
active medium. The tracer was added to the cultures on the 
15th day and tissues grown for an additional 6 days. Ribose 
from RNA was isolated by modifications of available methods at 
the end of each stage and the activity of each carbon of the 
pentose determined. The distributions of cl4 indicated that 
the ribose appeared to be synthesized by the same mechanism 
during the two 6-day periods studied. In the ribose isolated 
from young, undifferentiated tissue Carbon 1 had 46% and 
Carbon 5 had 34% of the recovered radioactivity. Ribose from 
older, differentiated tissue contained 44% of the recovered 
activity in Carbon 1 and 32% in Carbon 5. 


Biochemistry 

SEPARATION AND PROPERTIES OF A TPNH-LINKED GLYOXYLIC REDUCTASE 
FROM LEAVES. 
Expt. Station, New Haven, Conn. and Univ. of Oxford, England. 

A glyoxylic reductase which reacts specifically with DPNH 
has previously been isolated from both tobacco and spinach 
leaves. This enzyme, with a high Michaelis constant for 
glyoxylate, about 10 m, also reduced hydroxypyruvate rapidly. 
Extracts of tobacco and spinach leaves have now been found to 
possess a TPNH-glyoxylic reductase, which catalyzes the re- 
action TPNH + H” + CHO-COOH ——» TPN + CHSOH-COOH. With the 
Standard assay used, the ratio of the rate with TPNH compared 
with DPNH was about 1.0. By fractionation of extracts of 
spinach leaves with ammonium sulfate and ethanol, the above 
ratio was increased to 70. The new enzyme had a low Micheelis 
constant for glyoxylate, 0.16 mM, and reacted 4 to 5 times 
faster with glyoxylate than hydroxypyruvate. Pyruvate and ox- 
aloacetate were not substrates for either enzyme. The TPNH- 
linked enzyme provides a convenient and sensitive method for 
the quantitative analysis of glyoxylate, and together with the 
DPNH=gl yoxylic reductase can be used to determine TPNH and 
DPNH individually. The physiological importance of glycolic 
acid in the carbon metabolism and respiration of leaves in 
Sunlight is becoming increasingly more evident, but the role 
of the TPNH and DPNH-l inked glyoxylic reductases still remains 
to be explained. 





1. Zelitch and A.M. Gotto.* The Connecticut Agr. 
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Biochemistry 


THE METABOLISM OF -AMINO=5-IMIDAZOLE CARBOXAMIDE BY GERMI- 
NATING WHEAT EMBRYOS, Louis Shuster. Dept. of Pharmacology, 
Tufts Univ. School of Med., Boston, Mass. 

Germinating wheat embryos incubated with -amino-5-imida- 
zole carboxamide (AICA) form an insoluble purple pigment simi- 
lar to that accumulated by certain adenine-requiring mutants 
of Neurospora crassa (Mitchell and Houlahan, Federation Proc. 
$2370,1916). This pigment is not produced in the absence of 
oxygen or the presence of cyanide. H202 stimulates pigment 
formation in embryo extracts. The pigment can also be pro- 
duced by the action of crystalline peroxidase on AICA, Ribo- 
syl-AICA does not give a purple color and is not acted on by 
peroxidase. The incorporation of AICA-2- into the nucleic 
acid guanine of germinating wheat embryos is 5-10 times as 
great as the incorporation into nucleic acid adenine. AICA 
also stimulates as much as 10-fold the incorporation of for. 
mate into guanine without affecting incorporation into adenine. 
In the absence of AICA the incorporation of formate into ade- 
nine is 2-5 times as great as into guanine. Inosinic acid~ 
is incorporated into adenine and guanine to an equal extent 
and here AICA has little or no effect. These results are 
difficult to explain in terms of the size of adenine and gua- 
nine nucleotide pools, differ markedly from observations made 
in animals, and suggest that some hitherto undescribed mecha- 
nism for guanine synthesis from AICA may be involved. 


Nutrition 


THE ROLE oF A! -PYRROLINE-5-CARBOXYLIC acip-5-c14 IN BIO- 
SYNTHESIS OF NICOTINE. V. Krampl* and C. A. Hoppert, Dept. 
of Chemistry, Michigan State veresue cans meee ee Mich. 

-pyrroline-5-carboxylic acid-5-cl4 (q!-psc-5-cl4) has 
been synthesized, isolated as a hydrochloride and fed hydro- 
ponically to tobacco plants (Nicotiana rustica, var,humilis) 
in 1.0 = 2.0 mg doses per plant having a radioactivity of 
2.0 = 4.0x106 cpm/mmole. The radioactivity of the nicotine 
varied between 4.5 - 0.6x10% cpm/mmole with 0.2 - 0.05% in- 
corporation of the precursor. The total radioactivity of the 
nicotine has been found to be associated with pyrrolidine 
ring. The distribution of the radioactivity among carbons 
2, 3 and the Nemethyl has been found to be 30, 30 and 29% 
respectively. The distribution of the activity between car- 
bons 2 and 5 is similar to that obtained when glutamic acid- 
2-cl4 and ornithine-2-cl4 were fed to tobacco plants. The 
incorporation of Al-P5c-5-Cl4 most likely proceeds via /\l- 
pyrroline which could be formed from a symmetrical inter- 
mediate, resulting from the shifting of the double bond after 
decarboxylation of the,l-P5c-5-C14, The mechanism whereby 
the relatively large quantities of C** is incorporated into 
the methyl group is unexplained. (Supported by a grant from 
the National Institutes of Health.) 


Nutrition 


BLOSYNTHESIS OF TERPENES IN MINT. W. D. Loomis*, J. 
Battaile* and Alice Burbott*. Science Research Institute, 
Oregon State College, Corvallis, Oregon. 

The formation and inter onversions of monoterpenes have 
been investigated using cl O> and C14. jabeled terpenes as 
substrates. Analysis of the products is made by use of sil- 
icic acid "chromatoplates" and radioautography, or by gas 
chromatography and liquid scintillation counting. Only 
young tissue, near the tip of a shoot, is active in terpene 
synthesis; in older leaves terpene interconversions occur, 
but there is no de novo synthesis from Cl4q,. In short time 
periods young peppermint leaves incorporate label from cl4o, 
largely into the terpene hydrocarbon fraction and into un- 
saturated ketonic terpenes. Saturated terpenes become 
labeled more slowly. Several terpene interconversions can 
be demonstrated directly by use of labeled terpenes as sub- 
strates for leaf slices. These include the conversion of 
pulegone to menthone and menthofuran, and the conversion of 
piperitenone to piperitone. 
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Biochemistry 


EXCRETION PATTERNS OF PRECURSORS (ALA AND PBG) AND PORPHYRINS 
IN EXPERIMENTAL PORPHYRIA. Lynn D. Abbott, Jr. and Susan G. 
fuse Medical College of Virginia, Richmond, Va. 
Allylisopropylacetylcarbamide (Sedormid) produces a 
porphyria similar to human acute porphyria with excretion of 
porphobilinogen (PBG) and porphyrins. The mechanism is 
obscure, With Sedormid daily by stomach tube in rabbits, 
increased excretion of delta-aminolevulinic acid (ALA) and PBG 
began the first day, increased markedly thereafter and reached 
peak values about the 6th day (up to 30 mg PBG and 1.8 mg ALA 
from the normal 0.1 mg per day). Uroporphyrin and copro- 
porphyrin reached maximum in 8-9 days. Similar patterns, with 
marked excretion of ALA, were obtained with rats. Glycine 
administration enhanced Sedormid-porphyria in rats and 
increased PBG and porphyrin excretion markedly; histidine or 
beta-alanine did not. Our data showing increased urinary ALA 
in Sedormid-porphyria in both rabbits and rats add a further 
similarity to human porphyria. This is contrary to the report 
of Stich (Klin. Wochschr,. 36 386 (1958)) who proposed a bio- 
chemical difference between Sedormid- and human porphyria 
based on ALA excretion, Peak excretions of ALA and PBG 
appeared earlier than porphyrin peaks. The porphyria may 





result from an abnormal increase in hepatic ALA from increased 
synthesis or decreased catabolism with rapid turnover into PBG 
and porphyrins, 


(Supported in part by USPHS grant NIH A-1139C) 


Biochemistry 


SUBSTRATE SPECIFICITY OF THE IRON-PROTOPO CHELATING 
ENZYME. Robert F. Labbe and Nancy Hubbard. Department of 
Pediatrics, Univ. of Washington, School of Medicine, Seattle. 
An enzyme which catalyzes the chelation of iron by proto-~ 
porphyrin has been prepared in soluble form from rat liver 
mitochondria. Enzymatic activity is assayed by measuring the 
rate of porphyrin disappearance or the incorporation of Feo9 
into hemin. The data indicate that Fe must be in the ferrous 
state. Metal specificity studies further show that Co serves 
as_the metal substrate equally as well as Fe. ‘The dilution of 
Fe?7 by Co suggests that the two metals are utilized via the 
same mechanism, All other metals examined (Mg, Ca, Mi, Cd, 
Pb, Cu, Mn, Zn, Hg) except Sn were inhibitory. At low levels, 
Mn and possibly other metals may be used in trace amounts. Of 
several porphyrins utilized (proto, hemato, meso, deutero, 
2,4-dibromodeutero) deutero was consumed at the fastest rate. 
It is evident that the vinyl groups are not essential for the 
porphyrin to be utilized by the enzyme. Several other por- 
phyrins including uro, copro, 2,4-diacetyldeutero, 2,4-bis(2- 
carboxycyclopropyl )deutero were not utilized and did not af- 
fect in any way proto utilization. Either steric hindrance or 
electronic effects may have prevented the attachment of these 
porphyrins to the enzyme. Substrate specificity and inhibition 





data suggest two binding sites on the enzyme, one for proto 
and one for Fe. 





Biochemistry 


MITOCHONDRIAL COPROPORPHYRINOGEN OXIDASE AND THE FORMATION 
OF PROTOPORPHYRIN. &. Granick and S. Sano*. The Rockefeller 
Institute, New York. 

The ensyme is relatively high in concentration in the 
liver, localised in mitochondria. Compartmentation of amino- 
levulinic acid (ALA)-synthetase and coproporphyrinogen 
(COPROGEN)-oxidase within the mitochondria, and other ensymes 
of the biosynthetic chain outside, suggests that protopor- 
phyrin (PROTO) biosynthesis may be controlled in part by the 
permeability of the mitochonirion (active or passive?) to ALA. 
The ensyme is solubilised by thi ollic acid at pH 9 and 
Precipitated in 40-70% saturated ),80,. It has an 
optimum pH of 7.7 and a Kn of 2x10-5 ‘We if highly specific 
for COPROGEN-III and inactive towards COPROGEN-I, trans- 
diacrylicdeutercporphyrinogen, etc. This specificity in part 
explains the absence of PROTO-I isomer in cells. Only 02 is 
used for oxidation of the two propionic acid groups to vinyl 
groups. The mechanism of oxidation studied with 7,0 is hydride 
ion removal from the CHp of the propionic acid adjacent to the 
ring with simltaneous 


oxylation to form the vinyl 
group. 
Supported in part by N.1.H.-R.G. 4922. 
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Biochemistry 
ACQUIRED CUTANEOUS PORPHYRIA, DUE TO HEXACHLOROBENZENE 


INTOXICATION. Rudi Schmid and Robert K. Ockner.* Thorndike 
Memorial Laboratory, Harvard Med. School, Boston, Mass. 





In three southeastern provinces of Turkey, a widespread oy 


break of cutaneous porphyria involving the Turkish and Kurdig, 
population has been reported, for which ingestion of a fungi. 
cide containing hexachlorobenzene, C 1g, was suspected as th 
cause. Since field investigations did not permit direct ver. 
fication of the toxic nature of the disease, hexachlorobenzem 
toxicity was studied in rats. Adult male Sprague-Dawley rats 


were fed ad lib laboratory chow, containing 0.2% hexachlorobe, 


zene. Of a total of 33 rats on the experimental diet, 13 digg 


within the first month, exhibiting severe neurologic manifest, 


tions. In all of the remaining 20 rats, significant increase 


in urinary and fecal excretion of porphyrins and »orphyrin pr. 


cursors occured after 2 to 8 weeks on hexachlorobenzene. 
urinary values per 24 hours were: $-aminolevulinic acid 1.4 


mg; porphobilinogen (PBG) 16.9 mg; uroporphyrin 0.36 mg; copr. 


porphyrin 0.21 mg. From 200 ml of rat urine, 55 mg PBG were 
crystallized. Liver contained large amounts of PBG, uro-, 
copro- and protoporphyrins, but liver catalase and e 
porphyrins were normal. These findings support the concept 


that the human porphyria observed in Turkey is due to ingestiq 


of hexachlorobenzene. (Supported in part by Grant USPHS 


A-1833). 
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Physiology 


A MOLECULAR ABNORMALITY OF URINARY MUCOPROTEIN IN CYSTIC FIB 


ROSIS OF THE PANCREAS. William Wolins * and Myles Maxfield, 
Medical Research Center, Brookhaven National oratory, N.Y, 


Normal urinary mucoprotein has been shown to exist in two 
molecular forms, The smaller of these is of length 6 x 103 4, 
width 0 A and molecular weight 7x 10°. The larger molecule 
form is composed of four of these arranged two side by side 
and two end to end of molecular weight 2@ x 10° and dimensions 
80 A by 12 x 10° A. In addition some of the mucoprotein 
forms tactoids. Ten patients with cystic fibrosis of the 
pancreas exhibited the two molecular forms and tactoids of 
urinary mucoprotein. In addition, patients with cystic fib 
rosis exhibit in the dispersed phase of urine an abnormal 
molecular form of mucoprotein which has a much lower intrin 
sic viscosity, and sedimentation constant than the 7 million 
molecular weight form. This abnormal molecule characteristic 
of cystic fibrosis has therefore a smaller axial ratio and 
molecular weight than the normal forms and is thought to 
consist of a fragment of the normal molecule. The largest 
molecular form of urinary mucoprotein in cystic fibrosis 
appears to be a more highly polymerized form of the 28 millim 
molecular weight normal form. This highly polymerized form 
has a very high viscosity and is unstable, breaking down 
quickly to the 7 million molecular weight form which yields 
approximately normal physico-chemical data. 





Physiology 


EFFECTS OF ELECTRON BEAM IRRADIATION ON COLLAGEN. 
Eloise Kuntz* and Esther White*, Ethicon, Inc.» Somerville,MNed, 
Collagen films prepared by reconstituting dispersed 

collagen were irradiated with electron beam at 2 MEV and 
doses ranging from 2.5 to 25 Mrad. They were then tested 
for: 1) stable free radicals by means of electron paramag- 
netic resonance, 2) excess of crosslinking over splitting of 
peptide chains as measured by stress strain analysis and 3) 
oxidation to carbonyls as measured by hydrazone formation. 
Collagen which had been irradiated in the dry state had a 
stable two peak electron resonance spectrum which disappeared 
upon wetting and drying. When the protein was irradiated in 
the wet state no stable free radicals could be detected. 
Measurement of the molecular weight between crosslinks shoved 
&@ progressive net increase in crosslinks in collagen irradi- 
ated in the wet state with 2.5 to 10 Mrads. Collagen irradi- 
ated in the dry state showed an excess of breaks in the pep- 
tide chain over crosslinks. Carbonyl formation increased 
cr increasing dose of electron beam under all conditions 
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Biochemistry 


ISOLATION AND CHARACTERIZATION OF A PORCINE INTRIN- 
sic FACTOR-VITAMIN B,2 COMPLEX.: William W. Bromer 
and Edwin O. Davisson*,. Lilly Research Labs., 
Indianapolis, Ind. 

A porcine intrinsic factor-vitamin B,2 complex 
has been isolated that is effective in pernicious 
anemia patients when given orally in amounts less 
than 100 pe. A pancreatin-treated porcine pyloric 
mucosa preparation was subjected to chromatography 
on columns of Amberlite XE-64 and calcium phosphate 
gel. The active fraction was combined with vitamin 
Big and the complex was purified by ultracentrifugal 
fractionations until it was nearly homogeneous by 
this criterion. Free electrophoresis showed that 
the preparation (EB-5) contained greater than 90% 
of a single B,e-binding component. This major 
component from the electrophoresis, EB-6, bound 
about 25 pe Bia per mg and appeared to be homogene- 
ous according to several criteria. A positive 
response was obtained in a relapsed pernicious 
anemia patient with 40 pg of g2-6 per day. A prep- 
aration of EB-5 containing Co°0B,. was tested in 
the Schilling test; 28 pg elicited a response 
greater than one N.F. unit of standard intrinsic 


factor. 





Biochemistry 


MODIFICATION OF THE METHIONINE RESIDUES IN RIBONUCLEASE. 
Norbert P. Neumann*, Stanford Moore, and William H. Stein. 
The Rockefeller Institute, New York 21. 

The methionine residues in RNase may be modified by react- 
ion at pH 2-3 with iodoacetic acid (Gundlach, et al., J. Biol. 
Chem., 234, 1754 (1959)) to form the carboxymethylsulfonium 
derivative, or with Ho02 to form the sulfoxide. The alkyla- 
tion reaction, which leads to inactivation of the enzyme, is 
markedly inhibited by sulfate ions at concentrations corres- 
ponding to 2 molecules of sulfate per molecule of ribonuclease. 
At pH 2 and 30°, 0.1 M HoOo causes 50% inactivation in 4s 
minutes. Sulfoxide-containing components can be separated on 
IRC-50 colums. The major component chromatographs at the 
Rllase A position, is fully active, and contains 0.8 residues 
of sulfoxide per molecule. More retarded, inactive materials 
contained up to 4 residues of sulfoxide per molecule. Since 
methionine sulfoxide reverts to methionine on acid hydrolysis 
(Ray, Brookhaven Symposia in Biology, 13, 136 (1960)) the 
sulfoxide content is estimated after alkaline hydrolysis, or 
as the acid stable sulfone after successive treatment of the 
protein with iodoacetic and performic acids. The native 
forms of several proteins (ribonuclease, chymotrypsinogen, 
lysozyme, B-lactoglobulin, trypsinogen, pepsin, bovine serum 
albumin and catalase) were shown to be free of methionine 
sulfoxide. 


Biochemistry 


OBSERVATIONS ON THE USE OF CYANATE IN THE QUANTITATIVE DETER- 
MINATION OF NH>-TERMINAL AMINO ACIDS IN PROTEINS. R. 
Stark*, William H. Ste and Stanford Moore. The er 
Tistitute, New York 1. 
The use of cyanate rather than phenylisothiocyanate or di- 
nitrofluorobenzene in an end-group method offers two possible 
advantages: (1) The addition of the reagent to the O-NHe groups 
can be carried out in aqueous & M urea, in which most proteins 
and their derivatives are soluble. (2) Most hydantoins (those 
of serine and threonine excepted) are readily hydrolyzed back 
to the amino acids, which can be determined quantitatively by 
techniques now available. Consideration has been 
given to the possibility of determining NHe-terminal amino 
acids in the following manner: (1) The protein is carbamylat- 
ed with excess KNCO in the presence of 8 M urea (cf. Stark et 
al., J. Biol. Chem., 255, 3177 (1960)). (2) The isolated 
carbamyl protein is heated in 6 N HCl to yield a mixture of 
amino acids, peptides and hydantoins. (3) The hydantoins are 
separated. from peptides and amino acids by ion-exchange. (4) 
the hydantoins are hydrolyzed in acid to their parent amino 
acids, which are determined chromatographically. ‘The uncar- 
bamylated protein is put through the procedure as a control. 
When applied to ribonuclease and insulin, the method has 
yielded 40-95% of the expected NHo-terminal amino acids. 





Biochemistry 


COUNTER-DOUBLE-CURRENI DISTRIBUTION. L, Craig and 0, Post,* 
Rockefeller Institute, New York, 

Countercurrent distribution is a name suggested by Craig 
(J. Biol, Chem, 155, 519 (1944)) for a strictly discontinu- 
ous multiple extraction process carried out in such a manner 
that the fraction of a single ideal solute found in a given 
unit of the apparatus at any given time will correspond to 
a given term of a suitable binomial expansion. in practice, 
after equilibration, only the upper phases are advanced on 
each transfer, the lower phases remaining stationary, An 
apparatus has now been devised that transfers both phases 
simultaneously, each in a direction opposite to the other. 

A single solute placed in a central unit will be systemati- 
cally distributed but only alternate units throughout the 
train will contain solute at any time; the other units will 
contain only the pure phases, If, however, the sample is 
initially placed in two adjoining units, identical fractional 
parts will be found in pairs throughout the train, The name 
"counter-double-current distribution" is proposed for this 
type of operation, The process can be extended to a truly 
steady state preparative separation method by center feeding 
in a manner similar to industrial operations but with a 
number of advantages, These include versatility, precise 
mathematical interpretation and analysis, 





Biochemistry 


CHARACTERIZATION AND DISSOCIATION OF A MAJOR CHLOROPLASTIC 
PROTHIN. R, F, Bunting* and D, W. Kupke, Dept. of Biochem, 
School of Med., Univ. of Virginia, Charlottesville, Va, 

An homogeneously sedimenting component (18S) which arises 
in seed leaves during germination of bean seedlings in the 
dark and to which a photochemically active protochlorophyll is 
associated, rapidly becomes the major component of the total 
soluble proteins during greening. The s20 dependence on the 
concentration of the green-leaf protein under various condi- 
tions is small and shows a linear regression to the lowest 
concentration employed (0.08%). Attempts to obtain the molec- 
ular weight by the Archibald and by the equilibrium sedimen- 
tation methods were complicated by the instability of the 
preparations, however, current values, though tentative, are 
in the same range as those reported by others for a similar 
green leaf protein (Weissbach et al., J. Biol. Chem. = 7955 
1956; Eggman et al., J. Biol. Chem. 205, 969, 1953). The 18S 
protein dissociates readily into smaller fragments at pH 9 or 
in 2 molal urea, pH 7. The dissociated material is heterogen- 
eous, sedimenting at 4 to 5S after alkaline dissociation and 
about 2S after the urea treatment. Some reassociation, though 
not reproducible, has been indicated, The residual proto- 
chlorophyll on the protein obtained from partially greened 
leaves is still photochemically active after the dissociation. 


Biochemistry 


STRUCTURAL REQUIREMENTS FOR PROTEIN DENATURATION, Julius 
Gordon* and Wm, P, Jencks. Brandeis Univ., Waltham, Mass. 
The effect of structure on activity of protein denaturants 
was reinvestigated by surveying the effects of a large number 
of compounds on the optical rotation of bovine serum albumin 
in pH 7.5 "tris" buffer and in buffered 6 M urea at 37°, Guan- 
idinium Cl, urethane, formamidinium Cl, thiourea, allylthio- 
urea and urea are highly effective denaturants, Monoalkylureas 
and thioureas, imidazole, imidazolium Cl, formamide, thioacet- 
amide and aminoguanidinium Cl are less effective. Since hydro- 
gen-bonding ability is dependent on the acidity and basicity 
of the hydrogen donor and acceptor, the inactivity (or stabil- 
izing effect) of the relatively much stronger acids, ammonium 
Cl, ethyl-, n-propyl-, dimethyl-, and ethanolammonium Cl, gly- 
cine, glycylglycine, glycine ethyl ester and boric acid and of 
the relatively strong bases methoxyamine, hydroxylamine, sodium 
formate, phosphate dianion and potassium acetate suggests that 
denaturing effectiveness is not related to simple hydrogen- 
bonding ability. Bifunctional hydrogen bonding is ruled out by 
the effectiveness of guanidinium Cl, ethyl carbamate and form- 
amide, The decreased effectiveness of alkyl-substituted denat- 
urants does not support hypotheses based on hydrophobic forces, 
The effectiveness of this group of compounds appears to in- 
volve a rather subtle change in the interaction of proteinwith 
aqueous solvent associated with the structure x=0=NRHO”, 
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Biochemistry 


THE PIGMENTATION OF ELASTIN. F. Marott Sinex and Barbara 
faris*. Biochemistry Dept., Boston University School of 
Medicine, Boston, Mass. 

Preparations of elastin have been reported by several in- 
vestigators to yield fluorescent pigments on hydrolysis by 
elastase or acid. We have found that some of the water sol- 
uble fluorescent pigments can be chromatographed on alumina 
columns using dilute ammonia as an eluent. This yields a 
series of fluorescent bands, which in turn may be separated 
into further components by paper electrophoresis at pH 8.6 in 
barbiturate buffer. Comparison of these pigments with pre- 
parations made from peroxidized cephalin and lecithin suggest 
that they are derived from autoxidized lipid. Such deriva- 
tives appear to be components of atheromatous plaques, and to 
be associated with elastin preparations from fresh aortas. 
The possible effect such autoxidized lipid may have on the 
structure of elastin, its rubber-like elasticity and the in- 
tegrity of the vessel wall will be discussed. 

(Supported by a Grant from the United States Public Health 
Service.) 


Pathology 


RELATIONSHIP OF GEL STRUCTURE T) RESILUTION IN GEL ELECTRO- 
PHORESIS. Samuei Raymond’, M. Nakamichi*, I. Brodsky", and 
J. Bryant”. Pepper Laboratory, University of Pennsylvania, 
Philadelphia, Pa. 

Calculation of average pore size in gels used as support- 
ing media for zone electrovhoresis, based on certain 
simplified assumtions, indicates that vores in various ¢els 
are much larger than orotein molecvles, and that the resolu- 
tions 2btained are not related to the size of the pores. 
This evidence weighs against the hynothesis that resolution 
in gels devends on a sieve-like effect. On the other hand 
the qualitative and quantitative similarity of the resolu- 
tions achieved on acidic, basic, neutral, and hydroxylated 
gels suggests that simple chemical interaction between gel 
and protein molecule does not account for the resolutions 
obtained. The proteins chosen for use in these studies were 
mixtures of normal and abnormal hemoglobins since these form 
a system of chemically defined homogenous components 
identical in size and easily determinable directly by 
densitometry without staining. As an incidental result 
additional valves for percentage of the Ap component in 
normal and thalassemic blood were obtained. (Work was 
supported by grant from National Institutes of Health.) 


301 PROTEINS; POLYPEPTIDES—Metabolism 
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AN INTEGRATED SCORING METHOD FOR THE PROTEIN ACTIVITY 
INDEX OF STEROIDS (SPAI). Anthony A, Albanese, Edward J. 
Lorenze* and Louise A. Orto*, Nutr. & Metab.Research Div., 
Burke Foundation, White Plains, N. Y. 

The need exists for a systematic evaluation of the anabolicor 
catabolic properties of steroids in man under conditions of ac- 
tual usage. The concepts of Martin and Robison disclose that 
numerical values for the effect on protein utilization are given 
by the equation: SPAI = 100(B, - Bg)/I, where Bg and Be are the 
nitrogen balance values attained respectively during the steroid 
and control periods at an isonitrogenous intake (I). In this 
frame of reference anabolic steroids yield positive values, and 
catabolic steroids negative values. Serial metabolic studies 
with 45 adult convalescents gave the following average SPAI 
values: 19-nortestosterone (19-NT), +9; 17-e-ethyl-19-NT, 
+18; 17-x-ethyl-19-NT propionate ester, +20; 4-chloro-19-NT 
acetate, +29; and 4~chloro-19-NT phenoxy ester, +44; but 
prednisone, -38; prednisolone, -22; and fluoro-prednisolone, 
-24. Expression of metabolic data in this form facilitates cor- 
relation with configurational and substituent group characteris- 
tics, and should prove useful in the development of steroids of 
improved therapeutic value. 
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Biochemistry 


THE EFFECT OF METALLIC IONS ON THE INCORPORATION OF AMINO 
ACIDS INTO PROTEIN AND RNA OF THE RAT LENS. Anima Devise ang 
Sidney Lerman. Univ. of Rochester School of Wed. and Dent,, 
ochester, N.Y. 

In vitro studies on the amino acid S-RNA and amino acid 
protein incorporating systems of the rat lens revealed a 15. 
20 fold increase in amino acid incorporation when Co++ was 
added to the incubation media. None of the other ions in- 
vestigated (Fe**, Cu**, Mn**, Nit+, Zn*+, Mg** and Cat+) 
showed this marked effect. Ni*t*, Fet++ and Cut* all 
exhibited a marked inhibitory action on the cobalt activated 
incorporating systems. This cobalt activating effect was 
investigated by varying the concentration of substrate, 
enzyme preparation and H ion concentration, Chromatographic 
separation and purification of the amino acid S-RNA and the 
recovery of the DNP C14 amino acids from these lens proteins 
as well as other experiments, would indicate that Co** had a 
true activating effect on these incorporating systems. 


Biochemistry 
INCORPORATION IN VIVO OF ETHIONINE INTO RAT PROTEINS. SEX 
DIFFERENCE AND EFFECT OF 17-ETHYL-19-NORTESTOSTERONE. H. 0. 
Trovbesagee and Y. Natori.* Depts. of Pathology and Biochemis- 
ry, 1 of Med., Univ. of Calif., San Francisco, Calif. 
It has been observed by Farber and Corban (J. Biol. Chem. 
233:625, 1958) that the administration of ethionine to rats 
ibits hepatic protein synthesis in the female but not in th 
male. This sex difference has been attributed, at least in pert 
to the presence of androgens in the male. We have studied the 
incorporation of trace amounts of L-ethionine-C*4, injected 
intraperitoneally, into proteins of the hepatic microsomes, 
total liver, pancreas and blood plasma of rats. It was obser- 
ved that a significantly greater amount of ethionine was in- 
corporated into the protein of hepatic microsomes and the pan- 
creas of female rats as compared with the males. To determine 
the possible influence of androgenic hormones female rats were 
injected with 17-ethyl-19-nortestosterone prior to the adminis- 
tration of trace amounts of the labeled ethionine. The pre- 
treatment with this synthetic hormone resulted in a marked de- 
crease in the amount of ethionine incorporated into the hepa- 
tic microsomal proteins. In contrast, no significant differ- 
ence was observed in the incorporation of labeled methionine 
and leucine with the administration of the same hormone. The 
implication of these observations in relation to the mechani 
of ethionine toxicity will be discussed. 


Biochemistry 


METABOLISM OF SEROMUCOIDDS IN EXPERIMENTAL 
NEPHROSIS. Raymond Barcelo* and David L. Drabkin. 
Dept. Biochem., Grad. School of Med., Univ. of Pennsyl- 
vania, Phila. 

In normal rats the seromucoids (plasma glycoproteins 
with more than 4 % of hexose) are present at a level of 140 
mg % (biuret method) with 15 mg % of hexose (orcinol me- 
thod), compared with 60 mg % and 12 mg % hexose in man. 
In the rat the seromucoids were extraordinarily responsive 
to such mild stresses as saline injection, their level rising 
for 2 weeks post-injection to 237 mg %. In the experimental- 
ly nephrotic rat of 250 gm body weight, at 3 days after antl- 
kidney serum, the seromucoids rose to 290 mg %, then fell 
to 538 mg % at 8 days. The mean total protein excretion du- 
ring this period was 811 mg per day and the output af urina- 
ry seromucoids was relatively constant at 84 mg pet £2Ys or 
11 % of the total protein. By means of glycine-2-C”~ the 
following turnover rates (1/2) were obtained: controls, al- 
bumin = 3.1 days, seromucoids = 1.7 days; nephrotic, albu- 
min = 2.2 days, seromucoids = 0.8 day, with a rapid compd- 
nent = 0.3 day. The hepatically produced seromucoids have 
very high turnovers and spill very readily in nephrosis. 
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Biochemistry 
ISOLATION, CHARACTERIZATION AND METABOLISM OF 
URINARY OLIGOPEPTIDES. Edward E. Haley*, Donald L. 
Buchanan and Roman T. Markiw*, VA Hosp., West Haven, 
and Dept. of Biochem., Yale U., New Haven, Conn, 

Many presumed oligopeptides have been noted in human 
urine but few have been positively identified. We have isola- 
ted some of these by carrier displacement and paper chroma-~ 
tography and have from 11 subjects identified asp-gly and 
asp-ser. Identities were established by end group analyses 
and confirmed with asp-gly by synthesis. Both peptides read- 
ily isomerize to B forms under acid conditions. L-asp-gly 
has been prepared from gly-1 -C!4 and given to human sub- 
jects (10 wc I,V.). The bulk of the 8 form is rapidly excreted 
inthe urine, but small fractions of radioactivity appear in 
CO,, hippuric acid, and plasma protein, Isotope from the a 
peptide appears much more abundantly in these 3 components. 
Asp-gly and asp-ser appear in urines of patients fasting 3 or 
4 days so do not seem to arise by absorption of incompletely 
hydrolyzed foodstuff.. The isotope from a-asp-~gly-1 -Cl4 is 
incorporated into the TCA insoluble fraction of rat liver 
homogenates, but less efficiently than free glycine. Unlab- 
eled glycine inhibits the incorporation, 








Biochemistry 


SERUM ALBUMIN CATABOLISM. Henry Jeffay*, Jose C. 
Gan*, and Marshall Matz*. Univ. of Titincts- Toll. 
of Med., Dept. of Biochem., Chicago, I11l. 

In comparing the distribution of the catabolism 
products of serum albumin-S95 and methionine-S35, 
knowledge of the serum albumin content and its spe- 
cific activity (SA) in the various tissues was ne- 
cossary, After the administration of rat serum al- 
bumin-S°5 to adult rat, blood, urine and 12 tissues 
were collected. Duplicate portions of the tissue 
fractions containing serum albumin (vascular and 
extravascular) were incubated with rabbit anti-rat 
serum albumin. One precipitate was counted, the 
other analyzed for protein. Tissue serum albumin 
SA was always zero even though enough albumin was 
isolated to theoretically yield readily detectable 
activity (200 cpm). The SA of albumin in serum was 
the same when determined on the isolated fraction 
from electrophoresis or immunochemical precipita- 
tion. The immunochemically precipitated tissue al- 
bumin appears not to be in an exchange equilibrium 
with the serum albumin. 





Pathology 


THE EFFECT OF MERCURY POISONING ON SERUM PROTEIN METABOLISM 

AND ON RENAL EXTRAVASCULAR SERUM PROTEIN SPACE. L,. I. 

eet and R, D, Coye., Univ, of Wisconsin Med. School, 
son, Wis, 

Eight rabbits were administered 1131 1sbeted serum protein 
and 16 or 18 days later were given I.V. HgClo 1.5 mg/kg. 
During the pre and post HgClyg periods, specific activities 
of the serum Proteins were determined and the results plotted 
to give the metabolic rate of degredation, No significant 
change in the rate of serum protein degredation wes noted in 
any of these 8 animals. 113! ang T1824 labeled protein wes 
utilized to measure the renal extravascular serum Protein 
Space in HgClo poisoned rabbits, After equilibration of the 
1131 labeled serum protein, the animals were given HgCl, and 
T1824 and were sacrificed from 1 hour to 10 days later. The 
Pace was expressed as the ml, of serum that contained the 
Same amount of label as the perfused kidney, Both the 1131 
and T1824 spaces were increased with » maximum rise et 3 
days, The increase in the I space wes much grester than 
— T1824, (Supported by a grant from U,S.P.H., 





Immunology 


THE EFFECT OF CORTISOYE ON THE INCORPORATIOY OF S35 LABELED 
AMINO ACIDS INTO SERUM AND TISSUE PROTEINS. A. —pantivan a 


D. W. Talmage and J, Radovich*. Univ. of Colo., Denver, Colo. 





The incorporation of amino acids into serum and tissue 
proteins of rats was measured by i.p. injection of $35 yeast 
hydrolysate two hours after one and_ seven daily injections of 
cortisone. The incorporation of $35 was measured in electro- 
phoretically separated serum protein fractions and in the TCA 


precipitated protein masses of tissues. A striking difference 


in the incorporation into protein was found between the group 
injected with radioactivity two hours after the first dose 
and the group injected two hours after the seventh daily dose 
of cortisone. Two hours after the first injection, the 
specific activities of all the proteins were higher than in 


the control animals. Two hours after the seventh injection of 


cortisone a striking dichot:my was found between the serun 
and tissue proteins, with marked elevations in the specific 
activities of serum proteins and comparable reductions in the 
tissue values, The hypothesis is advanced that the initial 
effect of cortisone is the same on all cells, vossibly an 
increase in transport or metabolism of amino acids. 
Debilitating effects of cortisone, according to this 
hypothesis, are secondary to the reduced serum concentration 
of one or more amino acids which results from the increased 
competition for the limited supply. 


Immunology 


THE METABOLISM OF SERUM PROTEINS IN HENS AND OVARIAN 
TRANSPORT OF SERUM PROTEINS AND SPECIFIC ANTIBODY TO 
YOLKS, Roy Patterson*t. U.Pgh. School of Med., Pittsburgh, Penna. 
Serum protein metabolism in laying hens was studied by means of | 
trace labeled chicken serum albumin and y globulin. The half-lives of 
these proteins in hens are 66.5 and 35 hours, respectively. These pro- 
teins were followed from hens to yolks in sequentially laid eggs and a 


relatively greater concentration of y globulin than albumin was observed. 
The concentration of these proteins in the ovarian ova of hens sacrificed 


24 hours after intravenous injection showed increasing transport of these 
proteins during maturation of ova to a certain stage of intraovarian de- 
velopment. Comparative electrophoretic pattems of hen serum, yolk 
proteins and the serum of developing chicks confirmed greater relative 
concentrations of y globulin over albumin in yolks as compared with hen 
serum and demonstrated alterations in electrophoretic pattems with 
maturation of the chick. Half-lives of I'%' labeled chicken serum al- 
bumin and y globulin in 1-7 day old chicks were 42 and 72 hours, res- 
pectively. The elimination of circulating !'31 labeled bovine serum 


albumin (BSA) by catabolism and immune mechanisms in hens was studied 


in conjunction with production of anti BSA antibody. 
t Present address: Northwestem Univ. School of Med. 
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Physiology 
PROPERTIES OF A POLYPEPTIDE FORMED BY INCUBATING 
CEREBROSPINAL FLUID WITH PLASMA GLOBULIN. Loring F. 
Chapman, Armando ©. Ramos and Harold G. Wolff. Dept. of 
Medfatne (Neurology), New York Hospital-Cornell Medical Center, 
New York City. 

Human cerebrospinal fluid was incubated with 1% bovine plasma 
globulin for 15 minutes at 37°C, precipitated in a boiling water bath, 
and the supernatant lyophilized, yielding a yellow-brown powder. 
This material relaxed isolated rat duodenum, contracted rat uterus, 
and depressed rat blood pressure. It was inert on the guinea pig 
ileum, Incubation with chymotrypsin destroyed the pharmacodynamic 
activity of the material, indicating that this activity stemmed from a 
polypeptide. During the course of its destruction by chymotrypsin, 
the activity of the material (as expressed in bradykinin equivalents) 
on the uterus, duodenum, and blood pressure decreased concurrently 
and in constant proportion, indicating that the observed activity 
stemmed from a single substance. Although this substance had many 
of the properties of oxytocin, bradykinin, and kallidin, simultaneous 
quantitative assays on several assay systems indicated that it was not 
identical with any of these. The pharmacodynamic activity of the 
substance was inhibited by cortisone and by salicylate and was 
potentiated by lysergic acid diethylamide. 





| 
| 





Biochemistry 
ELECTROCHEMICAL ANALYSIS OF PROTEIN MIXTURES ON 
PAPER. C. A, Broomfield* and H. A. Scheraga. Dept. 
of Chem., Cornell Univ., Ithaca, N. Y. 

The present work, arising from observations of 
Sharpsteen on the existence of E.M.F. gradients on 
paper electrophoresis strips, involves a selective 
method of detecting the protein-bearing areas on 
such strips; in this method metal ions are bound to 
proteins. A paper strip, bearing heat-denatured 
protein, is dipped into a solution of a metal salt, 
and then scanned with an electrode made of the same 
metal. The point where the electrode is in contact 
with the paper constitutes a half cell; if a fixed 
electrode is placed on a protein-free portion of the 
paper, the whole system will be an electrolyte- 
concentration cell, the E.M.F. of which is a function 
of the ratio of the activities of metal ion at the 
two points. In the protein-bearing areas, the 
activity of free metal ion is lowered, due to bind- 
ing by the protein, causing a change in E.M.F., 
which may be measured with a recording potentiometer. 
The theory was verified with pure proteins. High 
resolution was obtained with the components of 
plasma. 


Biochemistry 


HALF-CYSTINE PLUS CYSTEINE CONTENT OF PAPAIN. A. N. Glazer.* 
Univ. of Utah College of Med., Salt Lake City, Utah. 

Previous studies (J. Biol. Chem., 230, 669 (1958)) indi- 
cated that papain contains 8 sulfur atoms but only 6 half- 
cystine residues per mole and no methionine. Unactivated 
papain contains less than 0.3 mole SH/mole protein. Acti- 
vation of papain by passage through ea reducing column yields 
active enzyme with a thiol titer of 0.6-1.0 mole SH/mole 
papain. in aoreement with previous results. The disulfide 
interchange reaction (Glazer and Smith, J. Biol. Chem., in 
press) has been applied to papain. Papain ig ellowed to 
react with di-DNP-cystine in 9.6 N HCl at 39°. From the 
equilibrium values at different ratios of protein to DNP 
derivative the apperent half-cystine content of papain was 
calculated to be 8. Amperometric titrations in presence and 
absence of sulfite indicate the presence of 3 disulfide bonds 
in the native protein and disulfide bonds in acid-treated, 
urea-denatured papain. Amino acid analyses of papain oxi- 
dized with performic acid by a modified procedure (courtesy 
Dr. S. Moore) indicate the presence of 8 moles cysteic acid/ 
mole papain. It is apparent that the sulfur content of 
papain may be accounted for in terms of the half-cystine 
content of this protein. 


Biochemistry 
SOME PHYSICO-CHEMICAL STUDIES ON ALPHA CRYSTALLIN ISOLATED 
FROM OX LENS. Salil K. spout and Virgil L. Koenig. 
Northwestern Univ, - School, Chicago, nois, 

In a previous communicaticn (Fed. Proc. 19, 338 (1960)), 
sedimentation studies indicated the reversible dissociation of 
alpha-crystallin (AC) at pH 2,0 into two components having Soo 
values of 8,28 and 1.45. At pH 9.1, one component exists 
having a Soo value of 18.82, Electrophoretic analyses in both 
acid and aikeline solutions showed only one component, AC dis- 
solved in NaCl-HCl, pH 2.0, ionic strength (u) 0,1 showed two 
components having Sq values of about 8.2 and 1.4. When the 
same solution was adjusted to 9.1 and dialyzed against NaoHPO,, 
PE 9.1, u 0,3, one component having a Sog value of 17.83 was 
present, thus confirming the pH-dependent reversible dissocia- 
tion of AC. Viscosity studies on AC in NaoH > PH 9.1 and u 
from 0,1 to 0.6 gave weight intrinsic viscosities (N) ranging 
from 0,081 to 0.986 (average, 0.08)). The results indicate 
independence of N to u at pH 9,1. Values of N for AC in NaCl- 
HCl, pH 2,0, u 0,05, 0.10, 0.15, and 0,20 are 0,14, 0.133, 
0.154, and 0,219, respectively. The AC solution in NaCl-HCl 
pH 2,0, u 0,10 having a value of N of 0,133 was adjusted to 
PH 9.1 and dialyzed against NaoH pH 9,1, u 0,3. The value 
of N in the latter solvent was 0, » again showing the 
apparent reversible transformation of AC with pH. 
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Biochemistry 


PHYSICAL PROPERTIES OF DOGFISH SHARK SKIN COLLAGEN, Marc §, 


Lewis* and Karl a. Piez. Natl. Insts. of Health, Bethesda, 


Collagen has been prepared from the skin of the common 
fish shark (Squalus acanthus) by extraction with cold 0.5 
acetic acid and purification by alternate precipitation with 
NaCl and by dialysis against 0.02 M Kj,HPO,. The purified 
collagen was studied by amino acid analysis, electron 
microscopy, viscometry, optical rotation, and by analytical 
ultracentrifugation. amino acid analysis indicates 57 
residues/1000 for hydroxyproline and 99 residues/1000 for 
proline as compared to about 100 and 125 respectively for th 
mammalian collagens. This is consistant with the lower 
denaturation temperature of the shark skin collagen. Electra 
microscopy shows the 700 a periodicity typical of collagens, 
The intrinsic viscosity was found to be 14.2 dl/gm; s° 2 

20,w 
3.28; (1, = -345° at 7°. Following denaturation, Jp = «17 
at 25°; 550, = 3.42 and 5.03 for thee and g components, 
Calculations from the sedimentation patterns indicate that th 
two components were present in essentially equal proportions 
by weight. Both optical rotation and viscometry indicate ths 
denaturation is initiated at 12°, is about half complete at 
16°, and is essentially complete at 20°. all of these studig 
were conducted at pH 3.75 in 0.15 M citrate buffer. 





Biochemistry 

ENZYMATIC PROPERTIES OF POLY-DL-T-LEUCYL-a-CHYMOTRYPSIN. 
R. R. Becker, O. A. Darling,* and R. G. Ona.* Biology 
Division, Oak Ridge National Laboratory, Oak Ridge, Tenn., 
and Department of Chemistry, Columbia University, New York, 

A study of the enzymatic activity of poly-DL-t-leucyl-q- 
chymotrypsin has been carried out utilizing the following sub 
strates: N-acetyl-L-tyrosinhydrazide (ATH), N-acetyl-L- 
tyrosinhydroxamide (ATHx), N-acetyl-L-tyrosine ethyl ester 
(ATEE), L-tyrosine ethyl ester (TEE), and benzoyl-L-valine 
methyl ester (BVME). The results showed a shift of the pH 
optimum towards the basic side for the ATH-modified chym- 
trypsin system as compared to the native enzyme. No differ- 
ences in pH optimum were noted with the other substrates. 
Determination of apparent kinetic constants revealed no sig- 
nificant change in K, values for all substrates studied except 
BVME where a significant decrease was noted. The kz values 
for ATH-, ATHx-, ATEE-, TEE-, and BVME-poly-DL-t-leicyl-a- 
chymctrypsin systems were 150%, 85%, 75%, 65%, and 100% of th 
corresponding k values for a-chymotrypsin. Structural 
studies on the modified enzyme indicate the attachment of a 
t-leucine peptide to a lysine near the active center. For the 
slow systems (ATH, BVME), it appears that the effect of mil- 
fication is to speed up those steps preceding k2; for the fast 
systems, the effect is one of decreasing k3 possibly by 
inhibiting deacylation. 


Biochemistry 


MODIFICATION OF CERULOPLASMIN INDUCED BY REMOVAL OF COPPER. 
H. F. Deutsch and C. B. Kasper.* Dept. Physiological Chemis- 
try, University of Wisconsin. 

Previously reported studies on crystalline ceruloplasmin 
have indicated that its electrophoretic properties can be mod- 
ified by treatments leading to losses of copper. In continu- 
ing studies the effects of ascorbic acid, cysteine, 2-mercap- 
toethanol, d,l-penicillamine and N,N-diethyldithiocarbamate 
have been investigated. The latter reagent in the presence of 
ascorbic acid has been found to convert ceruloplasmin into 
molecules one-half the size of the native protein. This trans- 
formation is accompanied by changes in the electrophoretic 
mobility and immunological reactivity. Protein with modified 
electrophoretic properties produced by various means can be 
readily separated from native ceruloplasmin on cellulose ania 
exchange columns. Amino acid analyses of ceruloplasmin indi- 
cate the presence of two half-cystine residues per molecule. 
These may be an important linkage in the molecule and their — 
role in the molecular transformation induced by N,N-diethyldi- 
thiocarbamate is being investigated. 

Immunological reactions of the dissociated protein with — 
antibody to native ceruloplasmin in agar-gel by the Ouchter- — 
lony technique reveals two antigenic components as compared 
to one for the native protein. 
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Biochemistry 


* 
OF TUNA AND OTHER MYOGLOBINS. W,. Duane Brown. 
ara: Resources, Univ. of California, Berkeley, Calif. 


































































oy. zm inste 4 “ee been prepared from tuna fish and mammalian 
— yoglobin nas ate d DEAE-cellulose 
0.5 ¥ uscle by ammonium sulfate fractionation an e 
a vil Se aateec aphy: All of the tuna myoglobins studied (four spe 
ted che ) contain free -SH groups; this property is not, known for 
sy ther myoglobin. Amperometric titration with Ag indicates 
tical pe ™ er mole in every tuna myoglobin, but the half-cystine 
ioe as determined by the cysteic acid method is only 1 per 
for ole (Je Biol. Chem. in press). All of the tuna and whale 
for the nyoglobins have closely similar electrophoretic properties but 
r vy be separated on paper (barbital buffer, pH 8.6 = ee 
Electro ME and in a moving boundary apparatus (e.g. barbital buffer, p 
agens, 8,6) b = 06910, 10 ma). Chromatographic separation can be Tis 
. ffected on DEAE-cellulose columns (Tris buffer, pH 8.6, 0. 
Ow 7 0,05 M). These columns provide an excellent means of separa~ 
D7 “lt ¥ of myoglobin from hemoglobin, the latter being completely 
yee } aie’ on the column under the indicated conditions. The 
that the relative rates of dialysis of these myoglobins through 20/32 
rtions Visking tubing are in decreasing order: bovine, whale, yellow- 
ate tht @ «:, tuna, bluefin tuna, skipjack tuna, and albacore tuna. 
te at Absorption spectra of -the myoglobins are very similar to spectra 
Studies of hemoglobins. The tuna myoglobins are relatively stable in 
aqueous solution but become insoluble when dried. 
vemistry Biochemistry 
\- THE BEHAVIOR OF HYDROGEN RONDS IN UREA SOLUTIONS. 
Milton Levy and John Magoulas*. N.Y.U. College of Dentistry 
an. , iew lOrKe 
fork, The statement that urea is a hydrogen bond breaker often 
r1-a- appears as an explanation of its effect on proteins. No 
ing sub fm experimental basis for this statement about urea exists. 
Ne tion in this laboratory of the effects of urea on com- 
ster pounds known to contain hydrogen bonds have shown them to be 
ine stronger in urea solution than in water. Thus comparison of 
. pH Pky of maleic acid with that of its half ester in water gives 
m0 = a Smaller hydrogen bonding constant than comparison of the 
ffer- same numbers in 7M urea. The pK of salicylic acid in urea 
S. also indicates stronger hydrogen bonding than in water. Thus 
sige a hydrogen bond between a carboxyl and a carboxylete group 
- except is strengthened by urea as is a hydrogen bond between a 
lues carboxylate and a phenolic group. Water is a better hydrogen 
-a- bond breaker than is urea. These findings do not deny the 
of th | existence of hydrogen bonds in proteins. They do indicate 
that denaturation by urea is not caused by their breakage 
of a but must result from some other effect of urea. In diethyl- 
or the malonic acid hydrogen bonding is related to restriction of 
modi- rotation by hydrophobic interactions of the ethyl groups. 
he fast In this case urea lowers the hydrogen bonding. 
(Supported by a grant from U.S.P.H.S.) 
woletry Biochemistry 
a peg OF THE OPTICAL ROTATORY BEHAVIOR OF PLASMA ALBUMIN 
pH 4. Joseph F. Foster and William J. de.*. 
i Department of Chemistry, Purdue University, te, Ind. 
a The expansion of serum albumin and the accompanying increase 
Ph: in levorotation which take place below pH 3.5 is well-known. 
call This reaction is preceded by the N-F isomerization which has 
a been deduced from electrophoretic studies by Aoki and Foster 
na (J. Am. Chem. Soc. 3385 (1957)). Jirgensons (Arch. Biochem. 
ri Hophys. 78, 227 (1958)) has shown by studies at low wavelength 
cang- | (25 ™) that @ small but significant decrease in levorotation 
r takes place in bovine plasma albumin near pH 4. Human albumin 
tied exhibited little or no effect in this pH range. He suggested 
“ that this phenomenon is associated with the N-F isomerization 
eaill reaction. The authors have investigated in greater detail the 
ndi- § Pependence of the optical rotation of bovine plasma albumin 
lé! ‘nd both human albumin and human mercaptalbumin at 313 m. 
‘ The effect of deionization of the protein and influence of 
yldi- various added anions has been explored. In addition some dis- 
persion studies have been made. Both bovine and human prepara- 
. tions exhibit a change in rotation suggestive of a pH-dependent 
wit transition which is closely related to the N-F equilibrium. 
+d Careful examination of the data that rotation and 





suggest 
sis may reflect different transitions in the 
(Foster and Aoki, J. Phys. 





Sequence which has been 
Chem. 61, 1369 (1957)). 





Biochemistry 

TITRATION CURVES FOR CREATINEKINASE. W, A. DaCosta*, J, R, 

arks*, and F b Department of Biochemistry, 
Eoward University Medical School, Washington 1, D. C. 

Titration curves of creetinekinase were examined at various 
ionic strengths. Whereas the ionization curves for the phe- 
nolic groups ere reversible, there sre indications of irre- 
versible alteration of the protein structure at low and high 
pH values. There is e small difference between the isoionic 
point and the reported isoelectric point suggested from the 
intersection of the titration curves et three different ionic 
strengths. The number of protons bound by the protein going 
from the isoionic point to the maximum acid binding level of 
the titration curve gives 8 value far below the 126 cationic 
groups expected from the chemical analysis. The titration 
curves for the protein in 8M ures and in 5M guanidine HCl - 
1.2 urea were also studied in order to ascertain whether more 
titreble groups of the protein are available in the presence 
of these agents. 


Biochemistry 


SOME FACTORS EFFECTING THE SEDIMENTATION OF Q&-CHYMOTRYPSIN, 
Joseph H, Lang* and Richard Arnold*, Dept. of Biochem. and 
Nutr., Univ. of Pittsburgh, Pittsburgh, Pa. 

Q-Chymotrypsin has long been known to polymerize in solu- 
tion. Massay, et. al. (Disc. Faraday Soc. 20:24, 1955) found 
that in pH 7.9 phosphate buffer, 0.03 ionic strength, it sed- 
iments as a double peak. The sedimentation coefficient, S, 
for the faster peak, has a very pronounced dependence upon 
concentration. We have found essentially the same behavior 
in 0.02 ionic strength tris buffer. At 0.5% protein and 0.02 
ionic strength, S was measured over the pH range 2-9. Below 
pH 7 the protein sedimented as a single peak whose S rose 
from 2.7 at pH 2 to 3.7 at pH 7. From pH 7 to 8.6 sedimenta- 
tion occurred with splitting into two peaks. For the slow 
peak, S remained constant at 2.8, while for the fast pe P s 
went through a maximum of 6.8 at pH 7.9. With 1073M Cat » a- 
chymotrypsin sedimented as a single peak in the pH 7-9 region. 
The depe — of S on protein concentration at pH 7.9 and 
1073M Gat was different from its a mce at high ionic 
strength or low pH in the absence of Ca ; The sedimentation 
behavior of Q-chymotrypsin under different conditions makes 
it seem likely that it is able to polymerize in qualitatively 
different ways. The higher degree of polymerization occur- 
ring at low ionic strength at pH 7-9 appears to be due prin- 
cipally to electrostatic interaction. 





Biochemistry 


STRUCTURAL ASPECTS OF ACETYLCHOLINESTERASE. 
H. Claire Lawler”. Depts. of Neurol. and Biochem., Colum- 








bia University, College of P. & S., New York, N.Y. 

The molecular weight of an acetylcholinesterase extracted 
from electric eel tissue has been demonstrated by two differ- 
ent physical methods to be greater than 10 million. A large 
number of active sites per molecule was determined by in- 
activation of acetylcholinesterase with known concentrations 
of diethoxy-phosphorylthiocholine (phospholine). In addition, 
hydrogen bonds are probably necessary to the structuralform 
of the active site as urea readily, irreversibly, denatures 
acetylcholinesterase. Phospholine inactivation was determined 
on acetylcholinesterase saturated with phospholine, reactivated 
by Z-PAM, partially denatured with urea and freed of urea 
by dialysis. It was found that after 22 per cent loss of enzyme 
activity by urea treatment there was no significant increase 
in nonspecific sites nor did phospholine bind at the urea de- 
natured sites. Some structural aspects of the enzyme will 
be discussed. 


















Biochemistry 
DIFFERENCE SPECTRAL AND CONFIGURATIONAL CHANGES OF 
TRYPSINQGEN IN ACID AND NEUTRAL SOLUTIONS. Lawrence B. 
Smillie and Cyril M. Kay.” Department of Biochemistry, 
Univ. of Alberta, Edmonton, Canada. 

The effects of acid pH on the spectral, viscosity and 
sedimentation properties of trypsinogen have been studied. 
The spectral shifts to lower wavelengths, largely 
attributable to tryptophan, have been shown. to be closely 
associated with a reversible configurational change between 
pH 3 and 4. Light scattering measurements show no change 
in molecular weight. At pH &.0, calcium chloride produces 
a significant red shift in the absorption spectrum of 
trypsinogen. This has been attributed to a configurational 
change which is not produced by equivalent ionic strengths 
of sodium chloride. (Supported by grants from the National 
Research Council of Canada and the Life Insurance Medical 
Research Fund.) : 





Pathology 


THERMAL DENATURATION OF CITRIC ACID SOLUBLE HUMAN SKIN COLLA- 
GEN OF THE NEWBORN. Seymour Bakerman*. Dept. of Pathology, 
Univ. of Kans. Med. Center, Kansas City, Kans. 





In order to establish basic molecular parameters for studies 


on aging and disease states, investigations were undertaken on 
human skin collagen from the fetus and the newborn. In sup- 
port of variation in the properties of collagen in both age 
and disease states, differences have been observed in the 
electron-microscopic pattern and the histologic tinctorial 
properties. The temperature of denaturation is a property of 
acid soluble collagen that differs in many species and has 
been correlated with amino acid composition and helical con- 
figuration and is probably related to changes in age and dis- 
ease states. In our work, the thermal denaturation properties 
were determined in the newborn by viscometry measurements at 
pH 3.5. Perceptible denaturation occurred at 36°C. and de- 
naturation was apparently complete at 40°C. The temperature 
of greatest rate of viscosity change was at 37.5°C. By ultra- 
centrifugation a single sharp peak was present before denatu- 
ration and two components were identified in the breakdown 
products. The temperature of denaturation of human acid sol- 
uble skin collagen of the newborn is in the general tempera- 
ture range of that found by previous investigators on other 
mammalian collagen. (I acknowledge the technical assistance 
of Mr. Robert Wilcox. ) 


Nutrition 


RETENTION OF STRONTIUM IN EGG PROTEINS. Frank R. Mraz, 
UT-AEC Agr. Res. Lab., Oak Ridge, Tennessee. 


Two milliliters of either yolk or albumen were dialyzed 
against 200 ml. of solution for 18 hours at about 5° C in 
the dialysis studies and 5 ml. of protein were used in the 
ultrafiltrate studies. The ultrafiltrable fraction of 
albumen contained slightly more than 10% of the Sr-85 in 
albumen. ‘Twenty five per cent of the Sr-U5 was removed 
from albumen through dialysis ageinst water while 75% was 
removed when physiological saline was used. The ultra- 
filtrable fraction of yolk contained only 1% of the Sr-05 
in yolk. As with albumen when dialysis was made against 
water, 25% of the Sr-85 was removed from yolk but only 40% 
was removed when physiological saline was used. Although 
Sr-85 passed across a cellulose membrane readily, very 
little Sr-85 activity was observed to pass in either 
direction across the vitalline membrane of an intact yolk. 
Sr-85 was generally found to be more tightly bound to the 
yolk than the albumen fraction of the egg. 
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Physiolog 

THE REACTION OF FORMALDEHYDE WITH PROTEINS. Leo J. Saidel* 
and Wilbur A. Ingram". The Chicago Medical School, Chicag, 

As a first step in the determination of the precise crogp 
linking locus of formaldehyde within specific proteins, a — 
preparation of formaldehyde treated insulin (116 days in 0.1 
formaldehyde at 37° and pH 6.8, followed by two precipitatig 
with acid) was subjected to dinitrophenylation both before gj 
after acid hydrolysis. The dinitrophenylated hydrolysate ' 
vided a quantitative measure of all of the unchanged amino 4 
acids by the Levy method. Comparison of the analysis of th 
formaldehyde treated protein with that of the untreated 
protein indicated irreversible alteration of all of the tym 
sine and fractions of a mole of lysine, arginine, histidin, 
phenylalanine and glycine. All of the other amino acids ip | 
the treated protein were recovered in essentially quantitati 
amounts. At least two unidentified yellow spots were founi: 
the chromatogram obtained with the ether-soluble fraction, © 
Although it is not yet possible to designate the crose-1 inks 
residues, examination of the known structure of insulin dos 
suggest certain groups which can react with formaldehyde ani 
which are within methylene bridging distance of each of the 
tyrosine residues. The determination of such loci by means 
of cross-linking agents of various linear dimensions could 
throw light on tertiary structure of proteins. (Aided dy com 
tract with Office of Naval Research.) 


Physiology 


RELATIONSHIP OF BENCE JONES PROTEIN TO MYELOMA PROTED 
FORMED IN THE SAME TUMOR AND TO NORMAL GAMMA GLOBULIN © 
John L. Fahey and Brigitte A. Askonas*, National 
Institute Medical Research, London, England, and 
National Cancer Institute, Bethesda, Maryland 
Urinary Bence Jones protein with sedimentation coef- 
ficient of 3.4S (molecular weight of 45,000) and a serum 
myeloma protein with 520, of 6.5S have been shown to be — 
synthesized in the mouse plasma-cell tumor, MPC=2. The pos 
sibility that the smaller, Bence Jones protein might re- 
present a portion of the myeloma globulin molecule or of nom 
mal y-globulins was investigated. 4 
Normal mouse y-globulin and MPC-2 myeloma protein were 
reduced to 3.4 fragments by papain digestion. These frag- 
ments were fractionated by DEAE-cellulose chromatography, 
and were compared with the Bence Jones protein by means of — 
ultracentrifugation, starch gel and immuno-electrophoretic 
procedures, and Ouchterlony double diffusion technic. Al- 
though the Bence Jones proteins were found to share some pre 
perties with papain-produced fragments of normal y-globuling 
and MPC-2 myeloma protein, physicochemical and antigenic dif 
ferences were observed which make it unlikely that the 
Jones protein corresponds to any part of the MPC-2 myeloma 
protein or normal y-globulins obtainable by papain digestion, 


Physiology 


STUDIES ON THE PLASMA GLYCOPROTEINS IN RABBIT. Sidney 
Cooperband* and Evan Calkins*/ Mass. Gen. Hosp. and 
Harvard Med. School, Boston, Mass. 

As a basis for future metabolic studies, pooled normal 
rabbit serum and plasma have been fractionated by Cohn 
methods 6 and 10, and the distribution of glycoproteins in 
these fractions has been determined. Fraction VI has been 
further subfractionated by the methods of Schmid (J.A.C.S. 
77:742,1955). Fraction VI-1, which in humans contains the a 
Blycoprotein and some ag glycoproteins, contains apparently 
analogous proteins in the rabbit. The rabbit proteins, how- 
ever, were found to migrate as a single @ band on paper elet- 
trophoresis at pH 8.6. They were slightly separable in P 
moving boundary electrophoresis at the same pH. In the 
ultracentrifuge they sedimented as a single peak (3.2S). The 
proteins of this subfraction can be separated further by 
alcohol fractionation and in starch gel electrophoresis (bor- 
ate buffer pH 8.6). In starch gel fraction VI-1 showed a fas- 
ter moving component migrating adjacent to but slightly be- 
hind the small amount of albumin present in whole fraction Vj 
slower components migrated in the post albumin region. These — 
proteins did not cross react with antisera specific for human” 
Q@y acid glycoprotein prepared in goats. Chemical, physico- ~ 
chemical and immunological properties of some of these glyco 
proteins will be presented. * 
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Biochemistry 


mg REDUCTION OF THE DISULFIDE GROUPS OF NATIVE PEPSIN. Olga 
0, Blumenfeld*. Rockefeller Institute, New York. Bi ssad 
Pepsin has 5 cystine residues and no free SH groups. It 
wes found that reduction of native pepsin by mercaptoethanol 
occurs in the pH range of 5.0 to 5.7 with a concomitant loss 
of enzymic activity. The rate of reduction depends on pH. 
At pH 5.7 the reduction is 2000 fold faster than at pH 5. No 
reduction takes place below pH 5 unless 3 to 4 M guanidine 
hydrochloride or 8 M urea are present. In 3 M guanidine 
hloride the pH range is extended to 3.8, in 4 M to 
pil 3.5 and in 8 M urea to pH 4, The 3 disulfide groups of 
pepsin differ in their reactivity. Although 6 -SH groups are 
titrated with p-chloromercuribenzoate if pepsin is reduced 
yith mercaptoethanol, only 4 to 4.5 groups react with iodo- 
acetate or N-ethylmaleimide, However, all 6 cysteine residues 
pecome available to these reagents when 8 M urea or 3 to 4 M 
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guanidine hydrochloride are present both during reduction 
with mercaptoethanol and substitution. These results will be 
discussed in terms of the tertiary structure of native pepsin. 






Biochemistry 


POLYMORPHISM OF a, -ACID GLYCOPROTEIN. K. Schmid 
and J.P. Binette*. Mass. General Hospital ani 
Harvard Medical School, Boston, Mass. 

Recently we have shown that a,-acid glycoprotein 
isolated from pooled normal h Plasma by Cohn's 
Method 6 resolved on starch gel electrophoresis at 
its isoelectric point (pH 2.7) into seven bands. In 
the present study a,-acid glycoprotein was prepared 
from individual pladma employing Cohn's Method 10. 
Under the same conditions these preparations re- 
solved into 4,5,6,7 or 9 zones. The frequency of 
occurrence of the patterns with the lower and the 
highest number of zones was low. In addition the 
relative intensity of the bands varied significantly 
in that either the second,third,fourth or second and 
fourth bands were indicative of the highest protein 
concentration. These observations raise the ques- 
tion as to whether the starch-gel-electrophoretically 
separated a.-acid glycoprotein molecules represent 
variants of the carbohydrate and/or polypeptide 
moiety of this blood glycoprotein and why such var- 
jants are produced at different rates. Supported 
by Helen Hay Whitney Foundation and Grant A-3564 
of the National Institutes of Health. 


Biochemistry 


@YOOPEPTIDES FROM RABBIT ;-GLCBULIN. Chris Nolen and Emil 
L, Smith. Univ. of Utah College of Med., Salt Lake City, Uteh 
Five glycopeptides have been isolated by ion-exchange end 

gel filtration techniques from a papain hydrolysate of a 
rebbit y-globulin preparation from Type VIII Pneumococcus 
antiserum. The fractionetion was followed by a photometric 
orcinol assay procedure for hexose. The orcinol-reactive 
components of the five glycopeptides accounted for 87% of the 
theoretical yield. Glycopeptide 2 has the sequence: Glu-NH,. 
Glu-MH,.Phe .Asp.(Glucosamine,; Hexose,3; Fucose,1) where only 
the cafbohydrate composition is indicated. Glycopeptide 3 is: 
Glo-MH,,.Phe Asp. (Glucosamine, ; Hexose, 3: Fucose, 1) and 
Slycopé pt ide kh: Glu.Glu-NH,.Glu-MH,.Phe.Asp.(Glucosamine, ); 
Hexose, 4; Fucose, 13 Sialfc Acid, 0.2.0.3), In each case 
the hexoses are galactose and mannose in the ratio of 1 to 2. 
The sequence studies indicate that the carbohydrate moiety 
is attached to the aspartyl residue. This is consonant with 
the composition of Glycopeptide 5, which contains only Asp 
and carbohydrate. The limited amount of this material did 
mt permit quantitative studies of the carbohydrate. Like- 
wise, studies on the limited amount of Glycopeptide 1 showed 
qualitatively the presence of Glu, Phe, Asp, Arg, Lys, Leu, 
The, and Ser (or Gly) as well as carbohydrate. Glycopeptide 
was not completely pure, which probably accounts for the 
extra residue of hexose and the sialic acid. 











Biochemistry 
ATTACHMENT OF HYDRATE TO PROTEIN IN HUMAN y-GLOBULIN. 
John A. Rothfus . Univ. of Utah College of Med., Salt Lake 
City, Utah. 

Rosevear and Smith (JACS 80, 250 (1958; JBC, in press) 
showed that the carbohydrate and protein of human y-globulin 
are joined through a linkage involving aspartic acid. Addi- 
tional evidence concerning the nature of this bond is now 
available. Periodate oxidation of y-globulin glycopeptides 
followed by reduction with NaBH, in N NaOH and mild acid 
hydrolysis gave a product, sepalicted by paper chromatography, 
which upon complete hydrolysis yielded equimolar amounts of 
glutamic and aspartic acids and glucosamine. No other reduc- 
ing hexose could be detected in this material. Since these 
conditions would destroy an ester, glucosamine is presumably 
linked to aspartic acid through an amide bond. That this 
amide involves the B-carboxyl group of aspartic acid is 
suggested by electrophoretic comparison of similar degrada- 
tion products with synthetic a- and B- glucosamides of 
aspartic acid. At pH 2.5, the only material which contained 
glucosamine migrated with the same mobility as B-aspartyl- 
glucosamine. To remain intact throughout the treatment of 
oxidation and reduction, the peptide bearing glucosamine resi- 
due must also be substituted in a 1,3- or 1,h-pattern. This 
suggests that the aspartyl-linked glucosamine residue occupies 
a position within the carbohydrate chain. 





Biochemistry 


ISOLATION AND CHARACTERIZATION OF GLYCOPEPTIDES FROM 
FETUIN. Robert G. Spiro. Mass. General Hospital 
and Harvar ~ school, Boston, Mass. 

Fetuin isolated from fetal calf serum as previ- 
ously described (J. Biol. Chem., 235: 2860, 1960) 
was susceptible in its native state to digestion by 
several proteolytic enzymes, including trypsin, chy- 
motrypsin, pepsin, papain, and a B, subtilis protease 
(Nagarse), Extensive digestion occurred with either 
papain or Nagarse; 90-94% of the peptide portion 
became dialyzable, while the entire carbohydrate por- 
tion remained in a nondialyzable state. The nondia- 
lyzable material from these two digests was fraction- 
ated on DEAE-cellulose columns and yielded, in both 
cases, a series of glycopeptides. All of these con- 
tained hexoses, hexosamines, and sialic acid in the 
same molar ratios as in fetuin, Physical and chemi- 
cal studies revealed that the glycopeptides were of 
similar size, with an average molecular weight of 
4300. The peptide chains varied in length from 4 to 
10 residues, all containing aspartic acid, alanine, 
and serine, Other amino acids found in some of the 
glycopeptides were glycine, proline, valine, and 
leucine, Amino acid end group analyses indicated 
the presence of both N- and C-terminal residues. 


Biochemistry 
PURIFICATION OF RP2-L: AN ACID-SOLUBLE NUCLEAR PROTEIN FOUND IN 
NEOPLASTIC TISSUES, Joseph R. Davis* and Harris Busch 
Baylor U. Col, of Med., Houston, Texas, 

Recent studies have indicated the presence of a radioactive 
protein peak (RP2-L) in a variety of tumors which was not 
present in growing or nongrowing nontumor tissues following in 
vivo injection of L-lysine-u-c! (Davis and Busch, Cancer Res, 
20: 1208, 1960), The acid-soluble nuclear proteins obtained 
from 50 gm of fresh Walker tumor were chromatographed on 
carboxymethylcellulose and 125 mg, of protein was obtained with 
alanine and valine comprising 71% and 29%, respectively of the 
N-terminal amino acids, Following rechromatography, a protein 
fraction was obtained in which alanine and valine accounted for 
91% and 9% respectively of the N-terminal amino acids. A single 
h g' is b dary was found on ultracentrifugation, The sedi- 
mentation constant was 1.8 S and the apparent diffusion const- 
ant was 4.6 cm@/sec, A molecular weight of 34,000 was calcu- 
lated for RP2-L. The amino acid composition of RP2-L was deter- 
mined; the molar fractions of leucine, lysine and alanine were 
0,121,0,108, and 0,105 respectively. The adjacent protein peak 
(peak B) was isolated and a molecular weight of 16,500 was found, 
From these data, it is calculated that RP2-L was isolated in a 
purity of 96% by weight. 











Biochemistry 
A NEW MACROMOLECULAR PARTICLE ASSOCIATED WITH ALFALFA MOSAIC 
VIRUS. J, J, Kelley* and Paul Kaesberg, Dept. of Biochemistry 
Univ. of Wisconsin, Madison 6, Wisconsin 

It has been reported previously that macromolecular 

particles having sedimentation coefficients of 73 Ss, 89 S and 
99 S are produced by plants infected with alfalfa mosaic 
virus. Only the 99 S particle is infectious. It has now 
been found that a fourth virus-like component exists. The 
latter (designated T,) was separated from the other three by 
fractional precipitation with MgClj, It is soluble in the 
presence of 0.05 M Mg’ whereas the other components are 
precipitated. Some chemical and physical properties of Ty 
and the 99 S component (separated from 73 S and 89 S 
components by means of density gradient sedimentation) have 
been measured. T, has a sedimentation custliciogt S20.w = 
68 S, a diffusion coefficient Doo y = 15.5 x 10-%, an RNA 
content of approximately 15@,°a molecular weight approximately 
3.9 x 10°, In the electron microscope the particles of T, 
appear spherical with dia. = 200 A. approximately, The 9 S 
component (i.e. the virus) has Doo ,, = 10.5 x 10-°, contains 
about 20% RNA and has a molecular feight approximately 8.4 x 
10°. In the electron microscope it appears as a rod with an 
axial ratio about 2.5 : 1 and a minor dimension of 
arproximately 200 A. T, and the virus are serologically 
related and have very similar amino acid composition. 


Biochemistry 


MICROSTRUCTURE OF MYELOPEROXIDASE. 
Julius Schultz, Herman Shmukler*, and Andrew Young? 
Hahnemann Medical College, Philadelphia, Pennsylvania. 





Of the three well known hemeproteins, cytochrome c, 
lactoperoxidase and myeloperoxidase whose prosthetic 
groups are bound to the peptide chain by co-valent linkages, 
little is known of the nature of this bond in myeloperoxidase. 

When degraded with trypsin over a period of days, 
myeloperoxidase was found to give rise to products which 
after absorption on talc, can be eluted with various mixtures 
of methanol, acetic acid and ammonia; the absorption 
spectra of all of these fractions are those of porphyrin 
derivatives containing amino acids. The free porphyrin was 
split from the peptide chain by HI and acetic acid. The 
nature of the porphyrin, the amino acids involved and the 
type of binding of the peptide chain to the prosthetic group 
will be discussed, and compared with the reaction products 
of lactoperoxidase with HI described by Hultquist and 
Morrison (ACS Abstracts, 137th Meeting, 36C, 1960). 


Biochemistry 


ON THE STRUCTURE OF a-LACTALBUMIN. Thomas S$. Seibles* and 
Leopold Weil. Eastern Regional Research Laboratory, U. S. 
Department of Agriculture, Philadelphia 18, Pa. 
a-Lactalbumin is a single chain whey protein (M.W. 15,500), 
having an N-terminal glutamic acid and a C-terminal leucine. 
The C-terminal leucine is hydrolyzed very rapidly by carboxy- 
peptidase A, without impairment of the crystallizability of 
the residual protein. By the alternate use of carboxypep- 
tidase A and carboxypeptidase B the following C-terminal se- 
quence of six amino acids was established:-- Ileu. Val. Tyr. 
Thr. Lys. Leu. COOH. Tryptic digestion of q-lactalbumin 
resulted in the liberation of lysine and leucine in stoichio- 
metric amounts, in addition to the peptide fragments. The 
free lysine might be due to a lysyl-lysyl or an arginyl-lysyl 
sequence within the peptide chain; the simultaneous release 
of leucine can be ascribed only *o the tryptic cleavage of 
the lysyl-leucine bond at the C-terminal end of the protein. 
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Biochemie 

THE CARBOXYL TERMINAL AMINO ACIDS OF B-LACTOGLOBULINS A 
Edwin B, Kalan* and Rae Greenberg.* Eastern Regional 
Laboratory, Philadelphia, Pa., U. S. Dept. of Agriculture © 

B-Lactoglobulins A and B were isolated from milks of 
individual, genetically-typed cows. Part of each of the 
crystalline proteins was converted to the S-sulfo derivatiy 
and each of the four compounds was analyzed for C-terminal] © 
amino acids with carboxypeptidase as the hydrolytic agent, — 
The amino acids released between 2 and 96 hrs. were quanti-« 
tated by ion exchange chromatography. The weight ratio of | 
enzyme to protein was 1:50 in an unbuffered system, adjustej. 
to pH 8.5, at 37° C, It was found that 2 moles of isoleuciy 
and about 1 mole of histidine was liberated from the native 
proteins per 37,300 Mol. Wt. However, the S-sulfo deriva- 
tives give rise very rapidly to 2 moles of isoleucine and? 
moles of histidine per 38,000 Mol. Wt. These were essentially 
the only amino acids released after 96 hrs. The results arg) 
in agreement with those of Davie et al. /J.B.C. 234, 2635 
(1959)/ for mixed B-lactoglobulin. However, when the native 
proteins were treated with a combination of carboxypeptidase 
A and B, a wide spectrum of amino acids was found, but 
leucine appears to be the amino acid following histidine 
instead of an expected basic amino acid. Both B-lactoglob 
A and B have the same C-terminal amino acid sequence which 
appears to be -leucyl histidyl isoleucine. 


Biochemisin 
OPTICAL ROTATORY DISPERSION AND MAGNETO-OPTICAL ROTATORY DiS. 
PERSION STUDIES OF HEMOGLOBIN. Mekio Murayama. Natl. Inst, 
of Health, Bethesda, Md. 

Sickle cell hemolysate has a negative temperature coef- 
ficient of gelation,i.e., a deoxygenated solution of sui ¢ 
concentration gels at 38°, but it liquefies when cooled tof 
(Murayama, J, Biol. Chem. 228:231, 1957). It wes suggested 
that a conformational change of the molecule occurs during 
the process of deaggregation. The present report, on the 
optical rotatory dispersion studies at 0 and 38 is con 
sistent with the notion of dynamic conformational changes — 
of the molecule, Three negative anomalous dispersion 
(Cotton effect) curves are obtained for the hemoglobin 
solution; they are caused by the chromophores in the 560 mj, 
the Soret and the ultra-violet regions, respectively. At 
38° the amplitude of the Cotton effect is increased in the 
560 mp region, whereas the others are little changed. This 
probably is due to the conformational change which alters | 
the Fe-protein relationship. The notion is further sustain! 
by the magneto-optical rotatory dispersion study, which 
demonstrated that the optical rotation is increased in the _ 
region caused by electrons of Fe (560 m region to 700 my); 
on the other hand the magnetic field has no influence on t 
optical rotation in the Soret nor the ultra-violet region, 


Biochemistry 


A OOMPARISON OF TWO GENETICALLY DIFFERENT B-LACTOGLOBULINS. 
K. A. Piez, E. Davie, J. E. Folk, and J. A. Gladner. Natl. 
Insts. of Health, Bethesda, Md., and Western Reserve Univ. 
Cleveland, Ohio. 

The two B-lactoglobulins, B-A and B-B, were separated by 
chromatography on DEAE cellulose and studied by amino acid 
analysis and peptide mapping of tryptic digests of the car- 
boxymethylated proteins. Minimum molecular weights of about 
18,000 were calculated from the amino acid compositions. é 
Since this is half the accepted value obtained from physical 
measurements, the presence of two identical subunits is indie 
cated. It was found that B-A has one more residue each (per 
subunit) of aspartic acid (16 vs 15) and valine (10 vs 9) ant 
one less residue each of glycine (3 vs 4) and alanine = 
(14 vs 15) than B-B; the compositions of the two proteins amt 
otherwise identical. One free sulfhydryl and two disulfide — 
bonds are present in each. The number of major spots found # 
peptide maps was consistent with the number predicted from 
the lysine plus arginine content assuming two identical sub- 
units. A comparison of the maps indicated that there was 4 
different amino acid sequence in at least one fragment. : 
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Biochemistry 


SOLATION, PURIFICATION, AND AMINO ACID COMPOSITION OF A 





: URINARY RIBONUCLEASE. R n and Kay K, Brown. 
ture my, of Labs. and Research, New York State Dept. of Health, 





ny. 
nese thousand liters of fresh male urine were processed 
wy the ethanol-salt fractionation method of Dickman et al. 
arch. Biochem. & Biophys. 74: 476, 1958) modified to minimize 
atheptic action. The final ammonium sulfate precipitate, 
fter two absorption-elutions from CMC resin columns, was 
romatographed under equilibrium conditions on IRC-50 resin 
t pH 6.0 in 0.2 M phosphate - 0.2 M acetate buffer, yielding 
p00 mq. of protein. The ratio of effluent 280 mu absorbancy 
o immunologic reactivity was constant throughout the region 
pf RNase enzyme activity. The RNase migrates as a single 
boundary in an electric field at pH 8.6 and sediments as a 
omogeneous protein with an S of 1.9. The pH of the iso- 
lts are MM onic protein is 10.3. Human RNase*s NH2 terminal residue 
635 s lysine but the polypeptide chain has less lysine, serine, 
Native Mand alanine, and more arginine, aspartic acid, proline, 
ptidase Mjcucine, and phenylalanine than bovine pancreatic RNase A. 
















E ymnan RNase contains about 8% of a substance which chromato- 
ine praphs like galactosamine on Dowex 50-X8. 
>g Loby 
vhich 
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RY Dis. DIFFERENTIAL ESTIMATION OF O-METHYL, S-METHYL AND SULFONIUM- , 
t METHYL GROUPS. TT. F. Lavine, N. F. Floyd and M. S. Cammaroti. 
a The Institute for Cancer Research, Philadelphia, Pa. 
t The basis of the method is the cleavage and estimation of 
08k BB cial (or other volatile alkyl iodides). Controlling factors 
d to fae for the cleavage reaction are acidity, iodide concentration 
sted and use of a non-volatile alkylating agent, usually B-iodo- 
e propionic acid (RI). The latter splits even refractory S-al- 
kyl compounds by formation and subsequent decomposition of 
sulfonium salts. On the basis of results with representative 
e compounds (vanillin, methionine, sulfonium salts, etc.) the 
ee following media are used for decomposition of the various 
| B® crops: 1. MHI + 6M Nal for OMe and StMe; 2. MHI +6 M 
60 Nal + RI for OMe, SMe and StMe; 3. 7 M Nal + RI for SMe and 
MA sive; 4. 7 MNaI for StMe. Partial decomposition of some SMe 
the compounds occurs in Procedure 1, especially when hydroxyl sub- 
stituents are present. Dialkyl sulfonium salts may yield 


Bie, volatile sulfides in Procedure 4; these may be estimated by 
stain absorption in acid-iodate and oxidation to the sulfoxide. 


* "fe Mercaptals yield mercaptans in all procedures, estimated by 
# edsorption in acid-iodate or HgClp. Application to intact 


a 7 proteins yielded accepted values for methionine by both Pro- 

- cedures 2 and 3. Some proteins, however, (egg albumin, casein 

ion, and zein) yielded results suggesting the presence of a small 
amount of OMe or similar groups. 


INS. PEPTIDE SEQUENCES IN TRYPSINOGEN. K. A. Walsh,* D. L. Kauff- 
atl mn* and H, Neurath. Univ. of Washington, Seattle, Wash. 
iv. As part of studies of the relationship between the primary 
structure of proteins and their biological activity and speci- 
iW ficity, the amino acid sequence of trypsinogen (Tg) has been 
id examined, Non-overlapping sequences accounting for about 50% 
¢ of S-sulfo Tg have been isolated from tryptic digests by con- 
boil ventional techniques of chromatography and ionophoresis and 
| their structures partially determined. As in the case of chy- 
teal mtrypsinogen (B. S. Hartley, J. Cell. Comp. Physiol. 54 Supp. 
indie 203, 1959), approximately 50% of the S-sulfo Tg molecule 
(per Temained insoluble in dilute acid. Although attempts to com- 
) and pare the partial structure of Tg with that of the biologically 
_ &§ ‘elated zymogen, chymotrypsinogen, are admittedly premature, 
a. nO striking similarities in sequence are yet apparent. In ad- 
ide dition to presenting the newly elucidated sequences (below), 
und a the appearance of peptide artefacts lacking free amino groups 
during the isolation of peptides will be discussed. Ala.(Iley 
Pro).Leu.Ser.Asp.Ser.(Ser,Cys).lys ; Ser.(Gly,Glu(NHo),Ileu). 
Val.Arg ; Ser. Ala. Tyr. (Pro,Gly).Glu(NHo).Ileu.Thr.Ser.Asp 
(lle) ; Gly.Asp(NHa).Thr.Lys ; Cys.Ala.Gly.Tyr.Leu.Glu.Gly. 
Gly.lys ; Asp(NHo).(Gly,lys,Pro).Val.Tyr.Thr.Llys ; (i)Leu. 
( 2,Valo,Thr2,Pro,Cys,Ala,Asp,Tyr2) ; Ser.Ala.(Ala,Ser,Leu). 
Pee) Ser. Arg 3 Ser.Ser.Gly.Thr.Ser. (Tyr,Pro,Asp).Val.Leu. 
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Biochemistry 


CARBOHYDRATE-CONTAINING PROTEINS OF BOVINE PLATELET WALLS. 
A. Bezkorovainy,*and D. G. Doherty. Biology Division, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 

Freshly collected bovine blood was decalcified with EDTA, 
and a platelet fraction was isolated by differential 
centrifugation. This preparation showed clot-promoting and 
clot-retracting activities. The platelets were then dialyzed 
against distilled water, and the walls were recovered by 
centrifugation. Carbohydrate analyses, performed on the 
sOluble tryptic digest of platelet walls, showed the following 
in percent of dry weight: hexose 5.2%, hexosamine 1.1%, 
sialic acid 0.5%, methylpentose 0.1%, pentose 1.4%. Tryptic 
digestion of platelet walls resulted in release of dialyzable 
material containing ninhydrin-reacting substances, hexoses, 
hexosamine, methylpentose, and pentose. Dinitrophenylation 
of platelet walls resulted in the production of 0.6-0.7 
pp moles of acid per mg dry material. Extraction of DNP-walls 
with 0.05 M veronal buffer at pH 8.6 resulted in recovery of 
a DNP-protein which accounted for 50% of platelet walls and 
which was homogeneous by the method of moving-boundary 
electrophoresis at four pH values. It was acid-insoluble 
and contained 884 DNP-polypeptide, 2.6% hexose, 0.% 
hexosamine, 0.8% pentose, and 0.4% sialic acid. 





Biochemistry 


THE INTERNAL RIGIDITY OF THYROGLOBULIN. R. F. Steiner* and 
H. Edelhoch. Naval Medical Research Institute and National 
Institutes of Health, Bethesda, Md, 

The rotational relaxation times of native and denatured 
thyroglobulin have been evaluated from polarization measure- 
ments of thyroglobulin coupled to a fluorescent dye. Treat- 
ment with detergent or urea markedly reduced the relaxation 
time of thyroglobulin. The original polarization was almost 
recovered upon dilution of either reagent. The disruption 
of the internal structure produced by detergent was evident 
by the ability of sulfhydril reagents to decrease further 
the relaxation time whereas they are without effect in the 
absence of detergent. Similarly a time-dependent decrease 
in polarization was evident in alkali when 8M urea or 5M 
guanidine was present. In the absence of the latter reagents 
alkali produced only a relatively small change in relaxation 
time. These observations were correlated with hydrodynamic 
measurements previously obtained under similar experimental 
conditions. In this way, a simultaneous measure of the 
translational and rotational kinetic behavior of the protein 
is obtained. Differences in the diffusional constants 
obtained by these two procedures provide a meaningful measure 
of the internal rigidity of the protein. 


Biochemistry 


FRAGMENTATION OF BOVINE FIBRINOGEN BY TRYPSIN. Elemer Mihalyi 
and Jamie E. Godfrey*. National Institutes of Health, 
Bethesda, Md. 

The digestion of fibrinogen by trypsin has been followed 
by a variety of physicochemical methods. The data suggest a 
rapid splitting of the molecule into large fragments, with 
very little NPN formation, and a slow degradation of these 
into small molecular weight components. These changes have 
been correlated with the number of bonds split as measured 
with the pH-stat. The large fragments have been isolated by 
an (NH4)9S04 fractionation and showed reasonable homogeneity 
in sediusutation and Gf fuoien experiments. From the megs- 
ured S20,w = 5-6 x 10-** sec. and Do9,y = 5-2 x 10-" cm. sec~! 
as-well as from the approach to sedimentation equilibrium a 
molecular weight of 102,000 was calculated. Thus trypsin 
appears to cleave the molecule into three fragments of equal 
size. Upon the action of trypsin the clottability of fibrino- 
gen with thrombin disappears at a much faster rate than the 
formation of the large fragments, showing that the inactiva- 
tion of fibrinogen is caused by the splitting of much fewer 
bonds than the cleavage into the large fragments. The isola- 
ted fragments no longer contain the bonds susceptible to 
thrombin action. 













Biochemistry 


THE PHOSPHORYLATED SITE IN HUMAN MUSCLE PHOSPHORYLASE a. 
R. C. Hughes*, A. A, Yunis*, E. H. Fischer and E. G. Krebs. 
Dept. of Biochemistry, University of Washington, Seattle. 
Crystalline human and rabbit muscle phosphorylase b have 
many similar properties including conditions for crystal liza- 
tion, pH optima, sedimentation constants, electrophoretic 
mobilities and pyridoxal phosphate content. (Yunis, et. al., 
J. Biol. Chem., 235, 3163, 1960). Although an "identity" 
reaction has been demonstrated on agar, quantitative precipitin 
tests and production in rabbits of antinuman phosphorylase 
antibody indicate a definite immunological difference. Human 
muscle phosphorylase b is phosphorylated enzymatically by ATP 
and undergoes dimerization simultaneously. The stoichiometry 
of the reaction and the structure of ~~ phosphorylated site 
on the enz have been studied using P. 2 labelled ATP. Two 
moles of pe? per mole of phosphorylase b are Incorporated. The 
labelled enzyme was treated with trypsin and the radioactive 
peptides released were purified by high voltage electrophore- 
sis and paper chromatography. The peptides Isolated were a 
hexapeptide of structure Lys.Glu(NH2).!leu.Ser.Val.Arg and two 
pentapeptides which are structurally related to the hexapeptide 
The peptides are identical to those isolated from a tryptic 
digest of P 2 labelled rabbit muscle phosphorylase a. 





Biochemistry 


LOCATION OF TRYPTOPHYL GROUPS IN GLOBULAR PROTEINS. Michael 
Laskowski, Jr. and Theodore T. Herskovits*. Department of 
Chemistry, Purdue University, Lafayette, Indiana. 

Application of the spectrophotometric solvent perturba- 
tion technique (Herskovits and Laskowski, J. Biol. Chem. 235, 
PC56, (1960)) to proteins whose ultraviolet spectra are 
mainly due to tryptophyl residues allows estimating the 
number of "buried" and "exposed" t: ‘ls. In native 
lysozyme the observed solvent shifts (due to 20% glycerol, 
ethylene glycol, polyethylene glycol ani methanol) are in- 
dependent of pH and almost equal to that obtained in thio- 
glycolic acid reduced lysozyme in concentrated urea. Thus 
in the native molecule almost all tryptophyls are exposed to 
the perturbing solvents. In native a=-chymotrypsin the solvent 
shift is roughly half of that obtained with the denatured, 
reduced protein, showing that several tryptephyls are buried. 
The chymotrypsin solvent shift is also essentially independent 
of pH in the 2.0-6.5 range. These results are in contrast 
with earlier studies on location of the tyrosyl residues in 
RNase, BSA and ovomucoid, where sharp pH dependence is 
observed. 





Biochemistry 
THE CARBOHYDRATE OF THE a,-GLYCOPROTEIN. Edwin A. Popenoe, 
Florence L. Kee* and Ruth M, Drew.* 

Brookhaven National Laboratory, Upton, New York. 

The ay-glycoprotein (orosomucoid) (a-GP) contains 16-18 
residues of sialic acid, Each of these is attached to the 
rest of the carbohydrate through a single glycosidic linkage. 
Degradation of the protein has been carried out to determine 
whether there is a single highly branched polysaccharide unit 
or 16-18 oligosaccharide units with individual points of 
attachment to the peptide chain. A Flavobacterium which grows 
with a-GP as the sole carbon source has been isolated. The 
attack on the glycoprotein appears to be limited to the poly- 
peptide part of the molecule, which is about 90% destroyed, 

No destruction of any carbohydrate component can be detected. 
Fractionation of the resulting glycopeptide mixture has been 
attempted by gel filtration followed by anion exchange chroma- 
tography. A component has been isolated which is chromato- 
graphically homogeneous, contains hexose, glucosamine and 
Sialic acid in the original proportions and is free of amino 
acids. Behavior of this component in gel filtration and 
dialysis indicates that its molecular weight is considerably 
greater than 1041, required for a pentasaccharide (1 sialic 
acid, 2 hexose, 2 glucosamine), Thus the carbohydrate of a-GP 
cannot be composed of 16-18 small oligosaccharides linked in- 
dividually to the polypeptide. (Supported by U. S. AEC.) 
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Biochemistry 
NATURE OF NON-DIALYZABLE PEPTIDES FOUND AFTER DIGESTION oF 
ICHTHYOCOL WITH COLLAGENASE. C. Franzblau", S. Seifter ena 
M. Gallop. Albert Einstein Coll. Med., Yeshiva Univ., Ney 
York, N.Y. 

When ichthyocol or gelatin derived from it was treateg with 
collagenase and then dialyzed at 32°, a non-dialyzeble maten 
ial was obtained which accounted for 15% of total substrate §, 
Redialysis of this fraction against buffers of ionic gs 
0.05 and pH ranging from 3.1 to 9.5 resulted in losses of less 
than 15% to the dialyzing medium. 
lyzed enzymatic digest, the prepared non-dialyzable fraction 
contained less proline and hydroxyproline and more tyrosine 
lysine, and glutamic and aspartic acids; and its carbohydrate 
content was at least 3 times greater. Treatment with 
lamine or hydrazine at pH 9 rendered the material almost 
dialyzable in a subsequent dialysis. Paper electrophoresis at 
PH 4 followed by paper chromatography in a butanol: acetic 
acid; water system showed at least 40 peptides. Colum ely. 
tion chromatography using Dowex 50W resulted in approximately 
20 ninhydrin-positive peaks. Dinitrophenylation followed by 
analysis indicated that all peptides had N-terminal glycine 
which was consistent with the known specificity of collagens 
Indications were obtained that epsilon amino groups of certain 
lysyl residues in the peptides were not dinitrophenylated, sug. 
gesting occurrence of epsilon amino peptides (Mechanic andieiy), 
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Biochemistry 

THE IDENTIFICATION OF THE C-TERMINAL PEPTIDE 
FROM A TRYPSIN DIGEST OF THE 0 CHAIN OF HEMO- 
GLOBIN, M » Div. of Biochem., M.I.T., Camb, 

The Y chain was prepared from purified fetal hemoglobin 
(Hunt, Nature 183:1373, 1959); 80 mg, digested with trypsin, 
was subjected to ionophoresis on 3MM paper (50 cm wide) at 
pH 6.4 (pyridine/acetate buffer) (Katz et al. J, Biol, Chem, 
234:2897, 1959). Two strips 2 cm wide were cut parallel to 
the direction of ionophoresis, One strip was machine sewn 
into a second sheet of 3MM paper and ionophoresed in the se- 
cond dimension at pH 6,4; the peptides were found to lie ona 
diagonal line, The second strip was lightly sprayed with car- 
boxypeptidase B (0.01 mg/ml in 1%(NH,),CO, pH 8.8) and ale 
lowed to digest for 18 hrs, The dried strip was subjected to 
ionophoresis in the second dimension, Most of the tryptic 
peptides released arginine or lysine, and therefore the resi- 
dual peptides were no longer positioned on the diagonal line, 
Three spots were left on the diagonal line; these were the di- 
peptides Val, Lys;(not attacked because it is a dipeptide}f[yr. 
His, and free lysine which is one of the original products % 
tryptic cleavage. The action of carboxypeptidase A on the 
chain caused the release of histidine and tyrosine; hence 
His is C-terminal, This method should be generally appli 
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ble to tryptic digests of peptide chains, (Supported by a 
grant from the National Science Foundation. ) 


Biochemistry 


EFFECT OF IODINATION ON PROTEIN FLUORESCENCE. Michael Caplowt 
Grad, Dept. of Biochem., Brandeis Univ., Waltham, Mass. 

A decrease in protein fluorescence following iodination 
has been studied using chymotrypsin, beef heart lactic 
dehydrogenase and horse liver alcohol dehydrogenase. The 
iodination was carried out in .1 molar phosphate buffer pH 
7.4, with I2 in KI. The extent of tryosine iodination has 
been measured, and the experimental evidence supports the 
thesis that the fluorescence loss is a result of an energy 
transfer from tryptophan to iodinated tyrosine. The energy 
transfer between indole and 2,6 diiodophenol was investiga- 
ted in approximaely 30 micron layers. An energy transfer 
was observed in this system and the intermolecular distance 
at which the probability of energy transfer and energy emis~- 
sion without transfer is equal was calculated to be 17 A®° 
(see G. Weber, B. J., 75, 335, (1960). The effect of iodina- 
tion on enzymatic activity was also investigated and it was 
found that beef heart lactic dehydrogenase was inhibited with 
iodination. This inhibition was not reversible with cysteine 
(5 x 107M). Fluorometric measurements in ability to bind 
acetyl pyridine-*DPNH revealed decreased enzyme-coenzyme 
interaction. 
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Biochemistry 

gp-UNITS OF PROTEINS. A. Ramel,* E. Stellwagen,* and H. K. 
ea . Depts. of Biochem. and of Virology, Univ. of 
B Bimir., Berkeley, Calif. : 
lew The folding of polypeptide chains to form the secondary and 

tertiary structures characteristic of biologically active 
d with mcromolecules frequently involves association of sub-units 
tater. § iich can be separated through the action of urea, guanidine 
“ate I. B .. sodium dodecyl sulfate (SDS) without implicating covalent 
"ength Bonds. Physical chemical studies of these multicomponent 
f Less systems are complicated and results are often ambiguous unless 
ndian possible preferential interactions are evaluated. Both theo- 
tion retical and experimental considerations are presented justify- 
‘ine, ing the use of SDS in ultracentrifugation since the correction 
drate B vactor is small and readily evaluated. When aldolase (M.W. = 
TOXy- 8144 x 109, Sop = 7-3 S) is degraded with SDS two additional 
fully components (829 = 2.2 S and 3.9 S) are formed depending upon 
Sis at Be ratio of SDS to protein. Upder appropriate conditions a 
“ single component (M.W. = 5 x 10, 899 = 2.2 S) is obtained, a 
a 
i by 
ine, 
zenase, 
rtain 










result consistent with earlier end group analyses. Hexokinase, 
a protein exhibiting a reversible association and dissociation 
(without loss of activity) depending on pH and presence of 
glucose, is split by SDS into inactive chains of M.W. = 

2x 10%. Bovine y-globulin (M.W. = 1.5 x 109) is degraded by 
$DS in the presence of 2-mercaptoethanol to chains with molecw 
1, Sug lar weights about 3 x 10°, Other examples will be presented. 


er Biochemistry 
> THIAZOLINES AND PROTEIN STRUCTURE, Ludwig Salce* 
‘ and Irving Goodman, Depts. of Biochemistry and Surgery, 
amb, College of Physicians & Surgeons, Columbia University, NY. 
bin In an effort to explain the appearance of sulfhydryl groups 
in, in protein denaturation, Linderstrém-Lang, in 1941 (J. Biol. 
e) at § Chem. 137:443) put forward the stimulating hypothesis that 
yn sulfur in the native protein may exist partly in the form of 
ik thiazoline rings. This frequently cited hypothesis has re- 

e se. § ceived some support in the reported occurrence of thiazo- 


ona & lines in nature. The present report describes a series of 
ears — studies designed further to define the chemical nature of the 
dale § sulfhydryl group and to establish whether thiazolines exist 
i to in native protein. As model compounds we have prepared 
. and studied various classes including: thioamides, thiolic 


_ and thionic esters, 2-glycothiazanes, 2-glycothiazolidines, 
; de thioglycosides, 2-glycothiazolines, imino thioethers, imino 
‘yr, thioesters and glyconitriles. Conclusions based on ultra- 
of violet absorption characteristics, kinetics of oxidation, 


ed acid-, base-, and salt-catalyzed dissociation, acid-catalyzed 
Tyr. synthesis, and other data on these compounds and on oval- 
ica- bumin, make it appear highly unlikely that thiazolines play a 
significant role in the structure and denaturation of proteins. 





Pharmacology 


Low CHANGES IN SPECTRUM OF 2-(h'-HYDROXYBENZENEAZO)=BENZOIC ACID 
(HBABA) DUE TO ADDITION OF DIFFERENT SERUM ALBUMINS. 
James H, Baxter, Natl, Heart Inst., NIH, Bethesda, Mi. 

udies have been made on changes in absorption spectrum of 
HBABA upon additions of serum albumins of man, > Tat, dog, 
and rabbit, Conditions were: HBABA 3 to 60 x 10-5 M, albumin 
3x10 M, phosphate buffer .05 M, pH 6.2, T 2h° C, Different 
Preparations from the same species have not given entirely 
consistent results, Shifts in absorption produced by the dif- 
ferent albumins, however, appear in at least some cases to be 
specific for the species, particularly when results over a 
Tange of HBABA concentrations are considered, With all albu- 
mins there was an increase in absorption at about 80 m and 
t decrease at about 345 mi, magnitudes varying with species, 

were other species differences, such as a positive de- 
flection at about 390 mu in some cases, most pronounced with 
: the rabbit. Changes below 300 mu are now being studied. Pre- 
e liminary studies suggest that there may be quantitative dif- 
ferences in binding of the dye by the different albumins but 
that these differences cannot explain the above results with- 
out, in addition, qualitative differences in binding. If 
further studies establish the validity of these initial obser- 
vations and interpretations, the individual complexes formed 
by binding of dye to successive groups on the albumins will be 








Immunology 


CHARACTERIZATION OF SUB-UNITS OF THE y-GLOBULINS 
G. M. Edelman * and M. D. Poulik.* Rockefeller Inst., New York 
When human and rabbit 7S y-globulins were reduced by mer- 
captans in strong urea solutions, their molecular weights fell 
to approximately 1/3 of the original values. Similarly, a 
reduced pathological macroglobulin dissociated to components 
with molecular weights in the range of 41,000 to 48,000. The 
reduction products were separable in strong urea solutions, 
partly by chromatography on carboxymethyl cellulose, and more 
completely by starch gel electrophoresis. Characteristic pat- 
terns were obtained in starch gels for reduced human and 
rabbit 7S y-globulins. One of the components produced by re- 
duction of human 7S y-globulin was isolated by chromatography, 
identified by starch gel electrophoresis, and further charact- 
erized by amino acid analysis. The amino acid composition of 
this component differed from that of the starting material and 
from that of the remaining components. One of the isolated 
components was immunologically related to whole y-globulin. 
Several reduced myeloma proteins, subjected to starch gel elec- 
trophoresis, yielded individual patterns that nevertheless had 
features in common with those of reduced normal y-globulins. 
These findings suggest that protein molecules of the y-globu- 
lin family consist of sub-units linked by reducible bonds. 
(Supported in part by PHS research grant A-4256 from the Natl. 
Inst. of Arthritis and Metabolic Diseases, P.H.S.) 
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GUANOSINE TRIPHOSPHATE DEGRADATION DURING 
PROTEIN SYNTHESIS FROM AMINO ACID-sRNA. George 
Webster. Dept. of Ag. Biochemistry, Ohio State Univ., 
Columbus, Ohio. 

The conversion of an amino acid-sRNA mixture into poly- 
peptide chains bound to pea ribosomes requires GTP, a di- 
valent cation, glutathione, and a protein fraction (designated 
"transfer enzyme"), The release of completed polypeptide 
chains from the ribosomes requires an additional protein 
fraction, ATP, and magnesium ions, The "transfer enzyme’ 
has been highly purified from the non-particulate extract of 
peas. It is not a pure protein, however. Polypeptide forma- 
tion in the presence of the purified enzyme exhibits an abso- 
lute requirement for glutathione which cannot be replaced by 
oxidized glutathione, glutamylcysteine, cysteinylglycine, or 
other SH-containing compounds, Conversion of amino acid- 
sRNA to polypeptide is accompanied by a degradation of GTP. 
The stoichiometry of the reaction, and exchange experiments 
with labeled phosphate and nucleotides, give some insight in- 
to possible reaction mechanisms, Amino acid can be trans- 
ferred from ribosome-bound polypeptide to sRNA with a 
concurrent formation of detectable amounts of GTP. 


Biochemistry 


EXTENT OF INCORPORATION OF MASSIVE DOSES OF AMINO ACIDS IN VIVO 
Harry Walter* and Herbert Zipper*. VA Hospital, Brooklyn, N.Y. 

Rats injected I.V, with 0.25, 25, or 250 mg of glycine con- 
taining tracer quantities of glycine-2-C** were exsanguinated. 
Plasma proteins, globin, globin glycine and hemin were isolated 
and counted, At corresponding times after injection, the per- 
cent of injected activity (PIA) in plasma proteins, globin or 
hemin was found to be only slightly affected by the size of the 
administered dose, Typically the PIA in globin of rats iniject- 
ed with 0.25 mg glycine was only about 1.7 times greater than 
the PIA of rats injected with 250 mg; for hemin this difference 
was somewhat less than 3-fold. Calculations of a precursor 
glycine pool size based on our data gives values so large that 
an alternative explanation for the results must be sought. Pos- 
sibly utilization of endogenous amino acids for protein and he- 
min synthesis is partially inhibited when large doses of amino 
acids are injected. The specific activity ratio of globin gly- 
cine/globin indicates that with larger injected doses of gly- 
cine more of the activity is incorporated as non-glycine label- 
ed constituents into protein. The molar activity ratio of he- 
min/globin glycine is always approximately 8. Thus, massive 
doses exert simiiar effects on the extent of glycine incorpora- 
tion into hemin and globin glycine. PJA in globin and plasma 
protein when small or large doses of S~°-methionine were in- 
jected gave results similar to those with glycine. 








Biochemistry 


SEPARATION OF AMINO ACID-SPECIFIC "SOLUBLE" RIBONUCLEIC ACIDS 
BY PARTITION CHROMATOGRAPHY. as A. we Susan H. 
Merrill,# and Robert W. Holley. « 3S. Plant, il-and Nutri- 
Elon Laboratory, Agricultural Research Service, and Depart- 
ment of Biochemistry, Cornell University, Ithaca, N. Y. 

The separation of amino acid-specific "soluble" -fraction 
ribonucleic acids by countercurrent distribution has been 
described (Ann. N. Y. Acad. Sci. 88, 75 (1960)). Preliminary 
results on the separation of these ribonucleic acids by parti- 
tion chromatography on silicic acid using the same two-phase 
solvent system have been described (J. Am. Chem. Soc. 82, 5757 
(1960)). The order of appearance of different amino acid- 
specific ribonucleic acids in the column effluent is: tyrosine, 
tryptophan, histidine, valine, alanine. Each of these five 
ribonucieic acids is almost completely separated from the 
other four. The chromatographic procedure has been varied 
using different sizes of columns, different materials to 
support the aqueous phase, and different sotvent systems. 
Recovery of 80% of the ribonucleic acid from the column has 
been obtained. The purification of the tyrosine and alanine 
ribonucleic acids is approximately ten-fold. Although many 
problems remain, the results indicate that partition chroma- 
tography is a promising new technique for the separation of 
ribonucleic acids. (Supported in part by a grant from the 
National Science Foundation.) 


Biochemistry 


PUROMYCIN INHIBITION OF PROTEIN SYNTHESIS BY EHRLICH 
ASCITES TUMOR CELLS. M. Rabinovitz and J. M. Fisher*. 
National Cancer Institute, National Institutes of Health, Bethesda, 
Maryland. 

The antibiotic puromycin is a potent inhibitor of incorporation of 
labeled amino acids into protein of Ehrlich ascites tumor cells in 
vitro. At low concentrations and room temperature (22°C), it in- 
hibits the incorporation of valine into ribosomal protein without 
interfering with the labeling of soluble protein. Under these condi- 
tions, it eliminates the lag phase in the labeling of soluble protein 
at this temperature. This results in an initial two-fold increase of 
incorporation into soluble protein, while the labeling of the ribo- 
somal protein is lowered to one-third of the control. If the cells 
are first incubated with radioactive valine until the labeling of ribo- 
somal protein has reached a steady state, addition of puromycin 
results in a precipitous drop in the specific activity of this fraction 
and a slight rise in that of the soluble protein. The data suggest 
that under appropriate conditions, puromycin reduces the time 
during which precursor protein is associated with the ribosomal 
site. 


Biochemistry 


COENZYME A PEPTIDES: A ROLE OF CoA IN PROTEIN METABOLISM. 
N. We. Penn", Albert Einstein College of Med., New York, N.Y. 


It has been found that Cll biosynthetically labeled 
albumin can be metabolized by a rat liver mitochondrial 
fraction in the presence of CoA as the sole added nucleotide. 
Examination of the acid-soluble products by paper chromatog- 
raphy reveals a labeled component(s) consistently associated 
with a nucleotide-like spectrum. The nitroprusside test for 
“SH groups, with or without reduction, is negative for this 
material. A strong positive test obtains on mild alkaline 
hydrolysis, suggesting the presence of bound «SH. The 
material gives a positive reaction to the starch=iodide test 
for peptide bonds. Favorable chromatographic systems show 
this material as a yellow band well separated from CoA 
chromatogrammed in parallel or co-chromatogrammed. The 
yellowecolor obscures ninhydrin tests, which are negative to 
faintly positive. On overnight 6N Hl hydrolysis a number 
of ninhydrin-positive components are released, as shown by 
paper chromatography. The material thus appears to be Co- 
enzyme A peptides, a new class of compounds, 

Breakdown of the added albumin is not directly revers- 
ible. However, preliminary experiments show that under 
appropriate conditions the isolated mitochondrial fraction 


mediates a significant transfer ~ f 
aa (3 = 5%) of labeled peptides 
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Biochemistry 

IN VIVO STUDIES ON THE SYNTHESIS OF RABBIT SERUM ALBUMIN, 
Melvin Fried* and Kenneth E. Neet*. Univ. of Fla. College 
of Medicine, Gainesville, Fla. 4 

The mechanism of albumin biosynthesis in the rabbit was 
investigated in vivo by observing the labelling pattern of 
lysine in serum albumin isolated from samples of blood taken 
from a rabbit that had been injected with 1-C14 lysine. 
tides were isolated by ion-exchange chromatography of a com 
plete tryptic hydrolysate of the protein. Lysine was isolats 
from acid hydrolysates of these peptides by ion-exchange 
chreuatogranhy and the extent of labelling was determined by 
liberating cl O5 from the lysine with lysine decarboxylase q@ 
ninhydrin and determining the radioactivity of the resultant 
gas in an ionization chamber and vibrating reed electrometer, 
Quantitative lysine determinations were made on an automatic 
amino acid analyzer. The data indicate that lysine from 
different peptides showed wide variations in specific activ 
ity, indicating that non-uniform labelling of the lysine 
residues in the protein has occurred. These data are incom 
patible with the simultaneous condensation theory of protein 
biosynthesis. (Supported by NIH Grant A 2457.) 


Biochemistry 


EXAMINATION OF RIBOSOMES FOR INTERMEDIATES IN PROTEIN 
SYNTHESIS. H. K. Kihara,* R. J. Towns and H. 0. Halvorson, 
Dept. of Bacteriology, University 0 isconsin, Madison, 

The demonstration that ribosomes are the primary site of 
protein synthesis and contain nascent proteins has led us to 
search for intermediates in this material. Treatment of 
80S yeast ribosomes with RNase in the presence of diisopropyl 
fluorophosphate has led to the isolation of two protein 
fractions. The first (96%) has a low S content, is highly 
insoluble and probably represents ribosomal structrural 
protein, The second (4%) is soluble and has a higher S 
content similar to that of the supernatant proteins. 
Fractionation on DEAE colums revealed the same classes of 
proteins from the ribosomal soluble and supernatant fraction, 
The supernatant of the RNase treated ribosomes contained 
TCA soluble and dialyzable S components. Examination by 
Sephadex columns, electrophoresis and chromatography further 
identified these to be a mixture of amino acids, peptides 
and an alkali labile material which absorbs strongly in the 
UV region. These findings, as well as pulse labeling 
experiments, implicate this material as intermediates in 
protein synthesis. 


Biochemistry 


THE SYNTHESIS OF p-CHLOROPHENYL-S-GLUTATHIONE ANDI 
FATE IN THE ANIMAL BODY. Isaac H. Miller, Jr. ,* and Harold 
D. West, Department of Biochemistry, Meharry Medical College, 
Nashville, Tenn. 

The reaction of diazotized p-chloroaniline with the cuprous mer- 
captide of L-cysteine suggested that the cuprous mercaptide of re- 
duced glutathione might react similarly. The projected reaction was 
found to take place smoothly at O°C to 5°C. The crude product could 
be obtained from the reaction medium after removal of the solvent 
in vacuo. The product, purified from water, melts sharply with & 
composition at 209° - 210°C. Benzyl-S-glutathione has been shown 
to lead to the excretion of benzylmercapturic acid when administered 
to rats. While p-chlorophenyl-S-glutathione differs from benzyl-8- 
glutathione, it seemed reasonable to anticipate that it too would elicit 
the excretion of the corresponding mercapturic acid. When p-chlort 
phenyl-S-glutathione was fed to rats in a synthetic diet a chloroform 
extract of the urines yielded p-chlorophenylmercapturic acid. It 
melted at 153°C and when mixed with an authentic sample (M. P. 
154°C) the melting point was 154°C. The possibility of the mediatio. 
of reduced glutathione in the biosynthesis of mercapturic acids is 
suggested. (Supported by R. G. G1524 from the National Cancer 
Institute). 
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a Bt y vitro SYNTHESIS OF PROTEIN AND NUCLEIC ACIDS BY ASCITES 

AO R CELLS. E.R.M. Kay, Univ. of Rochester Med. School, 
Oe ir, N.Y. 

Was Ascites tumor cells were shown by Warburg to exhibit a, 

n Of ff nigh metabolic rate when incubated in ascitic fluid, More 
taken & recently, Littlefield and Keller (J.B.C, 224; 13, 1957) have 
+ Pep savocated addition of glucose and buffer Salts to an in vitro 
2 Come tem, It has been found in Quastel's laboratory (Cancer 
isolate pesearch 19: 602, 1959) that animal sera stimulated incorpora- 
ge tion of glycine into cell proteins under in vitro conditions. 
ned by MH tp devising a suitable medium for in vitro experiments it has 
ue @ W been found that when cells are incubated with ascitic fluid, 

ul tant 





0.25M sucrose-PO, buffer pH 7.4, and containing 0.02M glucose 
they incorporate rapidly Cl4-formate, cl4_giutamine, C14. 
alanine, and Cl4-serine into cytoplasmic and nuclear proteins. 






































































om Examination of the nuclear proteins has shown a marked hetero- 

active geneity with activity decreasing in the order "residual" 

re protein, globulins, histones, Additions to this medium, and 

incom: § variations of it, have shown that satisfactory incorporation 

otein @ in vitro depends on the presence of glucose, glutamine and 
guino acids. Additions of vitamin B,5 have been found to 
stimulate protein synthesis, and specifically increase the 
incorporation of Cl4-formate into thymine of the DNA of these 
cells, 

omistry Biochemistry 
FAILURE OF HEMOGLOBIN TO INCORPORATE L-VALYL-L-LEUCINE, J. 

Tso, Paul Burnett* and F, Haurowitz. Dept. of Chem., Indiana Univ. 

ie Bloomington, Ind. 

e of Chicken erythrocytes were incubated with H3-labeled L-valy} 

us to l-leucine. In control experiments, the dipeptide was replaced 

of by a mixture of H3-valine and H3-leucine. Hemoglobin was iso- 

propyl @ lated and the specific activity (Sp.A.) of valine and leucine 

: in the N-terminal valyl-leucyl residue and in the bulk of the 

hly globin molecule determined. The ratio Sp.A.(leucine/valine) 
in the N-terminal valyl-leucyl residue was the same as in the 
bulk of the globin molecule, but different from that of the H3- 
dipeptide. Evidently, most of the dipeptide was hydrolyzed. 

of Presence of a dipeptidase inhibitor lowered the Sp.A., but not 

ction the ratio Sp.A.(leucine/valine), Conclusion: Only H3-valine 

3 and H3-leucine, formed by intracellular hydrolysis of H3-valyl 

y -leucine, are incorporated; the unhydrolyzed dipeptide is not 

rther utilized. (Supported by NSF grant 5468, PHS grant 1852, and 

re by contracts of Indiana University with the ONR and the AEC). 

i] 

istry Biochemistry 

(DMS ® RNA METABOLISM AND BETA-GALACTOSIDASE INDUCTION IN NON-GROWING 

rold @ £. COLI. J. D. Loerch+ and J. L. Fairley. Kedzie Chemical 

ze, laboratory, Michigan State Univ., East Lansing, Mich. 

Previous studies of the relationship of RNA metabolism to 
er- the process of protein synthesis as exemplified by induced en- 
re- zyme formation have suffered from uncertainties introduced by 
ge the growth of the organisms involved. The possibility that the 
could observed results are of a secondary nature cannot be ignored. 

Therefore, the problem has been examined in this laboratory 
ent using E. coli strain ML30 which synthesizes beta-galactosidase 
h de- under conditions of gratuitious induction and in the absence 
own of detectable overall protein synthesis. The effect of the in- 
tered ductive formation of the enzyme has been determined by measur- 
|-S- ing the incorporation of p22 from inorganic phosphate into ri- 
elicit bosomal RNA and lipid fractions. Greater incorporation of the 
hloro- isotope resulted into both of these fractions of induced cul- 
ail tures compared with non-induced cultures. The isotope content 
; of the various nucleotides of base-degraded ribosomal RNA was 
t also measured. These results suggest the formation of increased 
158% § numbers of ribosomal particles in induced over non-induced 
ation @ cells, although the particles appear to have similar RNA com- 
s Position in both cases. (Supported in part by a P.H.S. predoc- 





toral fellowship). 












Biochemistry 


FORMATION OF EGG WHITE PROTEINS. Stanley Mandeles* and E. D. 
Ducay.* Western Regional Research Laboratory, U.S. Dept. Agr., 
Albany, California. 

While direct observations of the formation of ovalbumin in 
oviduct minces have been made by Anfinsen (J. Biol. Chem. 189 
739 (1951)), Steinberg (J. Biol. Chem. 199 25 (1952)) and 
Hendler (J. Biol. Chem. 223 831 (1956)), the question of 
whether the other egg white proteins are formed in the oviduct 
or are transported to it via the blood stream has not been 
definitely established. During studies on the formation of 
radioactive egg white proteins for use in evaluating processing 
procedures, we observed that glycine-2-C** in oviduct minces 
is incorporated into all of the egg white proteins examined, 
although not at the same rate. Oviducts were excised from 
White Leghorn hens at various times during the laying cycle 
and minced in amino acid incubation mixtures containing radio- 
active glycine. At the end of incubation, the oviduct mince 
was homogenized, and after removal of unincorporated radio- 
activity, the soluble proteins were separated by cellulose ion 
exchange chromatography. Proteins selected for radioactive 
analysis included ovalbumin-1, ovalbumin-2, conalbumin, ovo- 
mucoid, lysozyme, a flavoprotein, and a component tentatively 
designated as a nucleoprotein. Apparently radioactive glycine 
is incorporated into the ovalbumins and conalbumin at the same 
rate and this rate is not necessarily the same for the other 
proteins studied. 


Biochemistry 


AN AMINO ACID INCORPORATING SYSTEM PURIFIED WITH SEPHADEX. 
J. Wendell Davis* and Edsel T. Bucovaz.* Dept. of Bio- 
chemistry, St. Louis Univ. Sch. of Med., St. Louis, Mo. 

The protein of the soluble fraction of liver may be 
separated from materials of lower molecular weight by passage 
through Sephadex G-25. Small amounts of amino acid and 
pentose-containing material are associated with the protein. 
Investigation of the protein-rich fractions revealed the 
presence of the enzymes for the carboxyl-activation of the 
amino acids. Small amounts of 14C-labeled amino acids could 
be incorporated into these fractions in the presence of ATP. 
The behavior of s-RNA (isolated from rat liver by the phenol 
method) on a column of Sephadex G-25 suggested that the 
fractions investigated were those in which both s-RNA and 
tue activating enzymes occur. The use of Sephadex allows a 
rapid, clean separation of added 14c-amino acids from 
materials of higher molecular weight into which the amino 
acid has been incorporated. The lack of contamination of the 
high molecular weight components by free amino acids and 
nucleotides permits a rapid evaluation of the amount of in- 
corporation without lengthy purification. 


Biochemistry 


ENZYMATIC TRANSFER OF C'*-LEUCINE FROM C'*-LEUCYL-RNA TO 
RIBOSOMES. J. Bishop* and R. Schweet. Dept. Biochem., Univ. 
of Kentucky Med. School, Lexington, Ky. 

Previous studies (Fed. Proc., 19, 346 (1960)) have shown 
that in the presence of glutathione (GSH), Mg ion and.GTP, the 
transfer of C'*-leucine from C'*-leucyl-RNA to reticulocyte 
ribosomes was stimulated by a partially purified enzyme frac- 
tion. Desoxycholate hed rib » which are fully active, 
but do not incorporate in the absence of added enzyme, have 
provided an improved assay system. The enzyme fraction was 
purified by ammonium sulfate fractionation and chromatography 
on DEAE-cellulose. Purified enzyme fractions failed to cata- 
lyze transfer to ribosomes unless a sulfhydryl compound was 
present in the incubation mixture. GSH and mercaptoethyla- 
mine were equally effective. When GSH was added to inactive 
enzyme the rate of transfer increased with time, showing en- 
zyme activation. However, the final rate was proportional to 
the amount of GSH present. After pretreatment of the enzyme 
with GSH in the cold, the reaction rate was linear and pro- 
portional to GSH concentration. Inactivation was studied by 
pretreatment with high levels of GSH and dilution to low GSH 
levels in the assay. Activated enzyme could be freed of GSH 
by passage through Sephadex columns. Activation and deacti- 
vation cycles were very rapid and could be repeated without 
decrease in total enzyme activity. 
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Biochemistry 


CHROMATOGRAPHY OF MICROSOMAL AND SOLUBLE 
RIBONUCLEOPROTEIN OF RAT LIVER. E.A. Peterson and 


E.L. Kuff* National Cancer Institute, Bethesda, Md. 
Microsomes ate adsorbed on a specially prepared cellu- 
losic anion exchanger and disrupted by passing 0.1% Triton 
X-100 through the column, washing out the lipoprotein and 
leaving the RNA-containing material adsorbed. A gradient 
of NaCl elutes most of the latter as intact ribosomes having 


sedimentation constants of about 80S. A large initial peak 
emerges at a low salt concentration, followed by two smailer 
ones in the steeply rising salt gradient, and a small final 
fraction is eluted with 0.1 MNa3P0O4. Soluble RNP is obtain- 
ed by passing a clear, particle-free supernatant (105,000 x g, 
90 min.) from a 0.25 M sucrose homogenate through a 
Sephadex column and into the cellulosic anion exchanger. 
RNP is adsorbed on the latter, with very little else. A 
gradient of NaCl elutes the RNP at a low salt concentration. 
Phenol extraction of the RNP yielded a protein precipitate 
and RNA which behaved chromatographically the same as the 
RNP. 


Biochemistry 


METABOLIC ASPECTS OF AMINO ACID-LIPID COMPLEXES IN HEN 
OVIDUCT. R. W. Hendler and E. Love. Natl. Insts. of Health, 
Bethesda, Md. 

The existence of specific sites for individual amino acids 
in the formation of lipid complexes is indicated by the follow- 
ing experiments. The labeling of chromatographically identifi- 
able complexes with c14-L valine was diminished upgn dilution 
with Cl2-L valine, but not with Cl2-D valine or C’“-L serine. 
This result was obtained with two different initial concentra- 
tions for the internal L valine pool. Hydroxamic acid deriva- 
tives of amino acids can be distinguished from those of long 
chain fatty acids on the basis of the color given with Fe***, 
partition behavior between dilute acid and ether, and in a 
new method of chromatography on a carboxylic acid resin in the 
Fe+++ form. By all these criteria amino acid hydroxymate 
derivatives were obtained from amino acid-lipid complexes under 
conditions where ordinary esters react. A covalent bond in- 
volving the carboxyl group of the amino acid is therefore in- 
dicated. Conditions which interfere with protein synthesis 
also interfere with the formation of the least polar amino 
acid-lipid complex in hen oviduct (Hendler, Biochim. Biophys. 
Acta, in press). Peptide material has been demonstrated in 
this fraction by the biuret reaction and the liberation of a 
variety of amino acids by hydrolysis in 6 N HCl, 121° for 
18 hours. 


Biochemistry 
SEPARATION OF YEAST AMINO ACID-ACCEPTOR RIBONUCLEIC ACIDS BY 
COUNTERCURRENT DISTRIBUTION. B. P. Doctor* and Jean Apgar*. 
U.S.Plant,Soil and Nutrition Laboratory,and the Department of 
Biochemistry, Cornell University, Ithaca, New York. 

The separation of amino acid-specific "soluble" fraction 
ribonucleic acids by countercurrent distribution (CCD) pro- 
cedures has been described. (Ann.N.Y.Acad.Sci.88,745 (1960)). 
In these experiments the threonine-,valine-,leucine- and 
tyrosine-acceptor RNAs gave peaks with successively higher 


partition coefficients (Ks). The solvent system was further 
modified so as to give a lower gross K for the starting 


mixture. 100 and 650 transfer distributions were done with 
the amino acid-acceptor RNAs isolated from yeast. The 
separation of RWAs was further improved. The alanine-,valine-, 
proline-,threonine-,histidine-,leucine-,tryptophan-, serine-, 
isoleucine-,lysine- and tyrosine-acceptor RNAs gave peaks with 
successively higher Ks. Broad peaks were obtained for the 
threonine- and leucine-acceptor RNAs. On redistribution of 
the two sides of the threonine-RWA peak the material was 
resolved into two peaks indicating the heterogenity of this 
RWA. The nucleotide compositions of the various CCD fractions 
indicates considerable differences in their base compositions. 
The cytidylic plus guanylic acid content of these fractions 
appears to decrease with the increase of the K. (Supported 

in part by the National Science Foundation.) 
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Biochemistry 

PROPERTIES OF D-ALANYL-D-ALANINE SYNTHETASE. F. C. Neuhaugt 
Department of Chemistry, University of Illinois, Urbana, : 

D-alanyl-D-alanine synthetase, purified from Streptococcus 
faecalis (R), was shown (Neuhaus, Biochem. Biophys. Res. Commun, 
3:401, 1960) to catalyze a reaction with the stoichiometry, 

2 D-alanine + ATP Mgt+ K+. D-alanyl-D-alanine + ADP + iy ‘ 
The reaction can be followed by Pj liberation, ADP formation, 
and conversion of D-alanine-1-C!* to labeled D-alanyl-D-ala- 
nine. The rates of Pj liberation with D-Q-NH,-n-butyric acid 
and D-serine are respectively 26% and 4% of the rate for D-alp 
nine. With D-Q-NH,-n-butyric acid the corresponding dipeptig 
has been identifie@ as the product; with D-alanine and 
n-butyric acid the mixed dipeptide, D-alanyl-D-Q-NH,-n-butyri¢ 
acid (sequence determined with FDNB), has been isolated in ag 
dition to D-alanyl-D-alanine. In agreement with the enzyme " 
specificity studies, it was observed (Snell et. al. J. Biol, 
Chem. 217:803, 1955) with B,-deficient S. faecalis that the 
D-alanine requirement for growth could be replaced in part by 
D-a-NH,-n-butyric acid. D-alanyl-D-alaninc, an intermediate; 
cell wall biosynthesis (Ito and Strominger, J. Biol. Chem. 2%, 
PC5, 1960), is formed in the absence of the D-alanine activa- 
ting enzyme, D-alanyl-D-alanine synthetase requires, in addi- 
tion to Mg or Mn , either NH, or K for maximum activity, 
On the addition of K* (0.01M), the K, (pH 7.8) for D-alanine 
decreases from 0.068M to 0.026M and Vmax increases to 1.4 the 
rate observed in the absence of K . 








Biochemistry 
THE INCORPORATION OF AMINO ACIDS BY CELL-FREE PREPARA- 
TIONS FROM MAIZE SEEDLINGS. any J. Mans.* Biology Division, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

A microsomal system isolated from maize seedlings that incorporates 
radioactive leucine into particle protein has been described previously 
(R. J. Mans and R. Rabson, Fed. Proc. 19, 345 (1960)). Recently a 
requirement for rat liver pH 5 fraction has been replaced with a 
100,000 X g supernatant from maize seedlings. The maize supernatant 
is three times as effective as the rat liver pH 5 fraction in stimulating 
maximum leucine incorporation. Furthermore, essentially all the 
activity remains soluble at pH 5.2. The radioactive leucine is associ- 
ated with the particle protein with no significant release as soluble 
protein in the all maize system as was found with the rat liver stimulated 
system. An initial rapid saturation of the particles is followed by a 
period of little or no further incorporation. The maize supernatant is 
extremely labile and is known to possess RNase activity. By use of the 
filter paper disk assay (R. J. Mans and G. D. Novelli, Biochem. 
Biophys. Res. Comm. 3, 540 (1960)) the kinetics of incorporation as 
correlated with RNase activity of the supernatant are being investigate 
Further results on kinetic assays of various reactions involved in incor= 
poration will be discussed. ; 


4 


Biochemistry 
MEASUREMENT OF PYRIDINE NUCLEOTIDES BY ENZYMATIC CYCLING. 
Janet V. Passonneau* and Oliver H. Lowry. Dept. of Pharm. 
Wash. U. Sch. of Med., St. Louis. 

DPN*, DPNH, TPN’ and TPNH can be measured without loss of 
precision at concentrations of 1079 M or 10°15 moles total. 
The coenzyme is made to catalyze a cycle of two enzyme sys- 
tems. After sufficient number of cycles one of the products 
is measured. TPN is measured with glucose-6-P dehydrogenase ~ 
(DH) and glutamic DH. In 30 min. each molecule of TPN yiglds 
5,000 molecules of 6-P-gluconate. This is measured with 6-P 
gluconic DH and extra TPN. DPN is measured with lactic DH 
and glutamic DE. Pyruvate, in 2500 fold yield, is measured 
with added DPNH and lactic DH. The final product in each ~ 
case is again a pyridine nucleotide (PN) which cma be recy- — 
cled if necessary to give a multiplication of 10; to 10°. ‘a 
This in principle would allow measurement of 10°*” moles of — 


PN and therefore the assay of the activity of one molecule of 


any enzyme if the product can be led to a PN enzyme system. 

The methods have proven well suited for measuring very low ~ 
concentrations of substrates or pyridine nucleotides them 
selves, since the multiplication eliminates tissue blanks and 
need for preparation of extracts. (Supp. by Amer. Canc. Soc: 
grant #P-38). ‘ 
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Biochemistry 


A CELL-FREE AMINO ACID INCORPORATING SYSTEM FROM MOUSE 
LIVER. Charlotte R. Lea* and G. David Novelli. Biology Division, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

The system is isolated as described by Keller and Zamecnik (J. Biol. 
Chem. 221, 45 (1956)). The 105,000 X g supernatant after removal of 
the pH F fraction is as active as whole supernatant and 2 times as active 
athe pH 5 fraction. The system is unstable on storage but is stabilized 
by treating microsomes with deoxycholate (DOC particles) and freezing 
the supernatant in liquid nitrogen or storing at -20° with glutathione 
(GSH). The DOC particles and the supernatant are stable to separate 
preincubation for 30 min. at 37° with complete reaction mixture and 
GSH. Incorporation is complete in 10 min. with washed particles. 
However with DOC particles plus GSH, incorporation continues at a 
high rate for 20 to 30 min. and may continue for 3 hrs. at a reduced 
rate. Essentially all of the radioactivity is particle bound with no 
evidence of net protein synthesis. Factors controlling the decrease or 
cessation of incorporation will be discussed. 


Biochemistry 
INTRACELLULAR EVENTS IN SERUM ALBUMIN FORMATION BY RAT LIVER 


IN VIVO. Theodore Peters, Jr. Mary Imogene Bassett Hospital, 
Cooperstown, New York 
An intravenous dose of u-cl4t-leucine is not detectable in 


circulating serum albumin for 15-18 mimapes, although liver 
protein is labeled within 5 minutes. C+‘ appears in circulat- 
ing serum albumin between 20 and 45 minutes, when secretion 
essentially ceases. Related intracellular events were follow- 
ed in ret liver cell fractions. Albumin was extracted from 
melei (N), mitochondria (M), and lysosomes (L) by repeated 
freezing, and from microsomes (P) by treatment with weak acid. 
Serum albumin was isolated by the precipitin reaction, after 
treatment with the chicken serum albumin precipitin system to 
remove coprecipiteting proteins. Serum albumin in cell fract- 
ions, in mg/gm vst liver, was: N-0.01, M-O.11, 1-0.01, P-0.16, 
Sup.(S)=0.77. ci* was highest in serum albumin in microsomes, 
rising rapidly for 10 minutes, and falling after 45 minutes 
almost to zeroe M and S showed lower and broader peaks of 
Clhalbumin then P, while albumin from L and N contained insig- 
nificant labeling. Preliminary isolations of "“smooth-surface" 
microsomes indicate a high albumin concentration, and high le- 
beling at an early time. Relative absence of clear bumin in 
the supernatant from isolated whole liver cells suggests that 
nost of the soluble albumin is extracellular, and that se- 
cretion occurs directly from the microsome. 


Biochemistry 


BIOSYNTHESIS OF PROTEINS. Herbert Jehle.* Physics Dept. 
George Wash. Univ., Was » Dele 

Molecules, suspended in a liquid surrounding, arrange them- 
selves under appropriate conditions so that like molecules 
come to associate as nearest neighbors. This tendency of asso- 
ciation of identical pairs (due to London-van der Waals charge 
fluctuation forces) comes into effect only if like molecules 
have already been brought near to each other through Brownian 
mtion which shuffles molecules of all kinds quickly around in 
& cell. In order to account for orderly sequence selection of 
amino acids of a newly synthesised protein chain, one may as- 
sume @ template composed of a "parental" protein chain whose 
amino acid side chains are aligned like the V shaped cylinder 
pattern in an automobile engine. The protein backbone is as- 
sumed to be attached to a ribose nucleic acid by hydrogen 
bonding; molecular models show considerable specificity for 
this attachment. Through the London forces, as outlined above, 
the parental amino acid side chains collect daughter amino 
acids (a sequence identical with the parental amino acid se- 
quence), Thereafter peptide bonds are formed along the daugh- 
ter chain, and the daughter chain seperates from the parental 
chain, both processes probably triggered by a change in the 
fonic composition of the cellular medium, and occurring in a 
Sip like fashion. (Supported by a grent from the Res. Corp. 
and N.C.I. (NIH grant C 1,989 C) 





Biochemistry 


THE CONTRIBUTION OF METHIONINE DERIVED FROM SLOWLY TURNING 
OVER TISSUES TO LIVER PROTEIN SYNTHESIS IN LYSINE DEFICIENT 
RATS. As Wainer* and As Le Koch, Univ. of Fla. College of 
Medicine, Gainesville, Florida. 

The influence of lysine deficiency on the relative contri- 
bution of the diet and of the slowly turning over tissues as 
sources of methionine used for liver protein synthesis was 
determined as follows: Rats were fed a synthetic, lysine 
deficient, diet containing S35 methionine of a known constant 
specific activity for periods ranging from 1 to 12 days. For 
about the first week the ipgorporation of S2° methionine can 
be fitted tos: L= D(1 -e"**), where L is the specific activ- 
ity of liver protein (at time t) in per cent relative to the 
diet, k is the apparent turnover rate constant and D is the 
per cent that the diet contributes; 100-D would therefore be 
the per cent that the slowly turning over tissues contribute. 
Last year we reported that with an adequate diet 100-D was 
27% and k was 0.153/day. It is now found that with the same 
diet except for the omission of lysine 100-D increased to 
50% and k increased to 0.22/day. These results suggest that 
lysine deficiency causes a relative increased supply of 
methionine to the liver from the turnover of certain extra 
hepatic tissues. 


Biochemistry 
INVESTIGATIONS ON THE ROLE OF SOLUBLE RNA IN PROTEIN SYNTHE- 


SIS. David Stone and Sharad Joshi.* Worcester Foundation for 


Experimental Biology, Shrewsbury, Mass. 

Using rat liver microsomal systems it has been shown that 
addition of the pH 5 preparation to unwashed microsomes 
failed to stimulate the incorporation of Cll leucine into 
microsomal proteins above the level of microsomes alone. 
However, with the pH 5 preparation inside a dialysis bag 
during incubation, considerably more incorporation resulted. 


This stimiation was independent of the presence or absence of 


RNAase inside the bag. A stimilation of amino acid incorpo- 
ration by the pH 5 preperation could, however, be shown when 
washed microsomes were employed. In such preparations when 
the pH 5 system was inside the dialysis bag negligible acti- 
vity resulted, unless the supernate from the pH 5 preparation 
(s S a also added to the incubate. Indeed, significant 
stimulation was observed in the absence of the pH 5 prepara- 
tion, providing small amounts of S,, containing little RNA, 


were present. The data also show that the stimlation by $3 
ts 


is the result of both dialysable and ‘non-dialysable compone 
In conjunction with other data, to be discussed, the results 
have been taken to suggest that the soluble RNA associated 
with the pH 5 fraction way not be an obligatory factor in 
protein synthesis. 


Biochemistry 
SOME CHARACTERISTICS OF A CELL-FREE DNAase SENSITIVE SYSTEM 


INCORPORATING AMINO ACIDS INTO PROTEIN. J. Heinrich Matthaei* 


and Marshall W. Nirenberg”. National Institutes of Health, 
Bethesda, Md. 

Extracts of E. coli W3100 prepared by grinding cells with 
alumina actively incorporate Cl4-valine into protein. The 
extracts were centrifuged at 20,000 x g for 20 minutes. 


Remaining intact cells and debris were removed from the super- 
natant suspension by centrifuging at 30,000 x g for 60 minutes, 


Ribosomes were obtained by centrifuging the supernatant sus- 


pension for 2 hours at 105,000 x g. For maximum incorporation 
of Cl4-valine into protein reaction mixtures require ATP, Mgt} 
an ATP generating system, a complete amino acid mixture, ribo- 


somes and a 105,000 x g supernatant solution. Incorporation 
of cl4-valine into protein proceeds at a rapid rate for 15 


minutes at 37°. Incorporation is markedly inhibited by 50 yg. 


chloramphenicol per ml. 10 ug. per ml. DNAase inhibited 
approximately 70% of the incorporation whereas an equivalent 
amount of RNAase was completely inhibitczy. Inhibition by 


DNAase cannot be reversed by addition of polyanions. Addition 


of a DNAase digest of salmon sperm DNA had no effect upon 
incorporation of cl4-valine into protein. Although DNAase 
markedly inhibits amino acid incorporation into protein, it 


is not known whether intact DNA is necessary for this process. 





























































Pharmacology 


INTERRELATIONSHIPS OF PROTEIN SYNTHESIS AND CARBOHYDRATE 
FORMATION IN INSULIN DEFICIENCY. S.R. Wagle*, Milton Stern*, 
Depts. of Biochemistry and Pharmacology, Indiana University 
Medical School, Indianapolis, Indiana. 

Insulin deficiency was produced in the rat by alloxan or 
the administration of guinea pig antiserum, The insulin 
deficient animals in vivo exhibit a decreased incorporation 
of radiocarbon from Cl4labelled alanine and glutamic acid 
into the nuclei and mitochondrial fractions of the liver. 
No change was observed in rates of incorporation into 
microsome and supernatant fractions. On the other hand, 
in vitro studies with the pH S$ enzyme-microsomal system of 
normal and alloxan diabetic rats indicates that C amino 
acids are incorporated into proteins at a comparable rate 
in both cases, Extension of the in vivo studies show a 
3 fold increase in the conversion of these amino acids 
to labelled glucose in insulin deficient rats as compared 
to normals. Additional studies with liver slices of 
normal and diabetic rats indicate that carbon atoms from 
these labelled amino acids may be deverted into alternate 
pathways of metabolism leading to increased glucose 
formation rather than any effect on protein synthesis per 
se. Supported by grants from USPHS and the Upjohn 


Company. 





Pharmacology 


TIMING IN TRAUMA EFFECTS ON S35 L-CYSTEINE INCORPORATION INTO 
LIVER GSH. Lyle V. Beck and Sarah C. Kalser.* Department of 
Physiology & rmacology, University of Pittsburgh School of 
Medicine, Pittsburgh 13, Pa. 

Pooled livers were secured from both control and trauma 
groups of mice, at 5, 10, 15, 30 and 45 minutes after tail 
vein injections of S35 L-cysteine. $35 in: (a) glutathione 
(GSH) and (b) total non-protein was estimated for livers of 
each group. S35 concentration ratios were calculated . 

(Cc = S35 per mg. liver furnishing GSH or non-protein). 

$35 injected per mg. of mouse 
For controls these ratios increased asymptotically, reaching 
0.°5 for GSH and 1.85 for total non-protein by 45 minutes. 
For trauma mice, maximum ratios of 0.15 for GSH and 0.79 for 
total non-protein were obtained at 10 minutes. At all times 
both ratios were much higher for control than for trauma mice. 
The bearing of these and other findings on the hypothesis that 
trauma induced decrease in tissue GSH concentration is due 








mainly to trauma inhibition of GSH synthesis vill be considered. 


This research was supported by NIH Grant A-2577. 
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Physiology 
RESERPINE EFFECTS IN DEPRESSED PATIENTS TREATED WITH AN MAO 


INHIBITOR. Oscar Resnick” and F; .* Worcester 
Foundation for Experimental Biology and Medfield State 
Hospital. 

Brodie, et al. reported that daily administration (admn.) of 
several MAO inhibitors to rats or rabbits results in a rapid 
increase in brain serotonin, followed several days later by an 
increase in brain norepinephrine (NE). Psychomotor excitation 
and sympathomimetic responses could be observed at the time 
the brain content of NE was approx. doubled. Spector, et al. 

ed that daily admn. of MAO inhibitors to cats and dogs 
results in a rise in brain serotonin but not in brain NE. Wo 
pharmacological signs could be observed. Vogt and others 
have demonstrated that the admn. of reserpine to rabbits pre- 
treated with iproniazid causes marked excitement and sympa- 
thomimetic responses. The admn. of reserpine to cats pre- 
treated with iproniazid produces the typical depressant and 
sympatholytic effects of reserpine. In this study several 
patients while on MAO inhibitor therapy were given 3 mg. of 
reserpine as a single dose intramiscularly. Tranquilization 
was observed. These data suggest that treatment of depressed 
patients with MAO inhibitors at the clinically effective dose 
levels may not appreciably alter the content of brain WE. 
Man therefore resembles the cat and dog in contrast to the 
rat and rabbit in this respect. 





URINARY CHROMOGENS AND THE REIGELHAUPT TEST FOR SCH 
A. Yuwiler* and R. W. Gerard. Univ. of Mich. and Ypsi. 
Hosp. Joint Project on Schiz. and Psychopharm., and Mental 


e, 
4 





Health Res. Inst., Univ. of Mich. 

Reports have appeared confirming the observation by 
Reigelhaupt that urine from schizophrenic subjects containg” 
significantly more Hopkins-Cole positive material than does 
urine from non-schizophrenics. Because these observations qj 
not report the role of diet, medication, activity level or 
suitability of control population, this aspect was 
under closely controlled conditions. Male schizophrenic, pgy 
chotic non-schizophrenics and non-psychotic non-schizop 
subjects drawn from the population of the Ypsi. State Hospity 
were placed on a four week repetitive control diet and medig, 
tion was withdrawn. Twenty-four hour urine collections 
obtained during the fourth week were tested by the procedure 
Suggested by Reigelhaupt and Fleischhacker. Chloroforn- 
extractable chromogens induced by acid were also measured, 
Similar measurements were also carried out before, during, an 
after chlorpromazine or imipramine medication or tryptophan 
loading. Under the conditions employed, no separation was 
found between diagnostic populations and the results indicate 
that chlorpromazine and tryptophan metabolites are the two 
major sources of such urinary chromogens. Further, treatment 
with either phenothiazine or imipramine alters indican levels, 
(Supported by NIH grant 1972c) 


Physiology 


THE DISTRIBUTION OF THIOCYANATE BETWEEN THE CEREBROSPINAL 
FLUID AND BLOOD PLASMA. E. Streicher,* D. P. Rall,* and J. % 
Gaskins.* Laboratory c° Psychology and General Medicine — 
Branch, Natl. Insts. of Mental Health and Cancer, Bethesda, 
Md. 





The kinetics of entry into the cerebrospinal fluid, and 
the steady state cerebrospinal fluid/plasma distribution 
ratios for the thiocyanate ion were determined in dogs after 
single infusions of 0.3, 1, 2, and 3 millimoles NaCNS/kilogra 
At plasma levels below 2.5 millimoles/liter, CSF/plasma ratits 
were 0.05 or less. At plasma concentrations above 2.5 milli: 
moles/liter the CSF/plasma, ratios were approximately propor. — 
tional to 0.72 times the plasma concentrations of CNS”. The 
approximate t-1/2 for entry varied from 30 minutes for the — 
smaller doses to 2 hours for the larger doses. 


Biochemistry 


EFFECT OF PSYCHOTROPIC COMPOUNDS ON ENZYME SYSTEMS. 
Vera Usdin* and Earl Usdin.* New Mexico Highlands 
University, Las Vegas, New Mexico. 

As part of a general survey of the effect of 
psychotropic compounds on enzyme systems, both in 
vitro and in vivo, in an attempt to determine 
Whether a Correlation may be found between enzymatic 
and psychotropic activities, the following systems 
have been investigated: true and pseudo cholin- 
esterases, choline acetylase, monoamine oxidase, and 
carbonic anhydrase. Tranquillizers, psychic ener- 
gizers and hallucinogens have been included among 
the compounds tested. Human pseudo ChE, but not 
true ChE, was inhibited by both Secergan and 
Azacyclonol; these two compounds also inhibited rat 
brain, but not beef brain, ChE. Almost all of the 
compounds tested, including members from all three 
groups, inhibited carbonic anhydrase. One tran- 
quilizer, chlorpromazine, and one energizer, pen- 
tylenetetrazol, enhanced the activity of rat kidney 
carbonic anhydrase. Modifications of the published 
methods of assay will be discussed. (Supported by 
grants from the National Institutes of Health and — 
the New Mexico Heart Association). * 
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Pharmacology 


PHARMACOLOGY OF SU-9064, AN ETHER OF METHYL EPIRESERPATE. 
W. B. Barrett, R. Rutledge*, and A. J. Plummer, Research 
Dept., CIBA Pharmaceutical Products Inc., Summit, N. J. 
Su-9064 is methyl 18-epireserpate methyl ether. Unlike 
reserpine it is an ether rather than an ester at the 16- 
position and forms a water-soluble hydrochloride. In 
contrast to reserpine, its quieting action in the dog is. 
characterized by a rapid onset and a short duration of 
effect following either intravenous or oral administration, 
The tranquilizing action is apparent 10 to 30 minutes after 
administration and persists for between 8 and 24 hours. 
$u-9064 does not exhibit the cumulative action of reserpine. 
No significant action on the blood pressure or the gastro- 
intestinal motility of the dog accompanied the quieting 
action of the drug. Ataxia was not present after large 
doses of Su-9064, A detailed analysis of its pharmacological 
activity will be presented. 
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Pharmacology 


TAMING ACTION OF CHLORDIAZEPOXIDE. George A, Heise* and 
Edward Boff.* Hoffmann-La Roche, Inc., Nutley, N, J, 

Vicious mature Cynamologous monkeys were scored under con- 
trol conditions and after drugs on a list of aggressive behav- 
iors and on a list of activity items. The monkeys were se- 
lected for consistently high control aggression and activity 
scores. Drugs were given once per week. The ratio: aggression 
score (% of own control)/activity score (% of own control) was 
measured for each monkey at 2-5 times the threshold dose. 
"Taming" was defined as a ratio of 0.5 or less; the "tame" 
monkey was not sluggish or ataxic, but did not retaliate when 
handled or poked, The mean ression/activity ratio was 0.4 
for chlordiazepoxide (Libri: and phenobarbital, but ex- 
ceeded 1.0 for chlorpromazine and meprobamate (N=3-7), 'Tam- 
ing" with 5 mg/kg p.o. chlordiazepoxide was confirmed in 3 
monkeys in a "blind" cross-over comparison between drug and 
water, All the above data were obtained with monkeys that had 
previously received other drugs. An experiment in which first 
10 and then 5 mg/kg p.o. chlordiazepoxide was given weekly to 
3 monkeys that had never before been drugged indicated that 
"taming" was facilitated by repeated dosings. Effects in- 
creased with successive dosings; one monkey never attained the 
"taming" criterion, Altogether, 10 monkeys have been tested 
with chlordiazepoxide and "taming" as defined above was ob- 
served with 9, 


Pharmacology 


PSYCHOLOGICAL EFFECTS OF PIPERAZINE PHENOTHIAZINES. 
G.L. Klerman* & A. DiMascio*. Bethesda, Md. & Boston, Mass. 
Clinically, piperazine phenothiazine derivatives often pro- 
duce stimlatary effects, i.e., motor restlessness, increased 
alertness, and improved mental functioning. This differs from 
the motor depression, drowsiness and mental retardation pro- 
duced by aliphatic phenothiazines. Animal studies have not 
consistantly shown these phenomena. This study attempted to 
demonstrate the stimulatory actions of piperazine derivatives 
on psychomotor performance, cognitive functioning, and mood 
in "normal" human subjects. Two aliphatic derivatives, 
chlorpromazine and promethazine, and two piperazine pheno- 
thiazines, perphenazine and trifluoperazine, were studied by 
double-blind procedure. Each compound was studied at four 
dose levels. In 180 experiments, 36 Ss received a single dose 
of active drug aor placebo. Each S participated in five 
experiments. Alertness, psychomotor speed, steadiness, simple 
continuous mental arithmetic, digit symbol substitution, and 
& mood were assessed prior to, and 2, 4, and 7 hours after 
drug ingestion. The aliphatic phenothiazines, chlarpromazine 
and promethazine, produced marked psychomotor retardation, 
impairment on intellectual tasks, and considerable drowsiness. 
In contrast, the piperazine phenothiazines, perphenazine and 
trifluoperazine, induced psychomotor stimlation, improved 
intellectual tasks, and elevated mood. 








Pharmacology 

INTERACTIONS OF !MIPRAMINE AND AUTONOMIC AGENTS. Sabelli, H.; 

in 8 and Toman, ¥s Chicago Medical School, : 

In mice, imipramine (25mg/kg) plus ethyltryptamine (50mg/kg) 
produced fighting and vocalization, marked hyperactivity and 
psychomotor seizures, and abolished the tonic phase of maximal 
electroshock seizures, while separately they had little effect 
on latency or pattern. Imipramine potentiated the seizure- 
modifying effects of shake-siress; ethyltryptamine did not. 
Potentiation of seizure-pattern modification occurred with 
homochlorcyclizine. No notable interactions were seen with 
5-OHTP. In rabbits, EEG (spontaneous and evoked) effects of 
imipramine (3-9mg/kg) resembled those of atropine (slow waves, 
spindles, blocking of various amphetamine-like drug actions), 
but arecoline and eserine were not blocked. In the EKG of 
mice and rabbits, marked transient tachycardia and disorders 
of conduction were noted which could not be blocked by a wide 
variety of autonomic agents. Imipramine blocked some sym- 
pathomimetic cardiac effects, but not catecholamines or homo- 
chlorcyclizine. In mice, imipramine potentiated mortality due 
to homochlorcyclizine, cocaine, deserpidine and 5-OHTP and de- 
serpidine and homochlorcyclizine actions on barbiturate sleep. 
These and other studies suggest that imipramine actions are not 
explainable by a single mediator mechanism. (Aided by USPHS 
M-1422 and Consejo Argentino de Investigaciones. ) 


Pharmacology 


TRANQUILIZER SUPPRESSION OF PSEUDOPROTECTIVE BEHAVIOR 
IN RAT. Oakley S. Ray* and Amedeo S. Marrazzi, Vet, Admin, 
Research Laboratories in Neuropsychiatry, Pittsburgh, Pa. 

Testing responding under negative and positive motivation 
by using conditioned avoidance and conditioned approach in the 
same experimental session, gives a clear measure of the speci- 
ficity of tranquilizer effects on "anxiety motivated" behavior. 
Rats, trained to press one lever for milk reinforcement and a 
second identical one to avoid a shock, using different audit- 
ory signals as discriminative stimuli, were then run without 
shock when drugs were given. Avoidance now we call pseudo- 
protective behavior. In long, 4-6 hour, experimental sessions 
i.p. CPZ (0.75-2.25 mg/kg) had a selective effect on avoid- 
ance, i.e., increased response latency to the shock signal or 
blocked it completely, with only minimal effect on responding 
to the food tone. Meprobamate (70-120 mg/kg) showed partial 
selective effect on avoidance but frequently also increased 
the response latency to the milk signal. Pentobarbital (10- 
15 mg/kg) blocked responding to both signals, but typically 
responding to the shock signal was blocked longer. Reserpine 
was studied over several daily runs. Low doses (0.5-1.0 mg/kg) 
22 hours before a run, for one or several days, blocked or im- 
paired avoidance without altering approach behavior. Tran- 
quilizers were more selective than sedatives in suppression 
of pseudoprotective or maladaptive behavior. 





Pharmacology 


THE INHIBITORY EFFECT OF PSILOCYBIN AND RELATED COMPOUNDS OWN 
Foldes* Dept. of Anes nny 
‘0. ° thesia, Mercy Hospital and Section on 
Tnesthesiology, Dept. of Surgery, University of Pittsburgh 
School of Medicine, Pittsburgh, Pennsylvania. 

The in vitro inhibitery effect of psilocybin (PS) and 
buffotenin (BT), two hallucinogenic, and that of serotonin 
(5-HT), @ non-hallucinogenic compound, was investiga: 
the hydrolysis of ACh by human plasma (PChE), red c 
eee Ge et ee: PS and BT 
inhibited PChE more (Ico = 6 to 8 x 10-°M) than 5-HT (Ico = 
7x 10-lM). In » the inhibitory effect of 
hallucinogenic PS and non-hallucinogenic 5-HT on RChE 
pentyl pans gg. Sob aera The same value for 
BT was 2x 1 « These results indicate that as is 
caye with LSD derivatives (Zsigmond et al., Fed. Proc. 19: 
266, 1960), there is no correlation between the in vitro 
anticholinesterase activity and the hallucinogenic effect of 
PS and related 


Supported by National Institutes of Health Grant M-1425(c3). 
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CENTRAL EFFECTS OF XANTHIOL, A NEW PSYCHOTHERAPEUTIC DRUG. 
William H. Funderburk, Anna B. Drakontides* and Alexander 
Scriabine*, Dept. of Macrobiology, Medical Research Labora- 
tories, Chas. Pfizer & Co., Inc., Groton, Conn. 

Xanthiol, 2-chloro~10-(3-1-(3-hydroxypropyl )-4-piperazinyl) 
propyl thiaxanthene, has been shown to have a depressant ac- 
tion in several species. It decreased spontaneous motor ac- 
tivity, prolonged hexobarbital sleeping time, and antagonized 
d-amphetamire and caffeine induced hyperactivity in mice. The 
drug did not antagonize electroshock induced convulsions. 
Xanthiol is as potent as chlorpromazine and more potent than 
chlordiazepoxide in taming rats made vicious by lesions 
placed in the septal region and in inhibiting fighting behav- 
ior induced in mice by isolation. In spinal cats, xanthiol 
in intravenous doses of 10 mg/kg produced a transient in- 
crease in the amplitude of the knee jerk and flexor reflex 
but had no prolonged effect on these reflexes. In doses of 
10 mg/kg, the drug decreased the frequency of the waves and 
produced spindling in the EG. Consistent with this finding, 
it reduced the response to stimulation of the ascending ac- 
tivating system. Cortical after-discharge was unchanged by 
the drug while evoked potentials were increased in the hippo- 
campus. 
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Physiology 


INTERACTION OF IMIPRAMINE WITH MONOAMINE OXIDASE INHIBITORS, 
Williamina A. Himwich and JoAnn C. Petersen. State Research 
Hospital, Galesburg, Illinois, 

The gross behavioral responses of dogs chronically treated 
with imipramine, 10 mg/kg i.m., daily for 5 days followed by 
a single injection of a monoamine oxidase inhibitor (tranyl- 
cypromine 2 mg/kg i.v.) are reflected in the changes in the 
EEG of the unanesthetized unrestrained animal. The first 
response both behaviorally and in terms of the EEG isa drowsy 
sSleep-like state, This condition is followed by motor ac- 
tivity consisting of rhythmical twitchings in the hind legs 
of the female and sexual orgasms in the male accompanied by 
arousal patterns in the EEG. The replacement of imipramine 
by chlorpromazine fails to evoke similar responses. If the 
order of administration of the drugs is reversed and a single 
dose of tranylcypromine is followed 3 hours later by a single 
i.m. injection of imipramine, only mild symptoms ensue. The 
relation of these changes to the neurohormonal contents of 
the brain will be discussed. 





Biochemistry 


Effect of Psychopharmacological Agents on DPN-dependent 
Enzymes: D.V.Siva Sankar*,E.Gold*,B.Sankar*® and N.McRorie* 
Creedmoor State Hospital,Jamaica 27,N.Y. 
The effect of LSD,BOL,tyramine, phenylisopropyl hydrazide 
(JB516),5-hydroxytryptophan(HTP) ,tryptemine,noradrenalin,d-, 
and l-amphetemine,Marsalid etc.,on enzymes requiring DPN as a 
was investigated by following the increase in optical 
density at 340m in the presence of the proper substrates. A 
maximm of 10-2M of the compounds was used. Very few of these 
compounds affected glutamic dehyfrogenase except LSD and BOL 
which showed an inhibition while JB516 showed a small activa- 
tion. Using yeast alcohol dehydrogenase, HTP,tyramine and tryp- 
tamine showed inhibition,while Marsalid and were 
not inhibitory, A freshly prepared solution of JB516 was not 
inhibitory, but one allowed to stand at room temperature for 
about Ahrs was markedly so. The fluorescence characteristics 
also e Using liver alcohol dehydrogenase, with vitamin 
A alcohol or ethyl alcohol as substrate, even a fresh solution 
of JB516 wes inhibitory, while 1 was mich more 
inhibitory than d-amphetamine. The inhibitory activity of 
JB516 was reversed by larger amounts of enzyme, or DPN, or 
by cysteine, showing that the inhibition is probably mediated 
through blocking of the sulphydryl groups by JB516. Spetro- 
photofluorimetric evidence for the formation of enzyme- 
coenzyme and other complexes will be presented. 
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THE ACTION OF EMYLCAMATE AND MEPROBAMATE ON AVOIDANCE AND 
FIXED INTERVAL BEHAVIOR. John J. Boren.* Merck Institute ® 
Therapeutic Research, West Pc , ° Fs 
Emylcamate and meprobamate were studied with operant i 
tioning techniques for their effects upon avoidance and fim 
interval behavior. With the avoidance technique, low doses») 
emylcamate (10-50 mg/kg P.O.) occasionally caused slight { 
creases in the avoidance rate. With medium doses (100-2% 
kg) the rate was decreased moderately, and at the highest 
of 300 ng/kg it dropped almost to zero. At the latter dogs, 
escape behavior was sharply decreased and the rats were 
served to be grossly ataxic. In comparison to these e: 
meprobamate did not cause the rate increases at the lower dj 
and was approximately 1/2 as potent dosewise. In the case of 
the fixed interval studies, monkeys were used as subjects yj 
the first lever press after 5 minutes being reinforced with 
condensed milk. With doses of 10-50 mg/kg P.O. emylcamate 
produced small over-all rate increases, but without 
the temporal discrimination. Larger doses of 100-200 mg/kg 
caused gross ataxia and eliminated all lever pressing behavig) 
In comparison, meprobamate in doses up to 200 mg/kg caused 
both increases and decreases in over-all rate, although the 
effects were not large. All cases of rate change, however, 
were accompanied by a moderate disruption in the temporal diy. 
crimination. Gross ataxia occurred at 300 mg/kg. 
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REVERSAL OF THE DEPRESSANT ACTIVITY OF METHYL 0-(2-TETRA- 
HYDROPYRANYL) RESERPATE BY MONAMINE OXIDASE INHIBITORS, 
Patricia Furness* and Albert J. Plummer, Research Dept., 
CIBA Pharmaceutical Products Inc., Summit, N. J. 

Methyl 0-(2-tetrahydropyranyl) reserpate, Su-7064, has 
been found, like reserpine, to depress spontaneour activity 
of animals but to have a rapid onset and shorter duration 
of effect. It has been shown by Brodie that reserpine- 
induced sedation is reversed to stimulation by prior ad- 
ministration of the monamine oxidase inhibitor, iproniazid, 
Several monamine oxidase inhibitors were tested for their 
ability to reverse the effects of Su-7064, The sedative 
activity of Su-7064 was converted to stimulant activity 
of early onset and short duration when the substance was 
administered at the estimated peak of action of the mona- 
mine oxidase inhibitors. This suggests that Su-7064 is 
capable of liberating amines more rapidly than reserpine 
and that, in turn, the stimulant properties of the amines 
are enhanced by inhibition of monamine oxidase. 
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INDIVIDUAL DIFFERENCES IN SENSITIVITY OF PEOPLE TO THE 
CENTRAL EFFECTS OF CAFFEINE. Avram Goldstein and Richard 
Warren.* Dept. of Pharmacol., Stanford Univ. School of 
Med., Palo Alto, Calif. 

"If I drink eoffee at night I can't fall asleep." "I 
can drink coffee at bedtime and sleep like a baby." How 
valid are these often-heard contradictory assertions? In 
placebo-controlled double-blind experiments several hun- 
dred subjects were given decaffeinated instant coffee with 
and without added caffeine (150 mg) one hour before bed- 
time. Effects upon sleep were evaluated the next morning. 
Caffeine significantly delayed the onset of sleep. Tn 
numerous trials it was found that some individuals always 
reacted to caffeine but not to placebo, while others never 
reacted to caffeine or placebo, Heavy coffee-drinkers re- 
acted less frequently than non-drinkers. Reactors and non 
reactors absorbed caffeine equally well, established simi- 
lar plisma levels, and had the same rates of plasma level 
decline. Effects of other doses are being investigated, a8 
well as objective techniques for assessing caffeine sensi- 
tivity more reliably, in order to clarify further the besi# 
of the observed individual differences. (Supported by 6 
grant from the Maxwell House Division, General Foods Corp.) 
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Pharmacology 


OF AMPHETAMINE, CHLORPROMAZINE, and PENTOBARBITAL ON 
GULATORY BEHAVIOR. Bernard Weiss* and Victor G. 
s.* Johns Hopkins School of Medicine, Baltimore, Md. 

Jwenty-four rats were trained to work for heat in the cold 
by pressing & lever which turned on an infrared heat lamp. 

y were randomly assigned to amphetamine, chlorpromazine, 
or pentobarbital. Each rat was studied at saline and 3 dose 
levels of the assigned drug: 1, 2, and 4 mg/kg of amphet- 
gine; 1, 2, and 4 mg/kg of chlorpromazine; and 5, 10, and 
20 mg/kg of pentobarbital, The temperature of the cold room 
yas 2° C. Each time the lever was pressed while the lamp 
yas off it was turned on for 2 seconds, A single reinforce- 
pent produced a transient skin temperature rise of about 
3° C, An experimental session lasted 4 hours and began di- 
rectly after injection, Amphetamine produced a sharp fall 
in reinforcement rate at 4 mg/kg during the first 30 minutes. 
During the last 2 hours, however, reinforcement rate was di- 
rectly related to dose level. Chlorpromazine produced a 
lowered reinforcement rate at 2 and 4 mg/kg; the rate at 
1 mg/kg was elevated above that for saline during the first 
2 hours but then fell to the saline rate. The group given 
pentobarbital was only temporarily depressed by doses of 
5 and 10 mg/kg, but depressed throughout the session by 
20 mg/kg. (Supported by grants B-865 and MY-3229 from the 
United States Public Health Service, N I H) 
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EFFECTS OF ALCOHOL ON TIMING BEAVIOR IN RAT AND MAN, Victor 
G, Laties* and Bernard Weiss*. Johns Hopkins School of 
Medicine, Baltimore, Md. 

An earlier experiment (Fed. Proc.18:413,1959) showed that 
5 gm/kg ethyl alcohol modified the performance of human sub- 
jects working on a schedule which reinforced successive re- 
sponses spaced at least 24 sec. apart (DRL 24). While sub- 
jects worked on this task, they also worked on a fixed-inter- 
val observing behavior task that made it more difficult to 
estimate the passage of time. Alcohol increased the number 
of unreinforced responses throughout the 40-min. session. 
After placebo such responses decreased in frequency. Three 
experiments were performed to check on the generality of 
this interaction with time. In one, rats were given up to 
1 gm/kg i.p. Total responses decreased for the highest dose 
and a slight leveling of the interresponse time distribution 
occurred, There was no interaction with time. In two other 
experiments, human subjects worked after either .5 gm/kg al- 
cohol or placebo, In one they performed on the DRL schedule 
alone, In the other, they also had to subtract serial 17's 
aloud. Concurrent subtraction leveled the interresponse 
time distribution considerably. In neither experiment did 
alcohol affect this distribution in any way. No interaction 
with time occurred. (Supported by grants B-865 and MY-3229 
from USPHS, NIH). 


Pharmacology 


4 DEPRESSANT EFFECT OF METHAMPHETAMINE ON AVOIDANCE 
BEHAVIOR. Thom Verhave. Lilly Research 
laboratories, Indianapolis, Indiana. 
Methamphetamine has usually been shown to pro- 
duce increased rates of responding in a free- 
operant avoidance situation (Verhave. J. exper. 
anal, Behav., 1: 207, 1958). In certain animals a 
dose-dependent depressant effect on rate of re- 
sponding can be produced. In one typical animal, 
subcutaneous doses between 0.5 to 2.5 mg/kg: 
1) lowered the over-all rate of responding, 2) de- 
creased the shock rate, 3) improved the temporal 
discrimination involved in successfully postponing 
shock by shifting the mode of the inter-response 
time distribution to the right. These effects can 
Only be demonstrated with animals that show a high 
Tate of responding immediately after a shock is 
received but have been observed in animals with 
Various SS and RS intervals, shock intensities and 
shock durations. In the animal mentioned above the 
88 interval was 3 sec., RS was 30 sec., the shock 
intensity was 1.5 milliamp. at 0.15 sec. The ex- 
perimental space, and other conditions were iden- 
tical to those described elsewhere (Verhave. 
J. exper. anal. Behav., 1: 207, 1958). 
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IMIPRAMINE, CHLORPROMAZINE, AND AMPHETAMINE INTERACTIONS: 
POSSIBLE MODE OF ANTI-DEPRESSIVE ACTION OF IMIPRAMINE. Larry 
Stein* and Joseph Seifter. Basic Medical Sciences Research 
Division, Wyeth Laboratories, Inc., Philadelphia 1, Pa. 
Imipramine (Tofranil®, 5-10 mg/kg) augmented and prolonged 
amphetamine-produced increases in the rate of responding of 
rats working for "rewarding" hypothalamic stimulation; this 
extends, to a positive reward situation, the observation of an 
imipramine-amphetamine potentiation in shock avoidance (P. L. 
Carlton, The Pharmacologist, 2:70, 1960). Chlorpromazine 
(1.5-3 mg/kg) antagonized the action of amphetamine on self- 
stimulation. These opposite psychopharmacological effects are 
consistent with the different clinical actions of these drugs. 
It was found also that small doses of chlorpromazine abolish 
the potentiating action of imipramine on amphetamine. Clinical 
(endogenous) depression may result from a hypoactivity of the 
brain system subserving motivational and reward functions, 
Our self-stimulation results indicate that imipramine, in 
combination with amphetamine, exerts a salutory influence on 
this system. It is known, furthermore, that this brain region 
is rich in catechol amine. Since amphetamine may act central- 
ly by mimicking catechol amine,'and since chlorpromazine may 
act centrally by blocking catechol amine, all our findings are 
consistent with the suggestion that imipramine acts by favor- 
ably influencing adrenergic activity in the reward system. 


Pharmacglogy 


FACTORS AFFECTING EXTENSION OF HEXOBARBITAL EFFECT BY ANTI- 
CHOLINESTERASES. C. D, Proctor, Ss As Ridlon*, J. J. Fudema* 
and Y, Ge Prabhu*, Dept. of Pharmacology and Therapeutics, 
Stritch School of Medicine, Loyola University, Chi . ° 

We have ascertained that the antdababdanenarties youtciizece) 
TEPP and parathion (P) can convert a subthreshold, 50mgm/Kg 
I.P. dose of hexobarbital (H) to threshold level in mice. With 
the antiCHases given I.P. in polyethylene glycol (p.g.) at vol. 
of 0.0025m1/gm, 50mcg/Kg P, 1 hr. prior to H, gave 19*0.5 min. 
mean sleep time and 50mcg/Kg TEPP, 24 hrs. prior to H gave a 
12.40.5 min. meane Saline and Peg controls gave 0.2 min. 
means. 5Qmcg/Kg TEPP in pg was ineffective at 0.5, 1, 1.5 
and 2 hrs. Water solutions of TEPP (used within 10 min. at 
50mcg/Kg) gave significant H sleep at 0.5 hr. suggesting p.g. 
depression of TEPP absorption. OMPA, 5Qmcg/Kg or 0.5mg/Kg, in 
water or peg., was ineffective at latencies from 1-6 hrs. TEPP 
enhancement of H action was reversed by 0. atropine but 
not by O.lmg/Kg atropine methyl bromide. Though ineffective 
separately, 0.75mg/Kg perphenazine I.P. and 50mcg/Kg TEPP in 
Pege, 20min. and 2 hrs. prior to H respectively, gave signifi- 
cant sleep when combined (effect reversed by 0. atropine 
but not by 0.2mg/Kg atropine methyl bromide and prevented by 
18 hr. prior administration of either 100mg/Kg iproniazid or 
5mg/Kg Catron). The antiCHase effects observed appear to be 
exerted on the C.N.S. 
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THE EFFECT OF VARIOUS ANTI-CHOLINERGICS ON THE SPONTANEOUS 
ACTIVITY OF MICE. L.S. Harris*, Sterling-Winthrop 
Research Institute, Rensselaer, New York. 

Using a modification of the photocell method of Dews 
(Brit. J. Pharmacol. 8 46 (1953) it was observed that 
scopolamine, over a wide dose range, produced an increase 
in the spontaneous activity of mice. Atropine and sev- 
eral synthetic anti-cholinergics share this property. It 
has been possible to demonstrate that the relative stimu- 
latory potency is not directly related to peripheral 
(mydriatic) anti-cholinergic potency. However, by the 
use of the isomer pairs d-hyoscyamine, l-hyoscyamine, d- 
trihexyphenidyl, 1-trihexyphenidyl, it was determined that 
anti-cholinergic activity was necessary for stimulatory 
activity. Penetration, or passage across the blood-brain 
barrier was also shown to play an important role. Thus, 
the quaternary salts, with the exception of N-Methyl- 
scopolamine, were inactive. However, N-methylscopolamine 
was only 1/100 as active as the parent base and probably 
owes its demonstrable activity to its high anti-cholin- 
ergic potency and low toxicity. These findings will be 
discussed in relation to cholinergic mediation in the 
central nervous system. 
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THE EFFECTS OF AMITRIPTYLINE, IMIPRAMINE, CHLORPROMAZINE AND 
NIALAMIDE ON AVOIDANCE BEHAVIOR. Harley M. Hanson*. Merck 
Institute for Therapeutic Research, West Point, Pa. 

Amitriptyline, imipremine, chlorpromazine and nialamide 
were tested in squirrel monkeys and rats trained on a Sidman 
avoidance schedule (RS-48, SS-8). Amitriptyline and 
imipramine were tested at 5, 10 and 20 mg./kg. P.O. Chlor- 
promazine was administered at 1.25, 2.5 and 5 mg./kg. P.O. 
These drugs produced loss of avoidance responding at moderate 
doses and decreased escape responding at the highest doses 
tested. Amitriptyline and, to same extent, imipramine pro- 
duced erratic bursts of responses at doses producing severe 
response deficits. Nialamide produced no measurable effect 
in doses up to 160 mg./kg. P.O. No increase in response 
rates was observed as a result of any of the agents tested, 
although, with the exception of chlorpromazine, the drugs are 
clinically useful antidepressants, and have been reported to 
have an "energizing" effect in patients. Amitriptyline and 
imipramine when given in adequate doses, depressed behavior 
producing behavioral effects similar to those show by 
chlorpromazine. The mixed effects on responding seen at the 
high dose, however, suggests that their behavioral activity 
is more complex than a simple depression of avoidance 
responding. Nialamide, except at toxic doses, was free of 
any behavioral effects. 


Pharmacology 


THE INTERACTION OF IMIPRAMINE,ITS DERIVATIVES,AND PHENOTHIA~ 
ZINK&S WITH 5-HT,EPINEPHRINE AND NOREPINEPHRINE. 
Soffer* and Laszlo Gyermek. Geigy Research Labs,Ardsley,N.Y, 
Investigation of the potentiation or blockade of catechol- 
amines and 5-HT by an antidevressant,imipramine;a structurally 
related “tranquillizer",promazine and some of their analogues 
was made on the normal and acvtely denervated cat nictitating 
membrane. At least two doses of each of the following amines 
were given to nembutalized cats; 5-HT(5-40ug/ke iv.) ;norepinep» 
rine(4=32ng/kg) and epinephrine(0.5—4mg/ke). Smaller doses of 
these amines were readministered after injection of imipramine 
or three of its derivatives in doses of 0,.15-2,5mg/kg i.v. 
Degrees of potentistion were expressed by equipotent dose ra- 
tios, Two metabolites of imipramine: N(¥-Dimethylaminopropyl- 
4moxy-iminodibenzyl HC1;N(¥-Methylaminopropyl) iminodibenzyl 
HCL,and its dichloro derivative ;N(s=Dimethylaminopropyl)3,8- 
dichloro iminodibenzyl HCl showed a lesser degree of potentia- 
tion to all three amines than imivramine. No difference in re- 
sponses was observed between the intact and acutely denervated 
membranes, In contrast to the imipramine group promazine,chla- 
promazine and cyproheptadine(an anti 5-HT compound) diminished 
or blocked the nictitating membrane response to the three 
amines at doses of 0,15~2.5mg/kg i.v. Within the group of imi- 
pramine and its analogues, the degree of potentiation to 5-HT 
might be proportional to their antidepressant action. 
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EFFECTS OF LEVARTERENOL AND EPINEPHRINE ON MOOD. Edward W. 
Pelikan. Boston Univ. School of Med., Boston, Mass. 
Levarterenol was 77% as potent as epinephrine in altering 
reported subjective states of medical student subjects 
tested during student class experiments. Epinephrine (E), 
levarterenol (L), or atropine (A), in modal doses of 0.6, 0.3, 
or 0.3 mg respectively, was given subcutaneously to 21, 17, 
and 13 students respectively; 8 students received a placebo (P) 
injection. Mood was measured before treatment, at the time of 
peak somatic effect and retrospectively to time of peak effect 
using the polar mood scale of Smith and Beecher (J. Pharmacol., 
126:50, 1959). All drugs produced typical effects on pulse 
and blood pressure. Effects of A and P on mood did not differ; 
data for the two were pooled. After E and L subjects became 
significantly more active and confident; after E but not L 
subjects became significanity more alert, friendly and 
cheerful. After atropine-placeibv (A-P) and L subjects became 
less anxious; after E subjects became more anxious. After E 
and L, alertness, activity, friendliness, confidence and 
cheerfulness increased; after A-P they decreased. Retro- 
spectively, students who received E believed themselves to 
have been more cheerful, but less confident and unanxious than 
they reported while affected by E. Potency estimates for E 
and L were made by both 2 x 1 and 1 x 1 assays. 
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REVERSAL OF RESERPINE SEDATION WITH SOME MAO INHIBITORS Agp 
ANALEPTICS, Robert P. Rowe*, Sally L. Lofgren*, and Anne © 
Kelley*, Medical Research Laboratories, Chas. Pfizer & (%,, 
Ine., Groton, Conn. é 
As has been previously described certain agents are capa, 
of reversing the signs of reserpine sedation. A series of 
amine oxidase inhibitors and CNS stimlants were tested for 
their Reserpine Reversal potency. Most of the MAO inhibitoy 
at doses which are quite efficient in delaying the onset of 
reserpine sedation if given before reserpine are slow in ofge 
or have little activity as reversal agents. On the other bani 
d-amphetamine and desoxyephedrine reverse the reserpine siggy 
very rapidly. Their effect, however, is short-lived. P-20g7, 
(1-isonicotinoyl-2-[2-(8-phenylisopropylcarbamyl )ethy]] hydm. 
zine, D-isomer), an MAO inhibitor structurally related to 
nialamide, reverses reserpine ptosis and dec. SMA rapidly an 
also has the prolonged action of nialamide. These characteri, 
tics may be related to the fact that P-c027 liberates d-ampe 
amine by hydrolytic cleavage as has been demonstrated in the 
dog (Pinson, R., Jr., et al., The Pharmacologist 2, 83, 196), 
In studying the time parameter of Reserpine Reversal it was 
observed that a relative refractoriness to reversal develope 
with a peak about 5 hours after injection of reserpine and 
lasting 5 more hours. This effect is as yet unexplained. 
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CORRELATION BETWEEN LOCOMOTOR STIMULANT AND BRAIN MONOAMINE- 
OXIDASE-INHIBITORY ACTIVITY OF IPRONIAZID, NIALAMIDE AND 
PHENIPRAZINE IN THE RAT. Samuel Irwin and I.1.A. Tabachnick, 
Depts. of Neuropharmacology and Pharmacology, Schering Corp., 
Bloomfield, N.J. 

Pheniprazine (0.2 and 0.8 mg/kg), iproniazid, nialamide, 
isoniazid (1 and 4 mg/kg), and saline were administered orally 
to a total of 120 femle, Charles River rats once daily for 
36 days. Locomotor activity counts were measured in revolvi 
treadwheels, and recorded weekly. On test days, a 2-hour 
count of activity was taken before treatment, and a 4-hour © 
count immediately after treatment. With low dose treatments 
of MAO-I, slight stimulant effects were observed within one 
week, and statistically significant stimulation (p = <0.05) 
after 22 days of iproniazid and 36 days of pheniprazine or 
nialamide administration; higher doses produced significant 
stimulation after 15 days. No locomotor stimmlation was ob- 
served in isoniazid-treated animals. Dose-response slopes 
for all MAO-I were parallel, with pheniprazine 3.3 and 7.5 
times more potent than iproniazid and nialamide respectively, 
Subsequent sacrifice and evaluation of brain serotonin (5-H?) 
and norepinephrine (NE) levels (Shore and Olin Method) re- 
vealed highly significant correlations between the levels of 
locomotor activity and brain-levels of 5-HT or NE, irrespectit 
of dosage or treatment administered. 


Pharmacology 
EFFECTS OF CHRONIC METHAMPHETAMINE ADMINISTRATION IN THE CAT, 
Gerald Feinberg* and ‘Samuel Irwin, Dept. of Neuropharmacology 
Schering Corp., Bloomfield, N.J. 

Four mle cats received methamphetamine twice daily orally 
for 64 days, with weekly increments in dosage to a daily 
maximum of 10 mgm./kgm. During this period, considerable 
tolerance developed to its autonomic and behavioral stimulant 
effects. After abrupt discontinuation of treatment, a "with 
drawal syndrome” was observed, consisting of markedly inc- 
reased sleep, decreased locomotion and slight nictitans re- 
laxation. It reached a peak during the 2nd and 3rd day of 
withdrawal and persisted over 7 days. After 38 days of 
abstinence, the animals were administered 0.2 and 0.5 mg/kg 
of methamphetamine respectively, and exhibited a greatly 
increased sensitivity to the stimlant effects of the drugs, 
as compared with S control animils given the same doses. An 
unusual and marked degree of motor restlessness also was seeh 
This greatly increased responsiveness to drug was still 
evident after 5 months of abstinence. An exaggerated re- 
sponse to pipradrol (0.25 mg/kg) also was observed. The data 
suggest that chronic methamphetamine administration my 
result in persistent, biochemical alterations of tissue with 
consequent altered responsiveness to drugs, similar to that 
observed after addiction to narcotics in monkeys (Irwin, 
Fed. Proc., 13: 369, 1954). 
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RS AND sPECTROF LOUR IMETR IC DETERMINATION OF PHENOTHIAZ INE TRANQUILIZ- 
Anne prs IN BIOLOGICAL SAMPLES. James B. Ragland, and John Kinross- 
&C., right’. Baylor Univ, Coll. of Med. and Houston State Psychi- 






@ atric Institute, Houston, Texas, 
The activation and flourescence spectra of 22 different phe- 
onothiazine derivatives have been determined with the spectro- 
flourometer for both the reduced and oxidized (sulfoxide) 







photo 
forms, The spectral characteristics depend on the nature of the 








‘a po substitution in the 2 position of the phenothiazine ring. The 
ther ban reduced phenothiazines can be distinguished from the corres- 
ne signs ponding sulfoxides on the basis of flourescence spectra, With 
P~202, thioridazine it has been possible to determine concentration 
| a as low as 0.05 ug./g. sample, Following administration of thio 





ridazine to humans, it was found that peak blood levels were 
attained in approximately 4-6 hours. Blood levels were essenti- 







d-ampht. ally linearly proportional to dosage. The method has also been 

in the applied to the determination of thioridazine in the tissues of 

}, 1960), rats, Determinations were carried out on lung, liver, heart, 
we brain, muscle, fat and blood, The highest concentrations were 






found in the lungs and lowest in blood, Uptake of thioridazine 












































an by the tissues appeared to be very rapid, In our hands the 
flourimetric method is superior to other methods, 
nacology Pharmacology 
AMINE- EFFECT OF DRUGS ON MAINTENANCE OF EXPLORATORY BEHAVIOR IN 
ND MICE. E. N. Greenblatt* and A. C. optereery Exp. Therap. 
chnick,  Res., Lederle Div., American Cyanamid Co., 1 River, N. Y. 
“Corp., Normal mice when placed into an actophotometer initially 
display a high rate of motor activity attributed to "explora- 
mide, tory behavior." If the mice are allowed to remain in the 
i actophotometer for a short period of time there is a reduction 
y for of activity. In these laboratories prevention of the decrease 
volving in behavioral activity is currently being used as one of the 
ur screening and evaluation procedures for antidepressant agents. 
our Screening is accomplished by placing grouped mice into an 
ments actophotometer for 20 min., and the counts for two 5 min. pe- 
1 one riods are recorded. The activity during the first (0-5) min. 
).05) period is compared to that of the fourth (15-20) min. period. 
or A 2 stage sequential analysis has been developed to select 
cant agents which significantly maintain a high rate of motor ac- 
8 Ob- tivity for 20 min. The following agents significantly main- 
pes tained but did not increase the motor activity at the doses 
765 employed: ephedrine, caffeine, dl-amphetamine, morphine, 
ively, methamphetamine, pipradrol, pentylenetetrazol, iproniazid, 
(5-Ht) § nialamide and phenelzine. The following agents did not main- 
re- tain activity: picrotoxin, cocaine, deanol, strychnine, mes- 
ls of caline, bemegride, nikethamide, imipramine, 6-phenylisopropyl- 
spectit hydrazine and isocarboxazid. Dose response lines are shown 
for dl-amphetamine, methylphenidate, iproniazid and nialamide. 
cology Pharmacology 
E CAT. METHODS OF DETECTING BEHAVIORAL EFFECTS OF MORPHINE IN 
cology @ RATS. R. E. Edwards.* Sterling-Winthrop Research 
Institute, Rensselaer, New York. 
pra lly The effort an individual is willing to exert to tem- 
f porarily relieve a mild, steady state of discomfort may 
Le offer a more sensitive means of detecting behavioral 
a lant effects of narcotics than procedures involving sharp pain. 
withy § Effective doses of morphine for rats tested on five pro- 
ic~ cedures, dif ‘ering in the amount of training required to 
re wake an appropriate response and in the intensity of the 
of reinforcement used, ranged from 0.37 + 0.17 mg/kg for 
conditioned approach (where the water-deprived, trained 
/g tat operates a lever to obtain a drop of water whenever a 
) sec. signal is presented) to 5.9 + 0.9 for the D'Amour- 
ngs Saith test (where an untrained rat flicks his tail out of 
An the beam of a heat lamp). Morphine at 4.0 mg/kg in the 
seeh @ conditioned avoidance situation (in which the rat re- 
ceives an electric shock for failure to respond at the 
, appropriate time) impairs performance to a similar degree 
ao as 0.5 mg/kg in conditioned approach, but has a longer ap- 
Parent duration of action, probably because of shock- 
: induced fatigue. The more primitive the required res- 





ponse, and the more intense the discomfort resulting 
from failure to respond, the larger was the dose of 
Sorphine required to abolish relief-seeking behavior. 
















Pharmacology 


SELF-MAINTAINED MORPHINE "ADDICTION" -- A METHOD FOR CHRONIC 
PROGRAMMED INTRAVENOUS INJECTIONS IN UNRESTRAINED RATS. 
James R. Weeks, The Upjohn Company, Kalamazoo, Michigan, 
Repeated intravenous injections were given to rats auto- 
matically for about two weeks by using a small harness con- 
sisting of a metal "saddle" strapped around the chest just 
behind the forelegs. A wire "collar" around the neck prevent- 
ed gnawing of the harness strap. The saddle was connected to 
a miniature swivel at the top of the cage by sprocket chain 
thus permitting free movement. Injection was through a poly- 
ethylene cannula with the tip in the right auricle. Other 
sites in the rat did not remain functional more than a few 
days. During 5 days, morphine sulfate was given hourly in 
doses increasing logarithmically from 2 to 40 mg/kg (of the 
base). A syringe driver was constructed whereby the advance 
of the plunger was controlled by a program on 16 mm film. 
Tolerance to morphine was such that there was never overt 
depression, but sometimes evidence of stimulation. Automatic 
injections were discontinued, and the rat offered a bar which, 
when pressed, delivered a fixed dose of morphine. After a few 
hours, most rats then began self administration of morphine. 
Subsequently, abrupt withdrawal by disconnecting the syringe 
driver grea ly increased pressing rate for about a day. 






Pharmacology 


THRESHOLD DOSES OF LYSERGIC ACID DIETHYLAMIDE, A METHOD FOR 
EXPLORING ANTAGONISM OF THIS DRUG BY OTHER AGENTS, Henry B. 
Murphree*, Roy H. Dippy*, Carl C. Pfeiffer, and Harry L. 
Williams, Dept. of Pharmacology, Emory Univ., Atlanta, Ga. and 
New Jersey Neuropsychiatric Inst., Princeton,NJ. 

Numerous reports have appeared of agents said to antagonize 
the effects of lysergic acid diethylamide (LSD-25) in humans 
and experimental animals. A variety of approaches has been 
utilized. These have seldom been blind or double-blind. Fre- 
quently, experimental controls have been absent, and the re- 
sults have been dependent upon some kind of subjective scaling, 
An assay method is proposed which utilizes double-blind deter- 
minations of threshold doses and their alteration by possible 
antagonists. This red the r of the subject to an 
either/or choice and minimizes cuing by the observer. Normal 
human subjects were employed. They had been carefully trained 
to recognize the effects of LSD and other drugs which affect 
behavior. They were given small doses of LSD or blank in a 
randomized schedule. Their threshold for perception of LSD 
was 20 wg or 295 mig/Kg (P<0.05). Chlorpromazine in a dose of 
25 mg given simultaneously did not raise this threshold 
(P<0.02). Indeed, it enables the subjects to recognize 15 ug 
(P<0.02). Phenoxybenzamine is also being studied. 











Pharmacology 
A PROCEDURE FOR OBSERVING THE TIME COURSE OF DRUG EFFECTS ON 
OPERANT BEHAVIOR. Francis Mechner* and Lawrence Guevrekian*, 
Dept. of Neuropharmacology, Schering Corp., Bloomfield, N.J. 
This procedure attempts to overcome the problem of base- 
line instability usually encountered in measuring the time 
course of drug effects on conditioned operant behavior. The 
rat is placed in the testing situation for 4 hours and 48 
minutes. This session is divided into twelve 24-minute 
cycles, with drug always administered after the fourth cycle. 
At the beginning of each cycle, the rat receives food for 5 
minutes. During the remaining 19 minutes, it works at the 
conditioned performance until 70 liquid reinforcements (0.01 - 
-O4 ml. per presentation) have been earned. This number is 
generally a sufficient sample for a reliable reading. After 
the 70th reinforcement (which most animals earn within 15 
minutes), the equipment is shut off. until the beginning of 
the next cycle to prevent early satiation and conserve thirst 
for succeeding cycles. The regular scheduling of 5-minute 
eating periods prevents the recorded performance from being 
unpredictably disrupted by "snacks". The animals also have 
& supplemental period of ad lib access to food and water 5 
hours after the emi of the session. The effectiveness of this 
procedure with a variety of performances will be illustrated 
for perphenazine, imipramine, meprobamate, methaminodiaze- 
poxide, and methamphetamine. 
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Physiology 
GROSS EFFECTS OF X-RAY ON RABBIT EMBRYOS IRRADIATED 


BEFORE IMPLANTATION. Ottilie R. Inman,* C. R. 
Yerkivee, M.D.* and lgreiet Eylender.é Galesburg 

tate Research and Galesburg Cottage Hosps., 
Galesburg, I1l. 

Pregnant rabbits 3 days of gestation received 
150 or 200 r. X-ray to the right uterine horn. Em- 
bryos were recovered at 93 days, littermates from 
the untreated left horn serving as controls. X-ray 
at either dosage level doubled pre-implantation mor- 
tality. Mortality between implantation and 93 days 
was unaffected by 150 r., but slightly increased by 
200 r. Growth retardation of more than 20% affects 
about a third of the embryos treated with 150 r. and 
about two-thirds of those receiving 200 r. Striking 
anemia of the embryo and defective vitelline vascu- 
larization are frequently observed. In a large num- 
ber, the allantois has failed to make contact with 
the uterus. Disproportionately small forebrain and 
persistent medullary plate can be distinguished 
grossly in some instances. Histological study will 
follow. Conclusion: Pelvic X-ray in very early 
pregnancy may result in prenatal mortality or ir 
stunted and malformed offspring. 





Pathology 


THE REDUCTION OF FETAL MORTALITY AND MALFORMATION FROM X- 
IRRADIATION BY THE USE OF THE UTERINE VASCULAR CLAMPING TECH- 
NIQUE. Robert L. Brent, John B. Franklin* and Booker T. 
Bolden*. Jefferson Medical College, Philadelphia, Pa. 

Vascular clamping of the pregnant rat uterus produces 
severe congenital malformations (Brent and Franklin, Science 
132:89, 1960). In an effort to determine whether the metabo- 
lic environment induced by clamping the circulation to the 
pregnant uterus is protective or additive to the teratogenic 
effect of other agents, vascular clamping was combined with 
various teratogenic stresses. Pregnant rats were anesthetized 
on the 8th day of gestation with pentobarbital. Forty-five 
minutes prior to irradiation, one horn of the uterus was 
clamped at the cervical and ovarian ends. This time period 
was chosen because the incidence of fetal death and malforma- 
tion was extremely low from the clamping procedure alone. 
Both horns of the uterus were irradiated. There were four ex- 
perimental groups consisting of laparotomy, clamping plus 1) 
no irradiation, 2) 100 r, 3) 150 r and 4) 200 r. The results 
indicated that 45 minutes of clamping the uterus had protected 
against the teratogenic, growth retarding and lethal effects 
of embryonic irradiation. The embryos that had been clamped 
and irradiated had a lower incidence of malformations, a 
lower mortality rate and a greater average weight than their 
irradiated counterparts. 


311 RADIATION—Ionizing 
Physiology 


THE EFFECTS OF X-IRRADIATION ON THE KINETIC, 
SEDIMENTATION AND FLUORESCENT PROPERTIES OF 
GLUTAMIC DEHYDROGENASE. S. J. Adelstein, * Harvard 
Medical School, Boston, Mass. 

The effects of x-irradiation on the Michaelis constants 
and maximum velocities of glutamic dehydrogenase have 
been studied in dilute solution. The Michaelis constants are 
increased and the maximum velocities are decreased with 
respect to the substrates, while the maximum velocities are 
decreased only with respect to the coenzymes. The changes 
in kinetic parameters are consistent with the formation of 
at least two distinct enzyme species. 
tion of the enzyme the main protein peak observed with the 
ultracentrifuge is reduced and slower sedimenting material 
is produced. The reduction in the main component is 
coincident with a decrease in maximum velocity. Irradia- 
tion also reduces the capacity of the enzyme to enhance the 
fluorescence of DPNH. The loss of this property parallels 
the reduction in maximum velocity. These observations 
suggest that alterations in the protein micro-structure are 
the proximate cause for changes in enzyme activity. 


In addition, on irradia- 





Physiology 

EFFECT OF X-IRRADIATION ON ANESTHESIA PRODUCED IN RATS By 
SODIUM PENTOBARBITAL GIVEN ORALLY OR INTRAPERITONEALLY. : 
R. Noonan and Frank V. Keary*, Dept. of Radiation Biology, 
Univ. of Rochester School of Med. and Dent., Rochester, Wy, 

The response of female albino rats to standard doses of 
sodium pentobarbital was measured using time required to loge 
and to regain the righting reflex as a measure of anesthetic 
effect. Exposure to 800 r of whole-body X-irradiation did 
not alter this response when the drug was given intraperi- 
toneally. When the drug was given by stomach tube, X-ray e& 
posures of 800 r and less resulted in lessened anesthetic ac. 
tion of the drug. Recovery from this effect was more rapid 
with smaller doses of X-rays. Reduction of anesthetic effect 
was also produced by irradiation of the body below the dia- 
phragm. It is probable that the effects noted are the result 
of increased gastric emptying time. (This paper is based on 
work performed under contract with the U. S. Atomic Energy 
Commission at the University of Rochester Atomic Energy 
Project). 





Biochemistry 
RADIATION STABILITY OF AMINO ACIDS AND PEPTIDES. Bert M. 
Tolbert and Marie H. Krinks.* Chem. Dept., Univ. of Colo, 
Boulder, Colo. 

Pure, dry, in vacuo amino acids and peptides were irradiated 
with cesium-137 gamma rays. The irradiated compounds were 
purified on ion exchange columns and remaining amino acids ani 
peptides analyzed witha quantitative ninhydrin assay to deter- 
mine radiation stability. The peptides were also analyzed for 
comparative amino acid residue stability by hydrolysis of the 
irradiated peptide followed by amino acid assay. The stability 
of the D & L forms of serine and leucine are the same but the 
DL forms are different. Glutamic acid, aspartic acid, alanine 
and glycine are very stable to ionizing radiation. Leucine is 
very sensitive to radiation and may decompose by a chain re- 
action. Phenylalanine is not unusually stable although this 
might be expected from the aromatic ring. The stability of a 
amino acid residue in a peptide is not the same as that for th 
free amino acid. Comparative residue stabilities are discussed 
in terms of excitation energy transfer along the peptide chain. 
(Supported by a grant from the A.E.C.) 





Biochemistry 


EFFECTS OF GAMMA RADIATION ON CELLULOSE. Russell A. Van Dyke*, 
Bert M. Tolbert and Theodore E. Friedemann. Dept. of Chem., 
Univ. of Colo., Boulder, Colo. 

Dried cellulose from a origins has been irradiated in 


vacuo with graded doses (10 - 10~ e.v.) of cs)? gamma rays. 
The irradiated and control samples have been studied using 
physical and chemical techniques. The degree of polymerization 
(D.P.) has been studied by means of viscosity measurements. A 
G(scissions) value of 2.5 has been obtained. This corresponds 
to 40 e.v. per break in the cellulose chain and this value re- 
mains remarkably constant over a wide range of radiation devels 
and molecular sizes with only a small increase at higher levels. 
To obtain a more accurate relationship between intrinsic vis- 
cosity and molecular weight, light scattering measurements have 
been used to determine the molecular weight at various radia- 
tion levels and a constant, K, determined for the formula 
[7] = KM“ Mass spectrometer data demonstrate the formation @ 
Hes CO, and CO,. Infrared analysis shows that a new group is 


formed at 1730 cm corresponding to an aldehyde group. The 
increase in reducing power parallels the reduction in viscosity: 
Chromatographic analysis and carboxyl group determinations have 
also been performed. It-is intended that these studies will 
give some insight to the type and extent of breaks occurring 
during irradiation. (Supported by a grant from the N.1.H.) 
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Pharmacology 


Y-IRRADIATION AND INTESTINAL GANGLIA, Thomas J. Haley, N. 
Komesu* and A. M. Flesher*. Dept. of Biophysics and Nuclear 
Medicine, Univ. of Calif., Los Angeles, 

X-irradiation produces an increased intestinal tone which 
has been attributed to a direct effect on the enteric ganglia 
or to stimulation of the vagal center in the CNS. Studies 
were made with the Trendelenburg preparation to ascertain 
isolated intestinal responses to ganglionic blockers and 
antispasmodic drugs pre- and post-irradiation. No signifi- 
cant differences were observed in the responses to hexame- 
thonium chloride, chlorisondamine chloride, SU-1194, Pen- 
diomide, atropine sulfate or methantheline bromide obtained 
prior to or for three days post-irradiation. Furthermore, 
there were no significant differences in the amounts of 
acetylcholine secreted by irradiated and non-irradiated in- 
testine during this time interval. Thus it appears that the 
tonus change produced by radiation on the intestine is of 
central and not peripheral origin. (This article is based 
on work performed under Contract AT-(04-1)-GEN-12 between 
the Atomic Energy Commission and the Univ. of Calif. at 
Los Angeles.) 


Pathology 


RADIATION INDUCED CARDIO-PULMONARY DYSFUNCTION IN DOGS. 

Sol M. Michaelson,* William J. Quinlan, Jr.,* Bernard 
Schreiner,* Roderick A. E. Thomson,* Marylou Ingram,* Carl L. 
Hansen, Jr., Lt. Col., USAF and Joe W. Howland. University 
of Rochester, Rochester, New York. 

Radiation pneumonitis and pulmonary fibrosis have been 
described after therapeutic irradiation over the chest in man, 
and have been experimentally induced in laboratory animals. 
Pulmonary function in these cases has not been extensively 
investigated. Use of the dog permits clinical and physiologic 
evaluation not feasible in rodents. Irradiation of the upper 
body of beagles with 1,000 KVP x-rays results in early pul- 
monary dysfunction. Defective thermal regulation is evident 
when these animals are subjected to increased environmental 
temperature or microwave heating. Tachypnea at rest with 
marked hyperventilation on exercise is noted as early as 7 
nonths following 1750 r MTD (midline tissue dose) and 9 maths 
after 1500 r MTD. As the condition progresses, arterial 
oxygen saturation is reduced. Death occurs 10 months after 
1750 r and 11 months after 1500 r MTD. Necropsy reveals 
cardiac and pulmonary lesions. (Work performed under con- 
tract with the U. S. Atomic Energy Commission and Defense 
Atomic Support Agency at the University of Rochester Atomic 
Energy Project, Rochester, New York. ) 











Pathology 


AMINO ACID EXCRETION IN HUMANS EXPOSED TO LARGE DOSES OF X- 
IRRADIATION, Frank M, Ganis*, Malcolm W. Hendrickson, Thomas 
D. Brown, Patrick D. Giunta*, and Joe W. Howland. Department 
of Radiation Biology, University of Rochester, Schoo! of Med- 
icine and Dentistry, Rochester, New York. 

Six technicians accidentally exposed to partial body ra- 
diation while servicing a Klystron tube at a radar installa- 
tion were hospitalized for medical observations, Serial 24- 
hour urines were collected and frozen, After thawing, the 
urines were desalted and analyzed for amino acids by paper 
chromatography. Qualitative and quantitative analysis re- 
vealed an increased aminoaciduria with particular abnormality 
in the excretion of cystine, histidine, proline, and trypto~ 
Phane, It was noted that the aminoaciduria occurred in three 
waves of decreasing intensity, which paralleled the waves of 
Skin erythema observed in these patients, (This paper is 
based on work performed under contract with the United States 
Atomic Energy Commission at the University of Rochester Atomic 
Energy Project, Rochester, New York.) 











312 RADIATION—Isotope Technics 
Pharmacology 


DETERMINATION OF TRITIUM AND cl+ IN BIOLOGICAL SAMPLES BY 
RAPID COMBUSTION TECHNIQUES. D. Buyske,* E. Peets,* 
J. Florini,* S. Gordon* and R. Kelly.* Depts. of Pharm. Res. 
and Biochem. Res., Lederle Laboratories, Pearl River, N. Y. 
A practical method of determining bpd yd and C~" in any 
biological sample is by combustion to C 2 and tritium en- 
riched water, and then measuring the radioactivity by liquid 
scintillation. Samples up to 300 mg dry weight are combusted 
in an oxygen LS oprtn angaly in a heavy glass walled Erylenmeyer 
flask. The Hs from a combustion is trapped as ice and 
counted in an ethanol-toluene phosphor while carbon dioxide 
is absorbed by hyamine hydroxide in methanol and counted in 
toluene phosphor solution. By the use of several 2 liter 
flasks, 10 to 15 samples per hour are determined. Samples 
of 300 mg to 2000 mg dry weight are combusted in a simple 
furnace of special design. Three samples can be determined 
simultaneously during the 45 minutes required for heating 
and cooling. The two methods are complementary and cover 
the range of sample size (up to 2000 mg dry weight) rarely 
exceeded in biological studies. Recovery of radioactivity 
by either procedure is 95+%. 








313 RADIATION—Protection 
Physiology 


BONE MARROW AND SPLENIC AUTOGRAFTS IN THE 
TREATMENT OF ACUTE RADIATION IN DOGS, R.C. 
Lillehei*, J. K. Longerbeam*, and S. Hilal*, Dept. Surg., 
Univ. Minnesota Med. Sch., Minneapolis. 

The authors have developed technics whereby adult dogs 
can regularly be protected against lethal total body radiation 
(TBR) with intravenous autografts of either bone marrow or 
splenic homogenates. In addition, with such autografts it 
has also been possible to protect dogs against supralethal 
doses of TBR ranging as high as 1000 r so far. The protec- 
tive effect of either of these tissues appears directly propor- 
tional to the number of viable cells which are injected. These 
data suggest that the mature lymphocytes of the adult spleen 
may indeed have the atavistic potential to revert to the cell 
types necessary to repopulate the bone marrow and reticulo- 
endothelial systems; thus these lymphocytes may perform 
the same function as the blast cells of the bone marrow auto- 
graft. Probable reasons for the inability of many investi- 
gators to demonstrate this protective action of bone marrow 
or splenic autografts against lethal or supralethal TBR in 
dogs will be discussed. (Support - USPHS) 


Physiology 


THE EFFECTS OF B-AMINOETHYLISOTHIURONIUM (AET) AND 

P-AMINOPROPIOPHENONE ON THE '"'NON-RECUPERABLE" 

FRACTION OF INJURY DUE TO X~IRRADIATION. John R. 

Newsome* and Richard R. Overman. Dept. o in. 
ysiol., Univ. of Tenn., Memphis, Tenn. 

Animals subjected to sublethal doses of x- 
irradiation appear to recover to a state of 
normalcy. However, a “non-recuperable" injury 
manifests itself upon subsequent exposure to 
successive sublethal doses of x-irradiation. An 
investigation was made to determine the effects of 
a combination of AET and PAPP on this "non- 
recuperable" injury. Ten mongrel dogs were 
exposed to 265r, approximately an LD 10/30 for 
dogs. Recovery was complete in 26 to 50 days 
omens the peripheral blood picture as an indicator. 
All five control animals expired after the second 
or third such exposure. The five animals receiv- 
ing 75 mg/kg ABT plus 2.5 mg/kg PAPP survived ten 
successive exposures to 265r, an additive dose of 
2,650r. 





























































Pharmacology 


TYE EFFECT OF M“eRCAPTOETHYLGUANIDINE OR ITS DISULFIDE ON 
P*"0, INCORPORATION INTO CULTURED L CELLS FOLLOWING X-IRRA- 
D ON. K th W. F *, R. W. Whitehead and David M. 

«* From Depts. of Radiology & Pharmacology. Univ. of 
Colo Medical Center, Denver, Colorado. 

P*'0, incorporation into the cellular phosphate fractions 
of cult L cells was followed at various intervals after 
exposure of the cells to mercaptoethylguanidine or its 
disulfide with and without x-irradiation (500 r). ‘The meta- 
bolic pattern obtained, indicated that the synthesis of all 
macromolecular components was reduced when the agents were in 
contact with the cells either before or after x-irradiation. 

The concentration of agents used for the 30 min. incuba- 
tion before x-irradiation is the same as that which will 
produce a six to ten fold increase in reproductive viability 
of cultured cells following x-irradiation. It is suggested 
that the recovery from radiation damage is facilitated by 
a retardation of metabolism which prevents comditions of 
“unbalanced growth" from killing the cells before recovery 
can be accomplished. (Supported by grant #AT(11-1)-394 
from the Atomic Energy Commission. ) 


Pharmacology 
REDUCTION OF RADIATION MORTALITY OF GUINEA PIGS BY POST~IRRA- 


DIATION TREATMENT WITH CELL-FREE DOG SPLEEN EXTRACT, F. Ellin- 
r, S. Katz*, T. A. Strike”, B._F-_Lanisley Lindsley*. Division of 
ology and Radiation Biology, Na’ cal Research 





Institute, Bethesda, Maryland. 

In previous studies the radiation protective effect of 
homologous and heterologous cell-free extracts from spleens 
of mice and guinea pigs was demonstrated (for lit. see Fed. 
Proc., Vol. 19, No. 1, 1960), indicating a common principle 
responsible for the protective effect. In order to obtain 
an adequate supply of spleen extracts necessary for isolation 
of this principle, a study using extracts made from a large 
animal species (dog) was undertaken. Post-irradiation treat- 
ment of guinea pigs with daily injections of cell-free dog 
spleen extracts each corresponding to more than 1400 mg 
spleen equivalent for 5 days, resulted in a definite reduc- 
tion of radiation mortality /spleen treated: 16 out of 30, 
saline controls: 7 out of animals alive at 20 days (Xe = 
5.711, P< .02)/. Surgical removal of the spleens from donor 
animals after ligation of the hilus vessels yielded the most 
potent extracts. Killing of donor animals by bleeding re- 
duced the potency of extracts. Further data on preparation 
of dog spleen extracts and preliminary observations on the 
effect of dialysis on extract potency will be presented. 


Pharmacology 


STUDIES ON THE RADIOPROTECTIVE EFFECT OF SEROTONIN IN MICE. 
and B. J. Tricoux, U. S. Air Force Radiation Lab., 
Univ. of Chicago, Chicago, Ill. 

Pretreatment with serotonin (90 mg/kg IP) increased the 
IDgq (30-day) for whole-body x-irradiation in CF, male mice 
from 542 r to 880 r. External warming of the animals to pre- 
vent the hypothermic effect of the drug did not reduce the 
radioprotective effect but increasing the oxygen pressure to 
5 atmospheres during the radiation exposure markedly reduced 
the number of 30-day survivors. Measurements of the tissue 
oxygen tension in serotonin-treated animals by means of a 
modified polarographic method revealed a marked and sustained 
decrease in the oxygen tension of the spleen, bone marrow and 
muscle and a decrease of shorter duration in the oxygen 
tension of the liver and kidney. Lysergic acid diethylamide 
blocked these effects. This drug, as well as other serotonin 
antagonists, ergot derivatives and agents which block the 
smooth muscle receptors, decreased the radioprotective effect 
of serotonin in x-rayed mice. The repeated daily injection 
of serotonin at increasing dosage levels permits mice to 
tolerate over 500 day yet these animals do not ex- 
hibit an increased resistance to x-ray exposure. These 


studies suggest that the pharmacologic properties of serotonin 


are essential for its radioprotective effect and that this is 
probably due to the production of anoxia in critical organs. 





RADIOPROTECTIVE EFFECTS OF DITHIOOXAMIDE DERIVATIVES IN Micg, 
Ve Je Plaak* and J. Doull. U. S. Air Force Radiation Lab, 
Univ. of Chicago, Chicago, Ill. 

The marked radioprotective activity of mercaptoethy’ 
cysteine and 2-aminoethylisothiuronium suggested that other 
compounds containing an N-C-C-S configuration might reduce © 
the lethal effects of x-ray exnosure in animals. Among the — 
compounds tested were various N,N'-disubstituted derivatives 
of dithiooxamide. The compounds were dissolved in water or 
in propylene glycol and, following preliminary toxicity 
studies to determne suitable dosage levels, were injected 
into groups of 10 male CF, mice which were then exposed to 
a lethal dose (800 r) of whole-body x-irradiation. Mortality 
and weight loss were followed for 30 days. All of the ir. 
radiated control mice (vehicle only) were dead by the lith 
post-irradiation day and the median survival time (ST5o) wag 
9*2 days. Prolongation of the STcg and 30-day survivors wer 
obtained following the inehanhbbatien of N,N'-bis(hydroxy- 
ethyl) dithiooxamide (200 mg/kg), N,N'-bis(carboxymethy1)- 
dithiooxamide (100 mg/kg), N,N'-dimethyldithiooxamide (50 
mg/kg) and N,N'-didodecyldithiooxamide (50 mg/kg). The 
greatest protective effect was obtained with the hydroxy- 
ethyl derivative which permitted 50% of the mce to survive 
the lethal x-ray exposure. Dithiooxamide itself and several 
cyclic derivatives were ineffective. 


Pharmacology 


EFFECT OF 2-AMINOETHYLISOTHIOURONIUM (AET) BROMIDE HYDRO- 
BROMIDE ON THE INCORPORATION OF THYMIDINE -H? INTO DNA. 
Ji®f Fiala. Dept. of Pharmacology, The George Washington 
Univ., Washington, D. C. 

The highly specific effects of radiation on the synthe- 
sis of DNA offered the opportunity to study the action of 
the radioprotective drug AET in vivo. Twelve-week old 
Bagg Swiss albino male mice were irradiated with 500 r 
in one whole body dose. Groups of mice received 450 mg/kg 
of AET 10 minutes before the X-irradiation treatment, while 
others served as controls with and without radiation. 
Labeled thymidine was administered at selected times after 
irradiation. The amount and sites of incorporation of 
label were evaluated by autoradiograms in the nuclei of 
small intestine, spleen, thymus and testicles. AET pro- 
duced no effect on labeling in unirradiated animals. 
Radiation inhibited almost completely the labeling of all 
nuclei for at least four hours. In all tissue except 
thymus AET treatment led to partial recovery of isotope up- 
take after approximately 4 to 8 hours, and was more exten- 
sive than in radiated control cells where recovery began 
at 8 to 32 hours. Three days after the radiation, the 
radioactivity of the nuclei was usually greater than that 
of unirradiated tissues. 


Pathology 


POSTIRRADIATION TREATMENT OF MICE WITH A PSEUDOMONAS PYROGEN. 
E. John Ainsworth*® Div. of Biol. and Med. Res., Argonne Natl. 
Lab., Argonne, I11. 

Radiation protection stvdies with Pseudomonas pyrogen have 
been extended with particular emphasis on effective treatment 
following X-irradiation. In contrast to preirradiation treat 
ment, which is effective at radiation doses in excess of 
levels, postirradiation treatment is effective principally 
“f near midlethal levels and diminishes rapidly as the radi- 
ation dose exceeds the minimal LDjo9 level. Pyrogen dose, 
time of injection, and the endogenous bacterial flora of the 
irradiated animal exert a marked effect on the extent to which” 
mortality is reduced. At 700 r, LDos, treatment with 50 ug 
of pyrogen 24 hours after irradiation decreases mortality by 
40-60%, which is considerably in excess of the protection 
afforded by streptomycin therapy. Combined treatment with 
pyrogen and streptomycin produces no greater reduction of 
mortality than does pyrogen alone. (Work performed under the 
auspices of the U. S. Atomic Energy Commission) 
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Physiology 
THERMISTOR SYSTEM FOR MEASURING THERMAL 
GRADIENTS. Alice M, Stoll, Aviation Medical Acceleration 
Lab., U.S. Naval Air Development Center, Johnsville, Pa. 

The apparatus consists of matched bead thermistors 

(0.015 inch diameter) arranged in a bridge circuit which 
permits direct measurements of thermal gradients between 
the thermistor sites in addition to absolute temperatures at 
each site. It is calibrated at present to provide absolute 
temperatures between 24 and 60°C and direct readings of 
gradients within + 2.5°C of the absolute temperature with an 
accuracy of 0. 025°C throughout the range of calibration. A 
computation system derived from calibration data on the 
systematic variation of both thermistors with temperature 
level and difference permits measurements to be obtained 
without referencing individual readings to families of cali- 
bration curves. The system is designed for incorporation 
in a simulation of human skin for measurements of gradients 
developed during thermal irradiation. Modifications are 
now in progress to permit use of thermistors 10 microns 
thick to adapt the system specifically to this use. However, 
the thermistor set-up and the calibration system may be of 
general usefulness in many gradient-measuring applications. 


Physiology 


MICROWAVE HEATING OF THE HUMAN SKIN, E.Hendler* and J.D.Hardy. 
Air Crew Equipment Lab., Naval Air Material Ctr. and Univ. of 
Pa., Fhiladelphia, Pa. 

To determine the heating effects of 3-cm microwaves under 
free-field conditions, a central, forehead area of 4 subjects 
was exposed through an aperture while skin temperature changes 
were continuously recorded using a radiometer. Microwave in- 
tensity at the location occupied by the subject's forehead was 
measured using a water-filled calorimeter. The calorimeter 
consisted essentially of a circular methylmethracylate chamber 
having a thin plastic cover through which the incident energy 
entered to be absorbed by a 5 mm water layer. A coil of fine 
constantan wire was placed in the water layer and heated by a 
DC current to determine the thermal dissipation constant of the 
calorimeter. Irradiation of the calorimeter using the micro- 
wave energy was carried out for each of various intensity 
levels as measured by a test meter connected to the waveguide. 
A linear relationship was found between the intensity of free- 
field energy absorbed by the calorimeter and that measured 
within the waveguide. The skin temperature increased linearly 
with increasing levels of absorbed microwave energy. The ab- 
sorption coefficient for 3-cm microwaves was calculated from 
the measured values of energy absorption and skin temperature 
rise as 7.0t1.2 cm-l. This value is in agreement with the 
absorption coefficient as calculated from the values of dielec- 
tric constant and specific electrical resistance of the skin. 


Immunology 


STANDARDIZED ALCOHOL FLAME BURNS IN MICE 
Charles L. Fox, Jr., Dept. Microbiology & Surgery, Columbia 
Univ., First Surgical Division, Bellevue Hospital, New York. 

Studies with monkeys [SGO Feb. 1961] showed that flash 
burns differ significantly from scalds used for studying 
thermal trauma and that fluid therapy is relatively ineffec- 
tual. Accordingly, to facilitate studies of the more common 
flame burns, efforts were made to standardize flame burns in 
mice as follows: Ethyl alcohol (95%) was applied to the 
lateral trunk of anesthetized mice. A localized area of 
exposure was formed by pressing a‘sheet of asbestos with a 
2.5xl cm aperture against the shaven skin. The alcohol was 
burned in varying numbers of areas for definite intervals. 

An injury fatal in from 3-12 hours resulted after burning 

3-6 such areas for 15 sec. each. Thus fatalities resulted 
after considerably less body surface involvement than the 

65% required for the fatal scald at 70°C. The burned regions 
appear slightly brown immediately and are inelastic, indur- 
ated, and thicker than the adjacent tissue but extensive 
edema such as seen after the scald does not appear. Gmaller 
area burns which permit survival for many days become black 
and hard and are full-thickness. This burn is being util- 
ized to study the pathologic physiology and the possible role 
of histamine, burned skin antigens and toxins in burn shock. 

[Aided by NIH and DASA] 
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Physiology 
ALBUMIN METABOLISM IN THE LETHALLY IRRADIATED MOUSE. W. 
Friedberg and V. K. Jenkins*. Civil Aeromedical Research 
nstitute, Oklahoma Ys ahoma and Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 

In a study of albumin metabolism in mice that received 
950 roentgens of whole-body X-irradiation the fractional 
rate of poss of injected radioiodine labelled serum albumin 
(HSA-I 3 ) was found to be similar to that in normal con- 
trols, but the serum albumin consentrgycn was subnormal. 
The fractional rate of loss of HSA-I is the negative of 
the logarithmic slope of the whole-body radioactivity vs. 
time plot and the measurements were made | through 8 days 
after irradiation. The albumin concentration was measured 
on day 8. These results would seem to indicate that ex- 
cessive protein loss is not the cause of the decreased 
albumin concentration. An elevated plasma volume has 
previously been observed after whole-body irradiation 
(Supplee et al, 1952, Am. J. Physiol. 169:),83) and could 
account for the present results. Other possible explana- 
tions are reduced synthesis, or increased albumin loss 
during the first days after irradiation. A determination 
of the effect of radiation on the albumin pool size might 
resolve the problem. 


Physiology 


THE EFFECTS OF }. ICROWAVE IRRADIATION ON SPER ATOGENESIS AND 
CN ACCESSORY SEX ORGANS IN THE HALE ALRINO RAT. 

John Ae Thanas* and J» Ds. Thomsone Dept. of Physiol., State 
Unive of Iowa, Iowa City, Iowa. 

Scrotal irradiations of similar intratesticular 
temperature and duration generally caused greater testicular 
demage in animals exposed to 12.25 om microwaves than in 
infrared-exposed aninals. Exposure to microwaves at 
intratesticular temperatures of 35 and 36°C. exhibited more 
injurious lesions to germinal epitheliui than infrared- 
exposed aninals at the seme temperatures. Intraitestiouler 
temperature elevations to 37, 38, and 39°C. produded 
correspondingly greater lesionse Maximum damere to spermato- 
genic elements occurred two deys post-irradiation. 
Interstitial cells were more heat resistant than germinal 
epitheliune Fructose content of anterior prostate and cell 
heights of seminal vesicles were used as indices of 
androgenic activity of the gonads. Fructose content of the 
anterior prostate was relatively uninfluenced. Seminal 
vesicle cell heights exhibited maximum regression on the 
fourth day following sorotal exposuree No important 
morphological changes in epididymal sperm were noted. 
Supported in part by contract AF-41(657)113 fran the USAF. 





Physiology 


POST IRRADIATION LEUKOCYTE DYNAMICS IN THE X-IRRADIATED DOG, 
Moris L. Shore*, and A. K. Davis. U. S. Naval Radiological 
ense tory, San Francisco, California. 

Experiments were performed to elucidate the mechanisms 
that produce the profound leukopenia observed in the 
irradiated animal. Mongrel dogs were injected with H) thymi- 
dine. Seventy two hours later, an expe tal group was ir- 
radiated (300r 250 KVP X-rays), and a control group was sham 
irradiated. Blood samples were obtained at various time in- 
tervals up to 1; days after the H> thymidine administration. 
Polymorphonuclear leukocyte counts were obtained, and blood 
smears were prepared for autoradiographic analysis. Control 
animals showed a progressive increase in the number of cir- 
culating labeled cells, reaching a peak on days l-5 after H? 
thymidine administration. In contrast to the controls, an 
immediate and marked increase in labeled cells was observed 
in the peripheral circulation following X-irradiation. Our 
data suggest that an accelerated release of leukocytes from 
hematopoietic tissues contributes to the neutrophilia ob- 
served immediately after irradiation. The relation of these 
findings to the development of post irradiation leukopenia 
will be discussed. 





Physiology 


THE EFFECTS OF IN VITRO X-IRRADIATION OF THE MIGRATORY ACTIV- 
ITY OF HUMAN POLYMORPHONUCLEAR LEUCOCYTES. les K. L 

and in M hel*, Worcester Foundation for Experi- 
mental Biology, Shrewsbury, Mass. 

The disturbance of certain extra~muiclear functions has 
been suggested as a criterion for acute radiation damage in 
fully differentiated cells. The present report indicates that 
one such function, ameboid motion, is extremely insensitive as 
an indicator of acute irradiation damage. Heparinized venous 
blood, drawn into capillary tubes, was centrifuged into a 
basal layer of red cells, an intermediate "buffy coat" of leu- 
cocytes, and an uppermost layer of plasma. Blood was irradi- 
ated while at 2°C or 37° at doses ranging from 25 r to 
125,000 r. Irradiated and non-irradiated tubes were incubated 
overnight in a vertical position at 37°. The distance which 
the leucocytes migrated from the buffy coat into the clotted 
plasma was measured by means of an ocular micrometer ina 
microscope. No difference was noted in the migration of ir- 
radiated and non-irradiated leucocytes. Even doses which in- 
creased the osmotic fragility of erythrocytes (80,000 to 
100,000 r) left the ameboid capability of the leucocytes 
unimpaired, indicating the extreme insensitivity of this 
cellular function to x-irradiation. (Supported by U.S.A.E.C. 
Grant AT(30-1)-2518.) 


Biochemistry 


AMINO ACID CHANGES Pay MICE WITH GRAFTED HOMOLOGOUS BONE MARROW 
Arthur L. Kretchmar™ and Charles C. Congdon*. Med. Div. ORINS 
and Biol. Div. ORNL, Oak Ridge, Tenn. 

lethally irradiated mice protected by foreign-strain bone- 
marrow ce develop a secondary syndrome that ae 
alters protein metabolism. Accordingly, amino acids of liver, 
plasma and muscle were studied in such animals. Mice were 


given 900 r and 40 x 106 bone-marrow cells (isologous or 

homologous) and liver, muscle and plasma sampled 7, 12, 21 and 
35 days later. et 
tissues and of Spackman et al. 1958 for an 


The procedure of Tallan et al. 1954 for 
is of amino 


acids was used. Irradiatéd Mice and those sterved 3 days had 


lower threonine, serine, tyrosine and phenylalanine in liver 
and muscle; glycine was reduced 1/3, muscle-proline elevated 
and liver-glutamine decreased. X but not starvation 
resulted in increased arginine and glutamine in muscle. 
Injection of marrow cells allowed recovery of irradiated mice 
and the time-course of changes was followed. Glutamine and 
glutathione in liver, low initially, showed recovery after the 
12th day. Mice given homologous cells snowed a secondary 
decrease, however, and glycine and serine were low in their 
liver and plasma through 35 days. Changes found only in 
irradiated-treated mice; increase liver B-alanine and 
B-aminoisobutyric acid (12 days); and (mice given homologous 
cells) persistent increase in aspartic acid of liver. Except 
for aspartic acid no change occurring only in homologous 
chimeras was found. 


Under contract with USAEC. 


Biochemistry 
POLYUNSATURATED FATTY ACIDS IN YOUNG AND ADULT, 
NORMAL AND X-IRRADIATED RATS. John G. Coniglio, 
F. Bartow Culp* and James Davis*. Vanderbilt Medical 
School, Nashville, Tenn. 

Polyunsaturated fatty acids were determined, using 
techniques of gas chromatography and uv spectrophotometry 
following alkaline isomerization, in tissues of growing and 
adult normal and X-irradiated rats. In intestinal tissue 
there was a decrease in total amount of polyenes but not in 
concentration (% of total fatty acids) immediately following 
total-body X-irradiation. With recovery, normal values 
were re-established. Similar results were noted in spleen. 
Pentaenoic acids in gonadal tissue of normal rats increased 
in concentration from weanling to three months and remained 
at this level. In rats irradiated when weanlings the 
concentrations increased at a faster rate than in pair-fed 
controls. In some of these irradiated animals the tetraenes 
simultaneously decreased in concentration. No significant 
changes were observed in brain, liver or heart tissue of rats 
given 500r total body X-irradiation when weanlings and killed 
at 1 to 70 days post irradiation. (Supported by AEC Contract 
No. AT ( 40-1 )-1033). 








Matthew H. Block. 





Pharmacology 
ELECTRON MICROSCOPIC CHANGES IN RADIATED RAT INTESTINE, 
Detrick, H.C. Upham* and H. Latta*. Dept. of Biophysics ang 
Nuclear Medicine, Univ. of Calif., Los Angeles. 

Detrick et al (Radiation Research, 2,483,1955) demonstra. 
ted decreased intestinal glucose transport in radiated rats 
which persisted beyond epithelial recovery. Eight control 
and 28 radiated (525r) rat intestines were prepared for eles. 
tron microscopic study (Palay and Karlin, J. Biophys. Bioches, 
Cytol. 5,363,1959). Changes were sought in the absorptive 
cells to explain decreased function and delayed recovery, 
Control rat villi were normal. Radiated rat villi showed: | 
hr. to 1 day, epithelium present at radiation was unaffected 
except for a few vacuoles but edematous changes occurred in 
the lamina propria. On day 3, new, atypical epithelial cell, 
appeared in compact dehydrated villi. Days 4-6 showed intry- 


sive cells, some degeneration in some core cells, focal edem } 


and microscopic hemorrhage. On days 7-17 epithelial swelling 
vacuolization, mitochondrial destruction, degeneration and, 
cell death occurred in 3 per cent of the cells. Edema and 
hemorrhage persisted but cells in the lamina propria were nor. 
mal, Changes were of sufficient magnitude to explain in part 
decreased intestinal transport and delayed functional recoy- 
ery. (This article is based on work performed under Contract 
AT-(04-1)-GEN-12 between the Atomic Energy Commission and the 
Univ. of Calif. at Los Angeles.) 


Pharmacology 
THRESHOLD AND PATTERN OF ELECTROSHOCK CONYULSIONS AFTER Xe 
IRRADIATION IN THE RAT. Fred Rosenthal* and Paola S. Timiras, 
Department of Physiology, University 2f California, Berkeley, 
Brain functional changes after irradiation can occur at 
lower doses than structural changes. In this study, acute 
and chronic effects of a single dose of 500 r whole-body X- 
radiation on convulsions were determined. Fifty male adult 
rats were divided in: controls, electroshocked controls, 
irradiated controls, and electroshocked irradiated. Electro. 
shock seizure threshold (EST) was measured daily for one week 
post=-irradiation and weekly thereafter for three months. Hare 
imal electroshock seizure (MES) pattern and duration of post- 
ictal depression (PID) were measured 5, 15, 5 and 70 days 
post-irradiation., The main results are: 1) brain excitabil- 
ity was increased after irradiation as evidenced by a pro- 
gressive and prolonged fall in EST of -2% by ) hrs post-irre- 
diation, of -8% by 5 days; the EST remained significantly bee 
low control values for 3 months; 2) irradiated rats showed 
shorter MES with shorter clonus and‘longer tonic flexion than 
controls; 3) postictal depression lasted longer in irradiated 
than in control rats, These data indicate that relatively 
low X-ray concentrations in the environment can produce sig- 
nificant and durable changes in brain function characterized 
by increased excitability, decreased spread of excitation and 
delayed recovery processes (Supported by Contract from QMF&(l) 





Pathology 


MECHANISM OF RED CELL INCREASE FOLLOWING SPLENIC IRRADIATION 
IN CHRONIC MYELOGENOUS LEUKEMIA. Dwight J. Hotchkiss, Jr. ané 
Univ. of Colo. Med. Center, Denver, Colo. 
A decrease in white count associated with a decrease in 
unirradiated marrow granulocytic tissue has been reported 
following splenic irradiation in chronic myelogenous leukemia. 
To investigate the associated increase in red count, bone 
marrow sections, Cr2l-red cell volume and survival, and pe- 
ripheral blood were studied in 10 patients. In 8 of 10, the 
hemoglobin and reticulocyte count rose. Prior to treatment 
the bone marrow in these 8 was solidly cellular; erythro- 
blastic tissue was reduced. 24 hours after irradiation a 
moderate increase in erythroblastic tissue had occurred in & 
still hypercellular marrow. At 7 weeks after therapy, there 
was a marked increase in erythroblastic tissue associated with 
a decreased cellularity in the 5 instances biopsied serially. 
During therapy in 2 patients with marked splenomegaly, a 
red cell survival became normal and red cell volume increased 
as the spleen became smaller. In 3 patients with minimal 
splenomegaly, the red cell survival and volume were normal 
prior to and during therapy. Splenic irradiation causes an 
increase in erythropoiesis in the unirradiated marrow; in 
patients with marked splenomegaly, there is also a decrease i? 
red cell destruction. (Supported by grants from The Leukemia 
Society, Inc. and the U.S.P.H.S.) 
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Pathology 


EFFECT OF SUBTOTAL BODY SHIELDING ON THE TOTAL NUCLEATED CELL 
COUNT OF DIRECTLY IRRADIATED FEMORAL BONE MARROW. 
* RB, A, Fisken,* and Jean Peters,* Research 

Laboratories, Parke, Davis and Company, Ann Arbor, Michigan. 

Groups of 10 rats were anesthetized intravenously and sub- 
jected to gamma irradiation according to one of the following 
procedures: a) 750r totel body without shielding, b) 750r, 
g50r, and 950r with subtotal shielding, and c) 30r total body 
without shielding. Subtotal shielding consisted of shielding 
the entire rat, with the exception of the right lower extrem- 
ity, under four inches of lead. Following the irradiation 
procedure, those groups of rats which received 750r without 
shielding and 750r, 850r, and 950r with subtotal shielding 
were sacrificed at successive daily intervals for 6 consecu- 
tive days. Groups of rats receiving 30r were sacrificed only 
on days 2 and 3 following irradiation. At sacrifice the total 
nucleated cell count of one femur for the unshielded rats and 
of both shielded and exposed femurs of the subtotally shielded 
rats was determined. The degree of bone marrow damage in the 
irradiated femurs from the subtotally shielded rats was very 
much less at all irradiation doses than that observed follow- 
ing 750r total body irradiation and was no greater or even 
less than that which accompanies acute starvation in this 
species. (Work was done under A.E.C. Contract No. AT(11-1)- 


334). 


Pathology 


DEHYDROGENASE ACTIVITY IN LIVER AND SPLEEN OF RATS 
FOLLOWING WHOLE BODY X-IRRADIATION. E. Kivy- 
Rosenberg, and J. Cascarano.*New York University 
Medical Center, New York, N.Y. 

Possible changes in the level of activity of 
some dehydrogenase systems in the Krebs cycle (i.e., 
malic, succinic, isocitric) were investigated in 
the liver and spleen following whole body x-irra- 
diation (WBR). Young adult Carworth male rats were 
sacrificed prior to irradiation and at selected 
intervals (5-10 minutes, 2 hours, 1-7, 10, 14, 17, 
21, 28 days) following 650r WBR. Liver and spleen 
homogenates were assayed for malic, succinic, and 
isocitric dehydrogenases using 2-p-iodophenyl-3- 
p-nitrophenyl-5-phenyl tetrazolium chloride (INT) 
as the indicator. The quantity of formazan (reduced 
tetrazolium) was determined spectrophotometrically. 
In the case of both organs the activity of the 
three dehydrogenase systems was diminished follow- 
ing x-irradiation. Fall in activity was noted as 
early as 5-10 minutes after irradiation and per- 
sisted at lower levels up to at least 28 days 
(with a few rare exceptions). 





Immunology 


EXCRETION AND DISTRIBUTION OF Sc46 IN MAN AND ITS REMOVAL BY 
CHELATING AGENTS. B. Rosoff*, A. Feldstein*, E. Stevens* and 
H, Spencer*, Montefiore Hospital, New York. 

Studies of Sc46 were continued in man. This isotope is a 
by-product of atomic fission and fallout and has characteris- 
tics that suggest possible use in cancer therapy. Approxi- 
mately 70 to 80% Sc-EDTA and Sc-DTPA are excreted in 24 hours. 
In order to assay the effectiveness of chelating agents in 
temoving Sc46 from man, cancer patients received tracer doses 
of Sc46-NTA intravenously and starting 24 hours later, infu- 
sions of either Ca-EDTA or Ca-DTPA were given on 3 successive 
days. In another group, the chelate infusions were started 5 
days after the Sc*® injection. In both early and late removal 
of the isotope, Ca-DTPA proved to be more effective, increas- 
ing the urinary excretion about 20 times over the baseline, 
while Ca-EDTA gave a 5 to 10-fold increase. Since scandium is 
also excreted via the stool, attempts to influence the stool 
excretion will be discussed. Analysis of tissues after $c46 
injection shows that the highest uptake is in spleen, averag- 
ing 5 times as high as liver. Vertebrae and adrenals also 
contain substantial amounts of scandium. This high uptake in 
spleen, coupled with the fact that scandium leaves the blood 
telatively slowly, suggests its possible usefulness in the 
treatment of leukemia. (Supported by a grant from the U.S. 
Atomic Energy Commission.) 
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Physiology 


METABOLISM OF c-2# LABELED SUBSTRATES BY RABBIT KIDNEY CORTEX 
AND MEDULLA. James B. Lee*, Vernon K. Vance* and 

George F. Cahill, Jr. Peter Bent Brigham Hospital and 
Harvard Medical School, Boston, Mass. 

Slices of rabbit kidney cortex and medulla were incubated 
foy),90 minutes at 36°C in Krebs-Ringer-HCO3 buffer containing 
C-" labeled substrate, 10 mM/L. In addition to substrate 
disappearance and levels of glycogen and fatty acids, measure- 
ments were made of the amount of substrate recovered in C05, 
glycogen and fatty acids/gm. wet wt. tissue. Fructose, 
glucose, mannose, glycerol and sorbitol were metabolized to a 
significantly greater extent by cortex than medulla. 

Fructose incorporation into CO, (9.8 uM/gm.) and into fatty 
acids (0.013 HM/gm.) was twice that of glucose, mannose and 
sorbitol in cortex. With fructose an average of 37 UM of 
glucose was produced per gram cortical slices in contrast to 
the absence of glucose production by medulla. Prior to 
incubation, the concentration of glycogen in medulla was over 
twice that of cortex. This relationship was maintained only 
in the presence of glucose which showed a significantly 
greater incorporation into medullary glycogen than did the 
other substrates. No effect was observed on glucose abo- 
lism into CO,, fatty acids or glycogen with either 10~"M 
epinephrine or nor-epinephrine. 


Physiology 


EFFECT OF ORGANOMERCURIALS IN HYDRATED MAN. M. He Goldstein*, 
M. 3. Levitt, and A. D. Hauser*. Mt. Sinai Hosp., N.Y., N.Y. 
Organomercurials (meralluride, thiomerin, mersalyl) were 
administered to 32 maximally hydrated subjects in an attempt 

to define the site of action of these agents. A sustained 
diuresis began approximately 1 hour after the administration 
of the mercurial, characterized by a progressive and similar 
increase in V and Cosm averaging 10.4 and 10.6 ml/min., 80 
that CH20 remained unchanged during the development of the 
diuresis. Meralluride (theophylline containing) produced an 
additional earlier but transient minor solute diuresis in 
which CHO increased. In 11 of 15 experiments in which hypo- 
tonic mannitol, sulfate, calcium, urea or aminophylline was 
superimposed during the sustained diuresis, CH20 increased an 
average of 4.0 ml/min. coincident with a further increment in 
Cosm of 5-6 ml/min. The constancy of CH20 during the develop- 
ment of the mercurial-induced diuresis argues against a sepa- 
rate major action of the mercurials proximally or at the water 
clearing distal tubular site. Unless organomercurials produce 
a unique balance of inhibitory effects at these sites, these 
data are consistent with the hypothesis that the organomer- 
curials inhibit a late distal process of isoosmotic salt 
———- in hydrated man. (Supported by a grant from the 

e oF. . +) 





Physiology 


FUNCTIONAL EVALUATION OF THE ISOLATED PERFUSED RAT KIDNEY. 
A, W. Bauman*, Univ, of Rochester Med, Sch., Rochester, N. Y. 

Isolated rat kidneys have been perfused with pooled, 
heparinized whole rat blood using a modification of the 
technique described by Weiss, Passow and Rothstein (Am, J. 
Physiol., 196:1115, 1959). Each perfusion has lasted 2 to 3 
hours with renal function approximating normal during the 
first hour, Functional evaluation has included measurements 
of blood flow and urine production, inulin and para-amino- 
hippurate clearance, Plasma and urine sodium, potassium, 
phosphate, chloride, glucose, lactate and osmolarity ratios 
have been evaluated, Initial mean blood flow has varied 
from 4.5 to 2,0 cc's per minute, diminishing with time, 
Urine volume always increased and osmolarity decreased with 
time, Filtration fractions were near normal in most experi- 
ments, Tubular failure usually preceded glomular failure. 
Glucose reabsorption was generally complete throughout each 
perfusion, The most consistent histologic observation was 
dilatation of the proximal tubules, 








Physiology 
ESTIMATION OF EFFECTIVE RENAL PLASMA FLOW USING 
1j31] LABELED HIPPURAN. B.G. Smith*, J, U. Schlegel and 
R.M.O'Dell*. Div. of Urology, Tulane University School of 
Medicine, New Orleans, Louisiana. 

The standard clinical procedure for the determination of 
effective renal plasma flow has been the determination of p- 
amino hippurate clearance. The use of an isotope tracer 
technique would have the advantage of speed and less possibil- 
ity of analytical error. A total of ninety-seven clearances of 
1,3) labeled Hippuran (courtesy Abbott Laboratories) and PAH 
determined simultaneously were compared in differential 
clearances on 10 patients and total clearances on 6 patients. 
The patients were given a priming dose of 0. 5 ac/kg of 1,3) 
Hippuran and 8 mg per kg of PAH and a sustaining dose of 0.2 
-0. 4 pc of I)3) Hippuran and 2. 88 g PAH in 183cc saline infus- 
ion mixture over a period of three hours. The clearances of 
PAH were plotted against the Ij3; Hippuran clearances and a 
regression line was calculated from the points obtained, giving 
a slope of 0. 81 with a positive correlation coefficient of 0. 98. 
By obtaining the 1)3] Hippuran clearance, the corresponding 
value of PAH can be read from the curve, and the effective 
renal plasma flow estimated. The deviation from one of the 
PAH-Hippuran clearance ratio will be further investigated. 








Pathology 


THE ROLE OF THE MACULA DENSA IN RENIN FORMATION. Edwin R. 
Elsher, Univ. of Pgh., and VA Hospital, Pgh. Pa. 

Evidence has accumulated which Indicates that the juxte- 
glomerular celis may represent the site of renin formation 
In the kidney and that glucose-6 phosphate and 6-phosphoglu- 
conic dehydrogenase of the macula densa may also play a role 
In this process. Close correlation between the degree of Jux- 
teglomerular granulation, pressor activity, and hexose mono- 
phosphate shunt enzymes of the macula densa was observed in 
the kidneys of rats subjected to DOCA and salt, unilateral 
hydronephrosis, unilateral constriction of the renal artery, 
8 figure of 8 ligature about the kidney, and aminonucleoside 
Induced nephrosis. These perameters were notably decreased 
in the kidneys of rets treated with DOCA and salt and “un- 
touched" kidneys of rats with other forms of renal disease 
studied. Contralateral members and kidneys from rats with 
aminonucieoside nephrosis exhibited either normal or elevated 
values. The findings are interpreted as providing evidence 
thet the macula densa plays @ role in the formetion, storage 
or regulation of renin within the kidney. The failure to 
observe @ consistent correlation between these parameters and 
hypertension, however, suggests that there may be a dissocia- 
tion of the electrolytic and hypertensive effects of renin 
and indicates the need for correlations of these parameters 
with direct measurements of renin elaboration. 


Pathology 


COENZYME Q109 AND SUCCINATE-TETRAZOLIUM REDUCTASE ACTIVITY 
OF NEONATAL RAT KIDNEY. Peter Strand* and Lee W. Wattenberg, 
Univ. of Minn. Med. School, Minneapolis. 

A low succinate-tetrazolium reductase activity has been 
found in the cortex of the neonatal rat kidney (Proc. Soc. 
Exp. Biol. Med. 101:781, 1959). Relevant to this observa- 
tion is the recent finding that coenzyme Qi0 serves as an 
intermediate electron transport agent in the succinate- 
tetrazolium reductase reaction. Accordingly, a non- 
availability of this quinone could be s factor in. causing 
a low reductase activity. In the rat kidney, the reaction 
was run with and without added coenzyme Qi09. Added quinone 
causes a marked enhancement of reductase activity in the 
early postnatal period. Subsequently, progressively less 
enhancement occurs and finally the enhancement decreases 
very abruptly at about fourteen days. In spite of the 
high degree of enhancement in the very immature kidney, the 
reductase activity does not mach that of the adult 
suggesting that the low activity involves both primary 
dehydrogenase and quinone. (Supported by U. S. Public 


Health Service grant number CS-9599) 





Pathology 
COMPENSATORY RENAL GROWTH FOLLOWING UNILAT- 
ERAL NEPHRECTOMY IN THE RAT. D.S. Miyada* and 
N.B. Kurnick* Univ. of Calif. School of Med., Los Angeles 
and Vet. Admin. Hosp., Long Beach, California 

Compensatory renal growth was followed by autoradio- 
graphic and chemical methods. Female, Vistar rats of 
approximately 150 g. were used to study the nature of incor- 
poration of tritiated thymidine (H3TDN) in the compensatory 
hypertrophic kidney at various intervals after unilateral 
nephrectomy. Autoradiographic sections demonstrated an 
increasing rate of incorporation of H,TDN until the 6th day 
post-nephrectomy. The rate of incorporation declined there- 
after until the 16th day. Incorporation of H3zTDN was found 
to occur in both the medulla and the cortex, but not in the 
papilla. Chemical studies showed that the DNA content of 
the compensatory hypertrophic kidneys rose rapidly from the 
6th to the 8th day post-nephrectomy and then leveled off. The 
DNA content of the hypertrophied kidney 24 days after neph- 
rectomy showed a 30 per cent increase compared to the con- 
trol whereas the mass had increased 45 per cent. At 40 days 
these figures were 18 and 45 per cent, respectively. These 
results indicate that both hyperplasia and hypertrophy play 
significant roles in compensatory renal growth. 


Pathology 
RENAL JUXTAGLOMERULAR CELLS IN ACUTE DIETARY SODIUM 
DEFICIENCY. Gordon Miller* and Phyllis M, Hartroft. Dept. of 
Pathology, Washington University, St. Louis, Mo. 

As previously reported, sodium deficiency of several weeks duration 
produces hypergranulation of juxtaglomerular (JG) cells in several 
species (rat, dog, cat, rabbit). In young animals, in which the 
deficiency is more severely manifested, hyperplasia of JG cells is also 
a prominent feature. The purpose of the present experiment was to 
determine how early JG cells respond following induction of sodium 
deficiency in weanling rats and whether the early response is consistent 
with the assumption of increased secretory activity. Results showed that 
in the first few hours after ingestion of a sodium-deficient meal, JG 
cells degranulate. Thereafter, with continuation of the dietary regimen, 
they show a progressive increase in granulation. Thus, JG cells respond 
to a stimulus in a manner expected of a secretory gland, with an initial 
discharge of secretory product followed later by accelerated production 
of granules. Furthermore, renin-content of kidneys from these same 
animals showed a very similar pattern, providing further evidence that 
JG cells elaborate this substance. (Supported by Jackson-Johnson 
Fellowship and grants from Nutrition Foundation and USPHS #A-I114.) 





Pathology 


EFFECTS OF RENAL EXTRACTS ON JUXTAGLOMERULAR CELLS, 
RENIN CONTENT, AND ZONA GLOMERULOSA. Charles Kuhn*, 
Phyllis M. Hartroft, and James A. Pitcock? Dept. of Pathology, 








‘Washington University, St. Louis, Mo. 
Previous experiments have shown a close relationship of renal juxto- 
glomerular (JG) cells, renin, and width of the adrenal zona glomerulosa 

In the present investigation, weanling rats were injected with saline 
extracts of kidneys from sodium-deficient dogs with hypergranulated JG 
cells and increased renin activity. Compared to rats injected with con- 
trol extracts, a polyuric effect was produced by the extract of the kid- 
neys from the sodium-deficient dogs during the first 12 days of injections. 
During this period, there was degranulation of the rats' JG cells, de- 
creased extractable renin, and widening of zona glomerulosa. After 
cessation of polyuria, JG granulation and renin content of the rats'kid- 
neys rose to exceed those of the controls, while width of zona glomeru- 
losa decreaséd toward control values. Antibodies to renin were demon- 
strated in the rats' serum during this later period. The results suggest 
that the production of renin and of JG granules are decreased by 
exogenous renin and are increased in the presence of antibodies to 
renin. Furthermore, the effect on adrenal cortex indicates that renin 
may exert a trophic action on zona glomerulosa. (Supported by grants 
from The Nutrition Foundation and from USPHS #A-1114.) 
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Pathology 


THE RENAL LESION IN THE WHITE MOUSE FOLLOWING 
STREPTOCOCCAL INFECTION. E. B. Taft, A. S. Cohen*, 
andJ. T. Sharp*. Mass. General Hosp., Boston, Mass. 
and Henry Ford Hosp., Detroit, Mich. 

During studies of Group A. streptococcal infections in 
laboratory animals, a new experimental renal disease was 
produced in the male Webster white mouse. This disease 
is characterized by the early development of albuminuria 
and the occurrence of hypoalbuminemia and edema 4 - 10 
days after the initiation of streptococcal infections. At 
autopsy animals with this clinical picture have enlarged pale 
kidneys that with light microscopy show marked tubular nec- 
rosis. With electron microscopy glomerular lesions con- 
sisting of fusion of foot processes are evident. Many of the 
animals surviving three weeks to three months have granular 
somewhat contracted kidneys that show glomerular lesions 
by light microscopy. It is proposed that the observed clinical 
picture is the nephrotic syndrome associated with the demon- 
strated glomerular lesion and that this disease has similari- 
ties to glomerulonephritis in man. The significance of the 
marked early tubular necrosis associated with the gross 
swelling and pallor of the kidneys is obscure. 





Pathology 


LYMPHATICS AND HYDRODYNAMICS IN URINARY TRACT INFECTION 
J.J, Murphy and_H.W. Schoenberg*, Harrison Dept. of Surg. Res. 
Sch. of Med., Univ. of Pa., Phila., Pa. 

Healed nephritis due to staphylococci has been shown to 
pre-dispose the kidney of experimental animals to bacillary 
infection, Patency of the lymphatic channels of the kidney 
may be tested by observation of lymph from the cisterna chyli 
after instillation of a tracer substance into the renal el- 
vis under pressure. Evaluation of the kidneys of dogs with 
healed staphylococcal nephritis in this way suggests that 
there is obstruction of the parenchymal lymphatic channels. 
This may be a factor in the diminished resistance of such kid- 
neys to bacillary infection, 

Measurement of the pressures which develop within the 
bladder during voiding indicate that patients and dogs with- 
out bladder outlet obstruction seldom exceed 35 cm. of water, 
while patients with prostatic obstruction or urethral stric- 
tures may require 70 to 100 cm. of water pressure to void. 
Reproduction of these pressures in dogs by means of a suspen- 
sion of carbon particles indicates that repeatedly elevated 
bladder pressures may "pump" particulate matter into tissue 
spaces and lymphatic channels through which they may reach 
the renal parenchyma. 
root, in part by U.S. Public Health Service Grant # 

A- 1 e 


318 RENAL—Comparative 
Physiology 


COPPER ECONOMY AND ANTENNARY GLAND FUNCTION IN THE 
IAND CRAB, CARDISOMA GUANHUMI. Charles A. Gifford+ 
and Charles E, Lane, Marine Laboratory, Univ. of Mi- 
ami, Coral Gables, Florida. 

Both urine and stomach fluid contain appreciable 
amounts of copper. The U/B ratio varies from 0.15 - 
0.4, stomach fluid/blood varies between 0.3 and 0.5. 
Copper excretion in urine appears to be continuous, 
to be independent of rate of urine formation within 
wide experimental limits, of blood concentration, of 
Season, sex, or nutritive state. Continuous with- 
drawal of urine for 24 hours during diuresis induced 
by irrigation of the gills with distilled water re- 
duced urine Cu from 0.30 mM/1 to 0.25mM/l. Further 
intermittant irrigation and immersion in distilled 
waSer for 27 hours lowered urine Cu to 0.20 mM/1. 

Cu concentration may be different in simultaneous 
Samples drawn from the two antennary glands. A 
fraction of the blood Cu about equal to that found 
in the urine can be removed by dialysis. Urine Cu 
is freely Gialyzeable. These data are important to 
an understanding of Cu and hemocyanin metabolism 
and to kidney function. (Supported by a grant from 
The National Science Foundation, ) 








319 RENAL—Concentrating Mechanisms 
Physiology 


EFFECTS OF INTRAVENOUS INJECTIONS OF URIC ACID ON THE KIDNEY. 
* and 1, Emmerson Ward.* Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota. 

The renal clearances of creatinine, P.A.H. and uric acid 
were studied in Dalmatian and non-Dalmatian dogs before and 
after the intravenous administration of uric acid. Single 
doses of uric acid (40 mg./kg. and 100 mg./kg.) were given. 
The 40-mg. dose produced no detectable change when the 
initial clearances were within the normal range. The 100-mg. 
dose caused suppression of urine flow and reduction of the 
clearance values only in the non-Dalmatians. However, in the 
presence of renal damage or experimental reduction of renal 
reserve by unilateral nephrectomy, the administration of uric 
acid in the smaller dose (40 mg./kg.) produced marked 
reduction in clearance values. Repeated daily administration 
of uric acid over a period of 10 days to non-Dalmatian dogs 
caused severe reduction in renal clearance. Histologic study 
of the impaired kidneys revealed dilatation of the tubules 
and vacuolation of renal epithelium. After the intravenous 
administration of uric acid, values for the acid in the blood 
in the Dalmatian remained higher and a greater percentage of 
the uric-acid load was excreted during the same period, than 
in the non-Dalmatians. As compared with other breeds, the 
Dalmatian dog normally excretes about 100 times as much 
uric acid in the urine. 


Physiology 


THE EFFECTS OF RENAL PLASMA FLOW RATE AND GLOMERULAR FILTRA~ 
TION RATE ON URINE CONCENTRATION, Peter Abbrecht* and Richard 
L. Malvin. University of Michigan, Ann Arbor, Michigan. 

The effects on urine total osmolarity of renal plasma flow 
rate (RPF) and glomerular filtration rate (GFR) were deter- 
mined in dogs during mannitol diuresis. While one kidney 
served as a control, RPF and GFR in the other kidney were 
varied by one of the following methods: (A) Partial occlusion 
of the ureter. This decreased GFR with negligible decrease in 
RPF. (B) Partial occlusion of the renal artery. This decreased 
both GFR and RPF simultaneously. (C) A combination of partial 
ureteral occlusion and partial occlusion of the renal artery 
to obtain reductions in GFR and RPF other than those attained 
by methods A or B, GFR was determined by creatinine clearance 
and RPF by PAH renal A-V difference. The data correlate well 
when osmolarity ratio (total osmolarity of urine from par- 
tially occluded kidney divided by that from the control kid- 
ney) is plotted as a function of % reduction of GFR with % 
reduction of RPF as a parameter. The data show that RPF has 
an important independent effect on urine osmolarity in addi- 
tion to its indirect action through its effect on GFR. 


Physiology 


Post Infusion Effects of Osmotic Agents on TH5O and Sodium Reabsorp- 
tion. H. Earl Ginn# Eduardo Katz* and E. Lovell Becker. Dept. of 
Medicine, Cornell University Med. College, New York City. 

There is an increase in C,, /GFR and Cy/GFR and TH50 approaches a 
maximum during mannitol diuresis in Veadapaide dogs. , fase when 
mannitol is stopped there is a decrease in Cyy/GFR and an increase in 
Cx/GFR and TH90 is larger at a comparable Cosm. (Am.J. Physiol. 
189. 586, 1956). The present study was designed to ascertain the effects 
of urea. Osmotic diuresis was established in hydropenic dogs using 10% 
mannitol in saline or 3.6% urea in saline. Maximal ADH activity was 
assured by the constant infusion of 50 milliunits of Pitressin per hour. 
Urine collections were made during the infusion of the osmotic agents 
up to urine flows of 20 ml./min. and continued after the infusion was 
stopped until V was about 5 ml./min. The effects of urea were similar 
to mannitol during increasing urine flow, however after the infusions 
were stopped the effects were quite different. In contrast to the manni- 
tol experiments, in the urea experiments TH9O was the same at any 
Cosm. during and after infusion. This may in part be explained by an 
increase in sodium reabsorption noted after mannitol infusion which was 
not observed after urea infusion. 
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Physiology 


COMPOSITION OF THE RENAL METULLA DURING WATER DIURESIS. 
Howard Levitin*, David Beck*, Alvin Goodman*, Gilles Pigeon* 
and Franklin H. Epstein. Dept. of Medicine, Yale Univ. 
School of Med., New Haven, Conn. 

Unanesthetized dogs were sacrificed at the height of a 
water diuresis (urinary osmolality less than 60 mosm/Kg) and 
their kidneys immediately removed and sectioned. Samples of 
cortex, medulla and papilla were analyzed for water, Na, K 
NH, and urea. The data were campared with those obtained fran 
dogs excreting a concentrated urine (urinary osmolality great- 
er than 1500 mosm/Kg ) after 24 hours of dehydration and vaso- 
pressin. 

Expressed as mEq/100 grams of dry solids, the sodium con- 
tent of renal medulla and papilla of dogs undergoing a water 
diuresis averaged only 62% of that observed in antidiuretic 
enimals. These results suggest that, in addition to increas- 
ing the permeability of the distal tubule and collecting ducts 
to water, vasopressin may enhance the concentration and sequ- 
estration of sodium in the interstitial fluid of the renal 
papilla. 








Physiology 


ENHANCEMENT OF RENAL CONCENTRATING ABILITY BY COMPOUNDS CHEMI- 
CALLY RELATED TO UREA. RB, H. Kellogg and L, Rabinowitz.*Dept. 
of Physiology, Univ. of California Med. Center, San Francisco. 
Urea appears to play a specific role in the renal concen- 
trating mechanism, for unlike other solutes it is known to 
increase maximal urinary osmolality at given total solute 
excretion rates in rats, dogs and men. As a first step in 
investigating what physical or chemical properties of urea 
give it this effect, we have begun to test compounds chemical- 
ly related to urea. Hydropenic female dogs anesthetized with 
pentobarbital were infused with creatinine and PAH for clear- 
ance measurements, vasopressin to ensure maximal concentration 
and mannitol to produce moderate osmotic diuresis with total 
solute excretion rate usually 40-100:0sm/min/kg BW. After 3 
collection periods, the mannitol in the infusion was replaced 
by an equiosmolar amount of the test compound with a priming 
injection to speed equilibration. As expected, urea raised 
maximal urinary osmolality by as much as 700 mOsm/kg Ho0 at 
comparable total solute excretion rates. Methylurea raised 
osmolality by about 2/3 as much and acetamide by about 1/3 as 
much, but 1,3-dimethylurea had little if any enhancing effect. 
Additional mannitol, administered instead of urea as a con- 
trol, produced no enhancement. Thus some compounds chemically 
related to urea can als~ enhance renal concentrating ability. 


Physiology 


URINARY CONCENTRATION AND THE UREA CONCENTRATION OF PAPILLA 
AND URINE IN THE RAT. George A. Bray* and Agnes Scott 
Preston.* ‘ational Heart Institute, Bethesda, Md. 

Studies were undertaken to confirm and investigate the 
mechanism involved in the observation of Crawford et al. (Am. 
J. Physiol., 196, 545, 1959) that the administration of urea 
to rats on a low protein diet increases the concentration of 
non-urea urinary solute as well as total osmolality. The 24- 
hour urinary non-urea solute was less than 1300 mOsmolal in 
all of seven rats given pitressin in oil and exceeded this 
value in all of seven on the same regimen supplemented with 
urea. On sacrifice the concentration of urea in water of the 
renal papilla was higher than that in the urine in all of the 
animals on a low protein diet and in three of those receiving 
urea supplements. Urine collected from the ureter of low 
protein rats in a steady state of urine concentration had a 
lower urea concentration than papilla (urea concentration in 
papilla/concentration in urine: mean 1.87, range 0.97 - 3.10, 
N= 13). On a normal diet, urine urea usually exceeded that 
in papilla. The data are compatible with the hypothesis that 
the rat collecting duct has a low passive permeability to 
urea and that urea is actively transported in all likelihood 
from collecting duct lumen to medullary interstitium. 





Physiology 

EFFECT OF pH AND pCO2 ON RESPONSE OF THE TOAD BLADDER TO VAS, 
PRESSIN., M.A. Holliday*, I.L. Schwartz, J. Marc-Aurele*, J,” 
Harrah*, D, Elliott*, University of Pittsburgh and the . 
Research Center, Brookhaven National Laboratory, Upton, N.Y) 

The amphibian urinary bladder normally is relatively ig. 
permeable to water but becomes more permeable upon its ex- 
posure to vasopressin, The increased permeability may be 
demonstrated by noting weight loss from the bladder sac fill 
with dilute Ringers and suspended in isotonic Ringers. Vasg 
pressin added to the serosal bath appears to act at or on the 
mucosal membrane and to be dependent on an SH-SS exchange re. 
action involving SH groups on the receptor and the SS bridge 
of the hormone, The action on permeability is markedly supe 
pressed when serosal bath pH is less than 7, Using a bicar 
bonate buffer system and keeping serosal bath pH constant but 
varying CO, tension, it was found that permeability decreaset 
as pCO2 increased. The pCO2 effect may result from the in. 
creased chemical potential of CO2 per se, or it may be secon 
dary to the intracellular acidosis which would ensue if 
serosal HCO3~ions diffused slowly, as we assume to be the 
In addition the elevated pCO2 may decrease sodium transport, 
These results are in accord with the suggestion that the hor. 
mone acts transcellularly thru a SH-SS exchange reaction whid 
is pH dependent, This work was supported by USPHS Grant No, 
A2668(C4) and the U.S. Atomic Energy Commission, 
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Physiology 


COUNTERCURRENT EXCHANGE IN THE RENAL MED!I'LLARY VASCITLAR 
BUNDLES. H. C. Maganzini,* and L. S. Lilienfield. Member, 
Georgetown University School of Medicine, Washington, DPD. C, 
Countercurrent diffusion exchange in the vasa recta is a 
mechanism which supposedly helps maintain high osmolality of 
the medulla. If so, highly diffusible substances introduced 
into the blood stream should accumulate in the medulla at a 
slower rate than non diffusible substances. To test. this, 
simultaneous RboS+ and I131 albumin accumulation rates were 
measured in the kidneys of 7 dogs, and Na22+ and 1131 in 3 
dogs. following Rb86 Cl or Na@2 Cl and 1131 albumin infusions 
into the aorta. After 15 to 20 seconds the kidneys were 
removed and frozen. Renal tissue was then analyzed for 
or Na22+ and 1131 content. Ratios of Rb96/1131 albumin wer 
calculated for cortex, outer medulla and inner medulla + 
(papilla) and averaged 5.2, 1.8, 0.9 respectively. Na22/ 
1131 albumin ratio for outer cortex was 2.27 and 0.67 for 





papilla. Results show a progressive exclusion of Rb fron § 


cortex to outer medulla and more significantly from outer to 
inner medulla. Na22+ was also effectively excluded from 
medulla as compared to cortex. These results demonstrate 
countercurrent diffusion exchange in the vasa recta. 


Biochemistry 


ENHANCEMENT OF URINARY DILUTION BY PARTIAL URETERAL OBSTRUC- 
TION. John F. Monroe,* Emanuel H. Bresler* and James E. : 
Pearson, Jr.* VA Hospital and Tulane Univ. School of Med., Nev 
Orleans, La. 

Slowing of ureteral flow by partial obstruction during 
mannitol diuresis has been reported as resulting in an in- 
crease in urine osmolality. These results have been inter- 
preted as supporting the importance of flow rate through the 
loop of Henle countercurrent multiplier system. In this study 
hypertonic saline was administered to dogs in place of manni- 
tol to achieve diuresis. This was followed by sustaining 
isotonic saline infusions and when steady flow rates were ob: | 
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tained one of the ureters was partially obstructed by means — 
of a needle valve, Prior to occlusion, six animals were form 
ing urines hyperosmolal to plasma and in four, the urines 
were hypo-osmolal to plasma. Slowing of the urinary outflow | 
in the dogs producing the hyperosmolal urines enhanced J 
urinary concentration. Slowing of the urinary outflow in the 
dogs producing hypo-osmolal urines exaggerated the degree of 
dilution, 
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Pharmacology 


DEIAYED LIVER INJURY IN DOGS TREATED INTRAVENOUSLY WITH 
AMMONIATED ETHYLENE MALEIC ANHYDRIDE See De a ey 
2-3). Es Mihich, Le Simpson der* and A. I. 

(Eng Roswell Park ee nstitute, Buffalo, N. Y. 

Delayed liver damage was observed during the pharmaco- 
logical study of AEMA 2-3 prior to possible testing of this 
drug in cancer patients. This damage caused an unusual ascites 
and was unsuspected at the end of short-term treatments. Five 
out of 6 dogs treated with 200 mg/Kg/day, 5 days/week for 2 
yeeks, died within this period. Marked terminal increase of 
BIN was the only notable biochemical change. No histological 
evidence of parenchymal liver damage was found. In contrast, 
the survivor of this group and 4 dogs treated similarly with 
50 or 100 mg/Kg/day had evidence of liver damage, varying from 
slight to severe necrosis and fibrosis, when sacrificed 35-210 
days after end of treatment. Only one dog had clinical disease: 
ascites was observed 37 days following treatment and fluid was 
yithdrawn at intervals (22 liters by the 200th day). Three 
out of 5 dogs treated chronically with 25 mg/Kg (50 to 70 
doses) also developed ascites associated with liver pathology. 
Delayed normocytic anemia was seen. Inversion of the albumin/ 
globulin ratio occurred in the serum of dogs which developed 
ascites; paper electrophoresis of serum showed relative in- 
crease of proteins in the B-globulin zone. 


Pharmacology 


CHANCES IN THE CYTOPLASMIC CONTENT OF PROTEIN-BOUND SULFHYDRYL 
AND DISULFIDE IN RAT KIDNFY CELLS CAUSED PY HYDPRATICN, DE- 
HYDRATION AYD FITRESSIN. Gilberto Molina*, R. Kruse* and A. 
Farah, State Univ. of N. Y., Upstate Med. Cntr., Syracuse,}.Y. 
Te effect of pitressin, hydration and dehydration on rat 
kidney cells were studie? using the histochemical techniques 
for protein-tound sulfhydryl (Cafruny, Farah & Di Stefano, 
J, Histochem. 3:354, 1955) and disulfide (Teiger, Farah & Di 
Stefano, J. Histochem. §:403, 1°57). Forty-eight hours of 
dehydration caused a decrease in the protein-boune sulfhycryl 
(PP) content of the terminal portion of the proximal con- 
voluted tubules (PTT) to atout 75% of the normal level. A 
similar effect is otserved in PTT under the influence of 
pitressin injection. Hydration did not affect the PPSH of 
PIT, It was noted that the disulfide cortert of the luminal 
region of the cells ir the thick or ascending loop of Henle 
(ALK) was reduced to almost zero levels under the effect of 
The lumiral region is clear and apparently cevoid 
of mitochondria as compared to the basal region of ALH cells. 
In the basal area of these cells no change was observed in 
the disulfide content. Administration of pitressin to 
hydrated rats results in a restoration of the disulfide groups 


in the cells of the ascending limb of Henle. (Suryorted by 
grant A~2232(C3) NIH, PHS). 
$20 RENAL—Control 

Physiology 


INTRARENAL DISTRIBUTION OF FLOW AS INFLUENCED BY NOREPINEHIRINS 
IWFUSION. ‘William D. Blake. Dept. of Physiol., Univ. of 
+, Baltimore, Maryland. 

Changes in sodium excretion during epinephrine infusion or 
following denervation have suggested the possibility that 
neural control of renal function is operative either on tubular 
Two tech- 
niques have been used to test this question in anesthetized 
dogs: 1) estimation of the Tm/TmPAH ratio and 2) simultaneous 
estimation of "free" water reabsorption, both by the usual 
clearance techniques. Changes in these parameters during nor- 
®inephrine infusion were compared with changes observed during 
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inephrine or isoproterenol infusion and control experiments. 
Yorepinephrine infusion had little or no effect on creatinine 
clearance, increased the TmG/TmPAH ratio at any given decrease 
in urine flow and decreased "free" water reabsorption at any 
Moreover, the effect of norepin- 
@hrine on TmG/Ccr may have been related to glucose load to 
tubules whereas load had no influence on the response to epin- 
hrine. These observations provide indirect support for the 










‘#Nclusion that norepinephrine may augment medullary flow and 


filtration at the expense of cortical nephrons. (Supported 
Wy a grant from the Life Insurance Medical Research Fund. ) 











Physiology 
CHANGES IN RENAL VASCULAR RESISTANCE REFLEXLY INDUCED BY 
CAROTID ARTERY OCCLUSION. J.P. Gilmore. Lab.Cardiovasc. 
Physiol., NHI, Bethesda, Md. 

Experiments were undertaken to clarify some of the renal 
responses to carotid hypotension, In the intact pentobarbi- 
talized dog, the responses to carotid occlusion were variable. 
In some animals carotid occlusion produced an increase in 
urine flow, glomerular filtration rate, renal blood flow and 
electrolyte excretion. In other experiments urine flow 
showed little change or decreased in spite of significant in- 
creases in systemic arterial pressure. Under these la‘ier 
conditions glomerular filtration rate and renal blood flow 
showed minimal changes. However, whether urine flow in- 
creased or decreased during carotid occlusion, the changes in 
renal blood flow and filtration rate were minor compared to 
the changes in systemic arterial pressure demonstrating sig- 
nificant increases in renal vascular resistance. In order to 
determine whether the increased renal vascular resistance 
which occurs during carotid hypotension is a result of auto- 
regulation or of extrinsic sympathetic influences, an in situ 
innervated kidney perfused at constant flow was employed. In 
such experiments when the carotids were occluded renal arteri- 
al pressure rose substantially indicating that the increased 
renal vascular resistance which occurs during carotid occlu- 


Sion may be due, to an important extent, to extrinsic 
sympathetic influences. 


321 RENAL—Disorders 
Pathology 


ENZYMATIC HISTOCHEMICAL ALTERATIONS IN RENAL TUBUIES 
AFTER TRAUMA. A. Stein*, P. Pakdaman, N. Lempert, 
A. Boba, S. R. Powers, Jr., Dept. Path., Albany 
Medical College, Albany, N. Y. 

In experimental studies on shock or trauma, limi- 
tations of H&E stains for evaluation of renal tubul- 
ar damage are apparent. A program on controlled trae 
ma utilizing a battery of oxidative and hydrolytic 
enzymes for evaluation of renal dysfunctionwes ini- 
tiated.Mongrel dogs (12) were anesthetized and given 
50 blows of a leather-covered mallet to each legrer 
each 10 lbs. of body weight.Concomitant physiolog- 
ical and biochemical studies were performed. 4, 24, 
and 72-105 hrs. after injury, the dogs were again 
anesthetized and the kidneys removed for study. 
Enzymatic activity was graded 1+ to 4+ 

4 








Hours 24 72-105 
Glucose-6-phosphatase + + - 
ATP, ase +++ + - 

DPN diapho ase +++ + + 
899° arogenase +++ ++ + 
Cc phosphatase ++4+4+ ++4+4+ ++ 
Alk. phosphatase ++++ ++++ +++ 
(Supported by PHS Grants C-5054 and H-4382). 
Pathology 


COMPARISON OF FINE STRUCTURAL ALTERATIONS IN 
AMINONUCLEOSIDE NEPHROSIS WITH HUMAN NEPHROSIS. 
D. Spiro*, J. B. Caulfield* and J. Craig, Harvard Medical 
School, Mass. General Hosp. and Childrens Medical Center. 
Recent studies of renal biopsies from humans with the 
nephrotic syndrome have revealed destructive glomerular 
basement membrane lesions (1). However, similar basement 
membrane lesions have not been reported in experimental 
aminonucleoside nephrosis despite the presence of altered 
glomerular epithelial cells. This study demonstrates base- 
ment membrane changes in aminonucleoside induced nephrosis 
in rats. These changes consist of areas in which the glomer- 
lar basement membranes are markedly thinned measuring a 
proximately 100 A units thickness in contrast to the usual 
measurement of about 600 A units. The basement membrane 
lesions are seen as early as the 9th day of aminonucleoside 
administration (1.5 mgm. aminonucleoside per day). Later 
alterations include marked focal thickening of the basement 
membranes in addition to attenuation. The formation and 
transport of hyaline dropiets as seen in human nephrosis (1) 
is reproduced in these experiments. 
(1) Spiro, D. Proc. llth Ann. Conf. on the Nephrotic Syndume 
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RENAL PROTEIN TRANSPORT IN NORMAL AND NEPHROTIC RATS. Karen 
Olness*, B.W. Papermaster®, and R.L. Vernier. University of 
Minnesota Medical School, Minneapolis. 

Renal protein transport has been studied in aminomcleoside 
treated and normal rats. Kidney specimens were obtained at 
intervals after intravenous or intra-arterial infusion of a 
silver albumin complex (SAC) or ferritin. Sections from each 
group were examined by light and electron microscopy. Results 
indicate that in nephrotic rats these protein substances pass 
from glomerular capillary lumens through basement membrane and 
epithelial cells into Bowman's space. Labelled proteins also 
appear in quantity within peritubular capillaries and proximal 
tubule cytoplasm (PTC) shortly after infusion into normal and 
nephrotic rats. When stop-flow technique is used in nephrotic 
rats, glomerular filtration ceases, but SAC contimes to appear 
in PTC and in the tubular filtrate. These studies suggest: 

1) Protein substances may pass from peritubular capillaries 
through interstitial tissue and into proximal tubule cytoplasa. 
2) Damaged proximal tubule cells allow increased secretion of 
protein. 3) Proteinuria is manifested by cummlative effects of 
increased protein filtration and secretion above a normal non- 
detectable level. Supported by grants from the U.S. Public 
Health Service, Minnesota Heart Association, and American 
Heart Association. 
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EFFECT OF MALEIC ACID ON RENAL TUBULAR KNZYME ACTIVITY AND 
MORPHOLOGY, Howard G.Worthen*, Pediatric Research Laboratory 
Variety Club Heart Hospital, Univ. of Minnesota, Minneapolis. 

Maleic acid injection produces multiple defects in proximal 
tubular function (aminoaciduria, glycosuria, phosphaturia, de- 
ficient acidification). Histochemical, quantitative chemical, 
and electron microscopic changes have been correlated with the 
functional changes in rats given maleic acid I.P. Two effects 
are noted, the more striking is a severe, specific, sutmicro~ 
scopic abnormality of the proximal tubular wall. The other is 
a marked decrease in the succinic dehydrogenase content of the 
renal cortex found by chemical and histochemical studies,3oth 
the morphologic and chemical changes appear and disappear co- 
incident with the functional changes and increase as the dose 
of maleic acid is increased, The effects are assumed to re- 
sult from the blockade of essential sulfhydryl groups by 
maleic acid, The results are consistent with either an enzyme 
or a membrane as the site of action of maleic acid. (Aided by 
grants from the U.S. Public Health Service, Miznesota Heart 
Association, American Heart Association, Graduate School of 
the University of Minnesota. ) 
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AMINONUCLEOSIDE AND NEPHROTOXIC NEPHROSIS IN MONKEYS. 





Pathology 
KIDNEY MAPS IN THE STUDY OF HUMAN RENAL DISEASE, 
David S. Babin*, Gordon B, Robbins*, Claire 
Turgeon* and Sheldon C, Sommers. S3oston Univ. 
Sch. of Med. and Mass. Mem. Hosps., Boston, Masa, 

To analyze various individual human kidney 

components, maps were drawn with colored pencils 
of projected microscopic sections of 50 surgically 
removed kidneys. Ten random fields of each rena] 
cortex were mapped. Thereafter the paper sheets 
were cut along the lines, the components sorted 
and the glomeruli, proximal and distal convoluted 
tubules, atrophic tubules, vessels and interstitial] 
tissue were separately weighed and counted. Ten 
cases each of essential hypertension, Goldblatt 
kidney, pyelonephritis, pyelonephritis with 
hyvertension, and normal kidneys were analyzed. 
Significantly decreased tubular area and increased 
interstitial tissue accompanied pyelonephritis 
with hypertension, in contrast to observations in 
the other groups. The changes found are discussed 
in reference to renal versus renoprival 
hypertension. 
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ELECTRON MICROSCOPY OF ACUTE ANTI-BASEMENT MEMBRANE SERUM 
NEPHRITIS IN RATS. R. Winemiller*, R. Steblay* and B. § 
Depts. of Path. and Obst., Univ. of cago, Chicago, Tit. 
Potent nephrotoxic anti-rat glomerular basement membrane 
sheep serum given as a single IV dose into 200 gm rats pro- 
duced early proteinuria. Significant glomerular changes at | 
hours as demonstrated by electron microscopy included focal 
exfoliation of the endothelial cytoplasm denuding the basenat 
membrane (BM). Frequent leukocytes and platelets often occh- 
ded capillary lumina. At 8 hours the leukocytic infiltration 
was more marked. Some neutrophiles appeared to penetrate the 
endothelial cell and adhere to the BM. Fibrin thrombi also 
occluded capillary loops containing no endothelium. Focal 
foot process fusion first seen at ) hours progressed in pro- 
portion to capillary wall damage. Rats sacrificed 12 hours 
after injection had endothelial swelling with further accume- 
lations of platelet, neutrophile and fibrin thrombi. At 18 
hours an irregularity of the BM with folding in the lobular 
stalk area complicated the earlier changes. Endothelial cell 
proliferation and BM changes of greater severity were seen at 
the th and 9th days. IV Ferritin given 2 hours before sacri- 
fice appeared in the glomerular lumen and damaged capillary 
wall in rats sacrificed hours following injection. 
(Supported by grants #H-3690 (C2) and H-4785 U.S.P.H.S.) 
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TOXEMIA OF PREGNANCY INDUCED BY PROGESTERONE IN THE RAT. FW. 
Stamler. Dept. of Path., Univ. of Iowa School of Med., Iowa 





Alfred F. Michael,Jr.*, Homer Venters,Jr.”, and Robert A. Good. 
Laboratories of the Variety Club Heart Hospital, University of 
Minnesota Medical School, Minneapolis, Minnesota. 

Nephrosis due to the aminommecleoside of Puromycin has pre- 
viously been described only in rats, although attempts to pro- 
duce it in dogs, guinea pigs, mice, and rabbits have been un- 

- Administration of the drug to young Rhesus moneys 
in doses of 10-15 mg/kg for 10-15 days results in hypoalvumin- 
emia, " sterolemia, and edema. These ab- 
normalities disappear on withdrawal of the aminomcleoside, but 
reappear more rapidly when a second or third course is given. 
These results indicate that this disease is not « peculiar 
metabolic response limited to the rat alone. Administration of 
greater amounts of sminonucleoside to the monkey results in 
system depression and death. Marked 


will be described. (Aided by grants from the U.S. Public 
pec oe and American Heart 








City, Iowa. 

Progesterone in oil given to female rats in 10 mg. daily 
subcutaneous doses during late gestation inhibited labor and 
prevented parturition, with death of retained fetuses by the 
fourth day beyond the expected date of birth. A large per~- 
centage of pregnant rets died at a time closely approximating 
or following the period of fetal deaths. Maternal lesions in 
cluded thrombotic occlusions of vessels of kidneys, adrenals, 
and liver and described by Symeonidis (J. Nat. Cancer Inst., 
1949). Extensive fibrin thrombo-embolism of the pulmonary 4I- 
terial system was an additional finding. The morbid anatomy 
of this condition closely simulated that seen in the maternal 
disease of pregnancy due to anti-vitamin E stress in the rat. 
Similar maternal lesions were produced in pregnant rats by s& 
otonin when delayed maternal death was preceded by fetal death 
The progesterone-induced disease was not prevented by vitamin 
E, dicoumarol, or anti-hypertensive drugs including reserpine, 
hydralazine, and guanethedine. Progesterone in the dose givel 
was without apparent harmful effect in the non-pregnant rat, 
or when discontinued at a date early enough during gestation 
to allow normal labor and parturition at the completion of 
pregnancy. (Supported by a grant from the American Cancer 
Society. 
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Pathology 
RENAL S AND ELECTROLYTE COMPOSITIONS L 
SICTI4RE INTORICATIONS INCREASED M Autry WER ADDED 
DIAMOX ° JM. Craig, V.P. Fernando *, F.. Fe rs*, and 

g. Yaffe *. Depts. of Path. and Pediatrics, Boston Iying-in 
fosp., Childrents Hosp. Med. Center, and Harvard Med. School, 
Boston, Mass. 

Groups of rats were given oral or intraperitoneal loads of 
sodium salicylate varying from 150-700 mgm/kilo; in others, 
these doses were given with Diamox from 10-50 mgm/kilo. The 
animals were placed in metabolism cages and sacrificed from 
4-2) hours after loading. At the time of autopsy, serum and 
red cells were taken for electrolyte analysis. Complete autop- 
gies were performed with special histochemical procedures on 
the liver and kidney. Diamox increased the mortality of those 
animals at levels of 500 mgm/kilo or above, terminating in a 
convulsive state. The serum analysis showed reduced CO2 con- 
tents, and decreased pH levels. Losses of sodium were in- 
creased in the Diamox loaded animals, but serum values were un- 
changed. The tissue lesions were identical in both groups. 
These consisted of acute necrosis of segments of the proximal 
involuted tubules, associated with swelling of the mitochon- 
dria, but with little observable change in the lipid distribu- 
tion, hydrolytie or oxidative enzyme activity in the area. The 
explanation for the increased mortality is not apparant from 
the chemical or histological analyses. (Supported by grant 
5603 USPHS.) 
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CHRONIC ACIDOSIS IN SUBTOTALLY NEPHRECTOMIZED RATS. 
Vardaman M. Buckalew, Jr.* and Ashton B,.Morrison 
niv.rennsylvania cal School, elphia 4, 
Some morphologic and biochemical changes of 
chronic renal insufficiency are found in subtotally 
nephrectomized rats. It seemed important to deter- 
mine whether or not an acidosis developed in them. 
The right kidney and two-thirds of the left were re- 
moved from eight 250 gram male Wistar rats; sham 
operations were done on eight controls. Tail blood 
was obtained anaerobically in each rat at three in- 
tervals after the operation; the mean serum CO2 con- 
tent of the blood in mM/L, six weeks, six months,and 
nine months after operation respectively was: In 
experimentals: 27.4 + 0.3, 24.0 @ 0, 19,8 = 1.8: 
In Controls 27.2 = 0.4, 27.3 2 0.5, 27.3 2 0.7. To 
check the effect of the method of obtaining tail 
blood on the serum COo A-V difference, blood was ob- 
tained simultaneously from the tail and aorta of six 
normal rats. Serum CO2g content in tail blood was 
higher than in aortic blood by a fairly constant 
amount; the mean difference was 3.5 + 0.3 mM/L. Thus 
subtotal nephrectomy in rats leads to a chronic pro- 
or acidosis. 
Suprorted hy a grant from U.S.P.H.S.). 
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STUDIES OF THE RESPONSE OF ISOLATED, PERFUSED DOG KIDNEYS TO 
EPINEPHRINE. D.M. Worthen*, L.B. Hinshaw, and Q.N.Anderson*. 
Dept. of Physiology, Univ. of Minnesota;Minneapolis, Minnesota 
These experiments were undertaken to investigate the re- 
ported diuretic effect of low doses of epinephrine, Kidneys 
were perfused at a constant inflow pressure with blood from 
an isolated dog heart-lung. Transfer of the kidney from the 
donor dog tothe perfusion apparatus was made without inter- 
ruption of either renal blood flow or urine flow. Changes in 
renal artery and intrarenal venous pressures, kidney weight, 
and urine and renal blood flows were continually monitored. 
Determinations of creatinine clearance » urine and blood cation 
concentrations along with vrine and blood osmolarity were 
made. Single injections and constant infusions of epinephrine 
were given in amounts varying from .OOlug/injection to 1.Qug/ 
tin, Data indicate that renal blood flow shows an initial 
fall with all levels of epinephrine while some kidneys showed 
a biphasic response with blood flow rising to above control 
values. No consistentresponse of urine flow and venous press 
ure were noted at low levels while high levels consistently 
Caused decreases in both parameters. The contribution of 
antidiuretic hormone to the noted variations in urine flow 
along with derived relationships of creatinine clearance to 
Sodium and potassium excretion will be discussed. 








Biochemistry 
A POTENT, NON-STEROIDAL ORALLY ACTIVE ANTAGONIST OF ALDOSTER- 
ONE. Virgil D. Wiebelhaus,* Jos Weinstock,* Francis T. 
Elias & presch Tabs. Pilla, — 
& French Labs., Phila., Pa. 

A non-steroidal terone antagonist, 2,4, 7-triamino-6- 
phenylpteridine (SKAF 8542), is @ potent Siohhe tn tae 
saline-loaded rat. It possesses excellent oral efficacy. In 
the sodium-deficient rat it produces a profound natriuresis, 
while sium excretion is either not increased or is de- 

c - In this test c ide produces a limited nat- 
riuresis, and kaliuresis increases with increasing dose. SK&F 
8542 completely antagonizes both the sodium retention and pot- 
assium losing effects of crystalline aldosterone in the ad- 
renalectomized rat. In the dog receiving large doses of S%.- 
fluorohydrocortisone, the compound produces excellent diuresis 
characterized by large increases in the excretion of sodium 
and chloride, while potassium excretion remains constant. 
Urinary pH is not strongly affected and rular filtration 
rates are constant or occasionally elevated. Similar effects 
occur in the dog receiving relatively high doses of aldoster- 
one. SK&F 8542 produces a hypotensive effect in the rat. Both 
the diuretic and hypotensive effects of the agent are revers- 
ible by 'BAL'. SK&F 8542 is very much more potent than ‘Spiro- 
lactone' or 'Aldactone' in both the rat and dog. A consider- 
able portion of the compound and several metabolites are ex- 
creted in the urine after oral administration. 








Pharmacology 


DIRECT COMPARISON OF C14 CHLOROTHIAZIDE AND T? HYDROCHLORO- 
THIAZIDE IN MAN. Benjamin Calesnick, Herbert Sheppard and 
Natalie Bowen*, Hahnemann Medical College, Philadelphia, Pa. 
and Ciba Pharmaceutical Products, Inc., Summit, New Jersey 
A single I.V. injection, containing both radioactive C14 
chlorothiaside and T3 hydrochlorothiazide was administered 
to a patient. Bile, blood and urine specimens were collected 
periodically for 6 days. In the plasma studies, no chloro- 
thiaside was detectable after 1 hour; hydrochlorothiaside 
was detectable for 24 hours. However, both compounds were 
detectable in bile and urine fer 6 days. Two biliary excre- 
tion peaks appeared for both compounds at 1.5 and 5.0 hours. 
Although approximately 0.2% of the compounds were recovered 
during the first 24 hours, an additional 4.2% of chlorothia- 
zide and 2.2% of hydrochlorothiazide were recovered during 
the next 5 days. During the first 6 hours, the urinary re- 
covery of chlorothiaside was 82.1% and of hydrechlorothia- 
zide was only 25.5%. The totel urinary recovery during the 
first 6 days, on the other hand, was 91.5% for chlorothie- 
zide and 40.1% for hydrochlorothiazide. The relatively slow 
excretion rate of hydrochlorothiaside may, in part, explain 
the longer duration of action and the increased "potency" 
of hydrochlorothiaside as compared to chlorothiazide. 
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THE COMPARATIVE DIURETIC = aged OF SOME ANALOGUES OF 
CYCLOPENTHIAZIDE (NAVIDRIX‘*/), R, Rutledge®, Ww. E. Barrett 
and A, J, Plummer, Research Dept., C Pharmaceutical 
Products Inc., Summit, N. J. 

Recently Barrett, Chart and Renzi reported on the pharma- 
cology of a new potent sulfonamide diuretic drug (In Press). 
This compound has a cyclopentylmethyl group substituted in 
the three position in the hydrochlorothiazide molecule and 
has been given the generic name, cyclopenthiazide(Navidrix(R}, 
Based on the canine diuretic assay method described by Barrett 
et al, cyclopenthiazide was found to be 166 times as potent 
as hydrochlorothiazide in terms of water excretion, 141 times 
as potent as a natriuretic drug, 88 times as potent in terms 
of chloride excretion, but not significantly more potent than 
hydrochlorothiazide as a kaliuretic drug. It is the purpose 
of this paper to describe the diuretic activity of some 
analogues of cyclopenthiazide and to describe the changes in 
diuretic potency which occur with slight changes in chemical 
structure, 
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THE EFFECT OF DOSAGE REGIMEN ON THE DIURETIC EFFICACY OF 
CHLOROTHIAZIDE IN HUMAN SUBJECTS. John Murphy*, William 
Casey* and Louis Lasagna. Johns Hopkins School of Medicine, 
Baltimore, Md. 

Almost without exception the studies on chlorothiazide (C) 
to date fail to take into account the possibility that dosage 
regimen, i.e. the spacing of doses, might be as important or 
more important than the total amount of drug given per day. 
Ten healthy male students were randomly assigned to five 
treatments in a double blind study. Treatments were as fol- 
lows: a) C 2 gm, given as a single dose; b) C 1 gm b.i.d.; 
c) C 0.5 gm q.i.d.; d) C 0.25 gm eight times daily; 

e) Placebo. In two other similar experiments the influence 
of probenecid on the efficacy of C was studied. Our results 
indicate that the diuretic efficacy of C is a linear func- 
tion of dosage regimen. Probenecid had an inconstant ef- 
fect on C-induced excretion of water and electrolytes, 
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STUDIES OF A NON-STEROIDAL ALDOSTERONE ANTAGONIST (SK&F 8542) 
IN MAN. A. P. Cros Jdr., L. llo* and F. Alexander.* 
Mercy . a, Pa. 

Previous studies in animals demonstrated that 2,4,7-tri- 
amino-6-phenylpteridine (SK&F 8542) was capable of producing 
a natriuresis by means of antagonism of mineralocorticoid ac- 
tivity on the renal tubule. Therefore, to test whether such 
activity could be elicited in man, acute and/or chronic in- 
vestigations were made in 14 patients with cardiac, renal or 
hepatic disease. In all cases an attempt was made to. produce 
an increased excretion of aldosterone by means of a liquid 
diet containing approximately 1 mEq of sodium and 50-75 mEq 
of potassium per day. Following the oral ingestion of SKAF 
8542, in dosages of 25-300 mg. per day, as a single dose, the 
agent appeared in the urine within 15-30 minutes, reached a 
peak excretion at 6-8 hours, and returned toward zero excre- 
tion by 24 hours. Natriuresis occurred by 1 hour following 
administration and was maintained throughout the day. This 
was accompanied by a chloruresis as well as some depression 
of potassium excretion. Some hypotension has been noted in 
patients with essential hypertension (grade 2). Dose range 
studies suggest that the optimal daily dose is 150 mg. per day 
No hematological or hepatic toxicity has been noted to date. 
Thus, based on these observations, SK&F 8542 appears to be a 
safe and effective anti-aldosterone agent in man. 
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INHIBITION OF THE KALURETIC ACTION <¢ HYDROCHLOROTHIAZIDE. 
E.J. Cafruny, *, and John Davitt* Univ. of Mich. 
Med. School, Ann Arbor, Michigan. 

Benzothiadiazines stimulate the renal tubular secretion of 
Kt. Mercurial diuretics have the opposite effect. Pitts et al 
(J. Pharmacol. & Exper. Therap. 123: 89, 1958) have shown that 
chloromerodrin counteracts the kaluretic action of chlorothia- 
zide. We have confirmed this finding using hydrochlorothia- 
zide (HCTZ) and meralluride in dogs infused with NH4Cl and 
Na250,. If our results merely reflect independent antagonism 
of Kt secretion, non-diuretic mercurials, which do not influ- 
ence Kt secretion, should not prevent the effects of HCTZ on 
Kt excretion. However, the non-diuretic mercurial, p-hydroxy- 
mercuribenzoate, in doses of 2-5 mglig/kg, blocks the kaluretic 
action of HCTZ. It does not prevent HCTZ-induced increases in 
Nat, Cl-, and H20 excretion. These data indicate that mercur- 
ials may inhibit the kaluretic action of HCTZ not only by in- 

suppression of Kt secretion but also in a more direct 
fashion. (Supported by a grant from the Office of Naval 
Research, NONR-1224(26) .) 
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THE COMBINED ADMINISTRATION OF PHTHALIMIDINE AND THIAZIDE ~ 
DIURETICS. Robert H, Seller* and Morton Fuchs*. : 
Hahnemann Medical College and Hospital, Philadelphia, Pa, 
In order to determine whether an additive or synergestic¢ 
diuretic action could be obtained by the sim ltaneous 5 
administration of chemically different oral diuretics, the 
following clinical study was performed. Patients in mild ty 
moderate congestive failure were divided into two groups, One 
half received hydrochlorothiazide 200 mg. deily for 1) days” 
and ther phthalimidine 200 mg. daily was added for two weeks, 
The other half received the same drugs but in reverse order, 
Frequent evaluations of their clinical status and their sen, 
electrolytes were performed. Another group of patients wag 
studied by a bioassay technique. One third of these patients 
on a fixed sodium intake wes given hydrochlorothiazide 200 
daily until urinary sodium excretion returned to pre-treatag} 
levels, at which time 200 mg. daily of phthalimidine was — 
administered. A third of the above patients received these 
drugs in reverse order and another third received the drugs 
simltaneously and continuously. The effect on serum and 
urinary electrolytes was observed, 
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PTERIDINE COMPOUND AS AN INHIBITOR OF ALDOSTSRONE ACTION IN 
MAN. John H. Laragh*, Edith B. Reilly*, T. Bodley Stites# 
and Marielena Angers* Presby.Hosp., Goldwater Mem. Hosp. and 
College of Physicians and Surgeons, Col. Univ., New York,\.¥, 

A non-steroidal substance (2,),7-triamino-6 phenyl pteri- 
dine) possesses activities in man which suggest that it isa 
potent inhibitor of aldosterone effect. The effects of the 
compound have been observed in 21 edematous or hypertensive 
and 2 normal subjects. Optimum dosage was 75 to 100 mg. at 
12 hour intervals. Evidence that it inhibits aldosterone:(1) 
It produced natriuresis and chloruresis and reduced potassim 
excretion.(2)It was more active when aldosterone secretion wa 
elevated.(3)It corrected hypokalemic alkalosis of aldosteron- 
ism.()It increased scdium excretion while producing little 
change in urine flow suggesting distal tubular action. The 
compound is an effective diuretic agent in heart failure, ne 
phrosis and particularly in cirrhosis and may be especially 
useful in refractory patients. It potentiated natriuresis of 
other agents and reduced the tendency for K* loss. It acts 
more rapidly and seems more potent than 1200 mgm. of Aldactone 
@. However, reversible granulocytopenia was noted in  sub- 
jects. In edematous subjects (5 instances) the drug usually 
induced a further increase in aldosterone secretory rate, but 
in two patients aldosterone secretion was markedly reduced by 
therapy. 
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ADVANCES IN NON-MERCURIAL DIURETICS. Harry Gold, Dilip J, { 
* * 


Mehte*, 

R - Dept. of Pharmacol., Cornell 
Univ. Med. College, Hosp. for Joint Diseases, Cardiovascular 
Unit, Beth Israel Hospital, Lincoln Hospital, New York. 

The efficacy of parenteral mercurial diuretics stim- 
lated search for oral non-mercurials, For the most part the 
results have proved unsuccessful. High enthusiasm for acetas0- 
leamide (Diamox) about 1953 proved to possess negligible 
qualities of survival, similarly for a group of pyrimidine 
compounds (Mictine, Rolicton) which followed. Chlorothiazide 
(Diuril) almost supplanted the parenteral mercurials about 
three years ago. Last year we published a new method for 
assay of diuretics in patients with edema, which called for & 
balanced comparison of parenteral mercurial (standard) and 
test-drug, both given concurrently in their maximally ef- 
fective dose in each patient, in the setting of a therapeutic 
regimen, and the ratios of effect tested for error by the con- 
vential techniques. The results with Diuril placed its effi- 
cacy within the range of previous relatively weak oral diu- 
retics. In the present report, we applied this method to the 
more recently developed non-mercurials, also a simplification 














of the method which reduces to one-half the time for an assay. 
The results indicate a considerable advance in the efficacy 
of both oral and parenteral non-mercurial therapy. 










nel] 
nlar 


re taz0- 
e 
zide 
it 


‘or & 


utic 
ffi- 


tion 








ssay. 
Sy 


Pharmacology 


SOME NEW, HIGHLY POTENT, DIURETIC AGENTS RELATED TO BENZTHIA- 
ZIDE. J. M. McManus} A, Scriabine¥ and W. M. McLamore* Med. 
pes. Lab., Chas. Pfizer and Co., Inc., Groton, Conn. 

We have previously reported or a family of thiazide diuret- 
ics with the novel, sulfur-containing 3-substituent: -CH2-S-R. 
penzthiazide (3-benzylthiomethyl-6-chloro-7-sulfamyl-1,2,4- 
benzothiadiazine-1,1-dioxide) is still the most potent "non- 
hydro" thiazide known to us. Since hydrobenzthiazide is some- 
what more potent, however, our recent studies have been re- 
stricted to the hydro series. In view of the previously es- 
tablished importance of the sulfide function, we have further 
restricted our attention to the R substituent. Certain varia- 
tions in R have proved to be especially favorable to increased 
activity, and the compounds with R=allyl and R=/,/,/-triflu- 
oroethyl are comparable in animals to the most potent known 
drugs. As part of a study on N-alkylated thiazides, we were 
led to prepare the 2-methyl and 2,7-dimethyl derivatives of 
both these compounds. The 2-methyl derivatives were still more 
potent than their respective parent compounds, while the 2,7- 
dimethyl derivatives were both somewhat less active. All of 
these methylated derivatives were markedly longer-acting than 
the corresponding non-alkylated thiazides. The most potent of 
these new diuretics, and the most potent thiazide we have yet 
encountered, is 2-methy1-3-(3 ,f ,-trifluoroethylthiomethy1 )-6- 
chloro-7-sulfamyl-1,2,4-benzothiadiazine-1,1-dioxide (P-2525). 


Pharmacology 
ON THE MECHANISM OF THE BLOCKING OF MERCURIAL DIURESIS BY p- 
CHLOROMERCURIBENZOATE. IT, B * and A. Farah. State 
Univ. of N. Y., Upstate Medical Center, Syracuse, N. Y. 

The non-diuretic compound p-chloromercuribengzoate will 
prevent and reverse the diuretic action of mercurial diu- 
retics. To study the mechanism of this blocking effect, 
several types of experiments have been performed in dogs. 
The renal excretion of Hg?03 administered as chlormerodrin 
wes increased slightly but consistently by the injection of 
p-chloromercuribenzoate. The content of renal cortex 
was reduced by the administration of the non-d tic agent. 
Arterial-renal venous plasma differences in were de- 
creased by p-chloromercuribenzoate. Histochemical studies 
have shown that protein-bound sulfhydryl in renal cells is 
reduced by organic mercurial diuretics and that the effects 
are additive. The combination of p-chloromercuribenzoate 
with a mercurial diuretic does not give additive effects. 

In the light of all the above findings it is most likely 
that p-chloromercuritenzoate blocks mercurial diuresis by 
competing with Hg*+ for an essential receptor in the renal 
tubules. (Supported ty grant A-38,7(A ) NIH, PHS). 


Pharmacology 

DIURNAL VARIATIONS IN URINARY ELECTROLYTES DURING THIAZIDE 
THERAPY. Duncan E, Hutcheon and D.K, Rowland.*Departments 
of Pharmacology and Medicine, Seton Hall College of Medicine, 
Jersey City, New Jersey. 

The diuretic responses to 3-(2,2,2-trifluoroethylthiomethy1) 
hydrochlorothiazide and its 2-methyl analogue were compared 
by measuring renal electrolyte excretions during 4 hour inter- 
vals before and after drug administration. Single doses of 
h mg, orally of the first compound were responsible for a 
natriuretic response which had its peak effect in 4-8 hours. 
With the methylated derivative the greatest natriuretic effect 
did ‘not occur until 16-3 hours after the drug. The greater 
nocturnal creatinine clearances in these patients tended to 
be increased during chronic diuretic therapy. The daily 
administration of 3-substituted hydrochlorothiazides over a 
period of one week caused a gradual decrease in serum osmolal- 
ity which was related to a reduction in free water clearance. 
Hyponatremia, however, could be prevented by intermittent 
therapy or water restriction, (Supported by a grant from the 
United States Public Health Service. ) 





Pharmacology 


DIURETIC ACTIVITY OF 2-METHYL-3,4 DIHYDRO-3(2'2'2'-TRIFLUORO- 
ETHYL-THIOMETHYL )-6-CHLORO-7-SULFAMYL-1,2,4 BENZOTHIADIAZINE. 
A. Scriabine*, J. McManus*, B. Kondratas*, M. Yu*, S. Y. P'an, 
and W. McLamore*, Dept. of Macrobiology, Medical Research 
Labs., Chas. Pfizer & Co., Inc., Groton, Conn, 

The diuretic and saluretic activity of a new benzothia- 
diazine was studied in rats and dogs. Trichlormethiazide the 
potency of which was reported to be approximately 10 times 
that of hydrochlorothiazide was chosen for comparison. In 
rats by Lipschitz method the compound was found to be 3 to 10 
times more potent than trichlormethiazide on the Basis of 
urine volumes, Nat and Cl” excretion but less potent (0.4 
times) in increasing K+ excretion. Duration of action was 
studied in non-hydrated dogs. Oral dose of 125 mcg/kg pro- 
duced a pronounced diuretic effect of over 24 hours duration, 
while trichlormethiazide at the same dose level was effective 
approximately for six hours. The compound did not alter the 
glomerular filtration rate in anesthetized dogs infused with 
NaCl solution. In these animals the drug, 0.01, 0.1 and 1 
mg/kg, intravenously produced an increase in the excretion of 
sodium and chloride and only slight increase in the excretion 
of potassium and bicarbonate. Preliminary clinical investi- 
gations confirmed high potency and prolonged duration of 
action of this compound in man. 








Pharmacology 


NEWER THERAPRUTIC PROCLDUPES IN RESISTANT ASCITES 
OF LIVER CIRPHOSIS. F. Steigmann, S. Alvarez,” 
T. Triantafillides,* and A. Dubin.” Theraneutic 
Dept., Cook County Hospital, Chicago, Ill. 

The hopeless state of cirrhotic patients with 
resistant ascites had slightlv irmroved since the 
advent of the chlorathiazide and flumethiazide 
diuretics. The advent of the aldosterone anta- 
gonist (aldactone) gave additional help in the 
treatment of resistant cirrhoses when either 
chlorathiazide or flumethiazide were insufficient, 
In a few of still resistant cases the addition of 
prednisone has helved in producing a diuretic 
response. In the vast vear patients thus treated 
were relieved of the ascites without tapping as 
previously. Ail patients received a low salt diet 
and 300 mg. of hvdrochlorathiazide or 30 mg. of 
benzydroflumethiazide dailv. If no sufficient 
diuretic response was noted, 00 mg. aldactone, 
alone or with prednisone, was also given. There 
was no electrolyte disturbance. To date this 
procedure appears to be best for resistant 
ascites in cirrhotic patients. 
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Physiology 


INFLUENCE OF ORGANIC ACIDS AND BASES AND ALTERED RESPIRATION 
ON RENAL ACID EXCRETION. D.H. Simmons. V.A. Center and Univ. 
of Calif. Med. Center, Los Angeles, Calif. 

Urine pH and the rate of renal acid excretion (T.A.+NH,", 
vEq/kg/min.) were measured in 31 dogs for two 30-minute con- 
trol periods and 3 periods of infusion of acid (HCl, lactic, 
gluconic) or base (NaHCO3, arginine, tris-(hydroxymethyl) 
aminomethane) sufficient to change blood pH approximately 0.2 
in 90 minutes (45-80 yEq/kg/min.). However, blood pH was held 
constant by appropriate changes in ventilation with a respira- 
tion pump, resulting in simultaneous and equivalent metabolic 
acidosis and respiratory alkalosis (acid infusion) or metabol- 
ic alkalosis and respiratory acidosis (base infusion). Re- 
sults were: (1) Urine pH dropped and acid excretion rose in 
every acid-infusion experiment and vice versa following base 
infusion, indicating that metabolic acid-base disturbances in- 
fluence acid excretion more than comparable respiratory ones, 
whether due to organic or inorganic acids and bases. This re- 
sult implies that the filtered load of buffer has more influ- 
ence on renal acid excretion than does pC02. (2) Renal acid 
excretion was affected more by organic acids and bases than by 
inorganic. Both conclusions were consistent with results of 
38 additional experiments in which either pure metabolic or 
pure respiratory disturbances were induced. (Supported by 
USPHS grant A-1020) 














Physiology 


CALCIUM CLEARANCE AS A FUNCTION OF SODIUM CLEARANCE. Mackenzie 


Walser. Johns Hopkins Univ.Med.Sch., Baltimore 5, Md. 


These studies were undertaken to elucidate the relationship 


between calcium excretion, sodium excretion, and urine flow. 
Dogs were subjected to water, saline, sodium bicarbonate, or 
non-electrolyte diuresis. In some, mild salt depletion was 
induced beforehand by chlorothiazide followed by a salt-free 
diet. Calcium clearance (UV/P) was closely correlated with 
sodium clearance (r = 0.94), but was poorly correlated with 
urine flow (r = .63). Sodium-depleted dogs excreted only 
negligible amounts of calcium even during mannitol diuresis. 
The ratio of calcium clearance to sodium clearance averaged 
0.5. Since half of the plasma calcium exists as free ions, 
and since all of the urinary calcium was found to be free and 
ionized under the conditions of these experiments, it follows 
that calcium ion clearance equals sodium clearance. These 
results were independent of plasma calcium or sodium concen- 
trations, filtration rates, or urine pH, which varied from 
5.4 to 7.8. 


When examined together with the previous results of sulfate 


diuresis, these data indicate that during reabsorption, cal- 
cium and sodium are maintained in the same proportions in 
which they are presented in the filtrate. This suggests com- 


petitive binding of the two ions for a constituent of the cell 


membrane, as has been postulated to occur in cardiac muscle. 


Physiology 


EFFECT OF CHRONIC RESPIRATORY ACIDOSIS ON RENAL ACID EXCRETION. 


Norman Lewis* and Daniel H. Simmons. V.A. Center and Univ. of 
Calif. Med. Center, Los Angeles. 

Seven anesthetized dogs were studied during three 30-min. 
control periods while ventilated at a constant minute volume 
to maintain arterial pH at 7.40. Urine pH and acid excretion 
(T.A.+NHgt, pEq/min./kg) were measured. The animals were then 
placed in a plastic-hooded cage breathing 8-15% C02 for 3-8 
days and were then removed for 6 experimental periods. During 
3 periods, respiratory acidosis approximating that in the cage 
was maintained by hypoventilation with 100% 02. With ventila- 
tion unchanged, NaHCO3 (5 experiments) or tris-(hydroxymethyl) 
aminomethane (2 experiments) was infused to return arterial pH 


to 7.40 during 3 more riods. The mean results were: 
Change from control __ 


Resp. acid. | Resp. acid & base infus. 
-0.08 +0.01 


+25.0 +31.0 

Urine pH 6.78 -0.15 +0.67 

Acid excr. 1.29 +1.34 -3.70 

These data indicate that urinary acidification is influenced 
more by acute metabolic alkalosis than by chronic respiratory 
acidosis. A time lag in the renal response can therefore not 
account for similar reported results following acute respira- 
tory acidosis. (Supported by USPHS grant A-1020) 








Art. pH 
Art. pCO2,mm Hg] 34.9 














Physiology 
ENHANCED CALCIUM AND PHOSPHATE EXCRETION FOLLOWING INTRARENAL 
ARTERIAL INJECTION OF DIGITALIS GLYCOSIDzS. 


ital, New York. 

Utilizing the Bartram technique, anesthetized isotonic sal- 
ine loaded dogs (80-100cc/kg I.V.) were prepared so that the 
individual GFRs, and the excretory rates of Na, K, Cl, Ca, Mg 
and phosphate could be sequentially followed. Strophanthin 
kombe or digoxin (0.05-0.1mg/kg) was very slowly injected into 
one renal artery. Within 75-120 minutes following the injec- 
tion, a significant ipsilateral diuresis and increase in the 
excretory rates of the above ions were consistently observed 
which could not be related to changes in renal hemodynamics. 
The relative increments in the excretory rates of both calcium 
and phosphate at the height of the drug action approximated 
25% or more of the filtered loads, exceeding that for sodium. 
This selective pttern of ion excretion was not observed when 
comparable rates of urine flow and sodium excretion were in- 
duced by a systemically administered osmotic or mercurial diu- 
retic. These digitalis glycosides therefore affect tubular 
ionic transport processes in a different manner and/or site(s) 
than either osmotic or mercurial diuretics. (Supported by a 
grant from USPHS, H-)8)5.) 


Jonah De Kosovsky* 
and Sherman Kupfer. Dep't. of Medicine, The Moun nai Hosp~ 





Physiolog 
EFFECT OF RAPID AND TRANSITORY CHANGES IN URINE AND REN 
BLOOD pH ON NH, EXCRETION. L. P, Sullivan* and M. MoVaugi 
Dept. of Physiél., Univ. of Mich., Ann Arbor, Mich. ’ 
The influence of pH on NH, excretion was assessed by jp 
jecting NaHCO,, HCl or Na Fe(cn ) , together with creatiniy 
into a renal artery of actdotic Sogs in mannitol diuresis, 
15 sec. serial urine samples were collected before, duriy 
and after the 30 sec. injection period. Injection of 5a} 
mM NaHCO, caused a transient decrease in NH, excretion pg 
lleling the creatinine concentration curve. Ave. max. pf 
increase = 0.78. Ave. max. decrease in NH, excretion = 
Injection of 4-6.5 mM Na,Fe(CN). caused a transient de- 
crease in urine pH and iricrease in NH, excretion also pam 
lleling the creatinine concentration durve. Ave. max. pi 
decrease = 0.37. 
The changes in NH, excretion may be due to changes in net 
NH, diffusion raté due to the pH gradient between cell ani 
lumen. Injection of 4-10 mM HCl caused a transient decp 
in NH, excretion. Minimum NH, concentrations occurred 1}. 
30 sed. after appearance of minimum renal venous blood pl, 
15-30 sec. before appearance of minimum urine pH and 30-15 
sec. before appearance of maximum creatinine concentrat 
Ave. max. decrease in pH = 1,10 for urine; 0.85 for renal 
venous blood. The decrease in NH, excretion may be due t 


increased diffusion of NH3 into adia blood. 


Pharmacology 


EFFECT OF CHOLINERGIC AGENTS ON URINARY EXCRETION OF SODIUM 
AND POTASSIUM IN RATS. M, Kathleen Carter and Schales L,. 
Atkinson,* Dept, of Pharmacology, Tulane University, School 
of Medicine, New Orleans, La. 

Previous work on isolated kidney slices (Fed. Proc., ly, 
32h, 1955) demonstrated that cholinergic compounds such as 
acetylcholine and physostigmine affect transport of sodiun 
and potassium, The effect of acetylcholine was diminished ij 
kidney slices from adrenalectomized rats, Kuschinsky and 
Langecker (Arch. exp, Pathol, Pharmakol., 204, 699, 197) 
reported that in dogs atropine inhibited the increased 
excretion of sodium and chloride following administration of 
acetylcholine and physostigmine. In the present experiments 
physostigmine salicylate (0.1-0,3 mg./kg.) and neostigmine 
bromide (0,01-0,05 mg./kg.) administered intravenously to 
orally hydrated rats caused a significant increase (5 to 10 
fold) in the amount of sodium excreted during a three or 
four hour urine collection period. The effect on urine 
volume and potassium excretion was variable but usually 
increased (about 2 fold). Atropine sulfate (0,1 mg./kg.) 
given simltaneously with the physostigmine inhibited the 
above mentioned effects, Preliminary experiments indicate 
that this effect of physostigmine is lacking in adrenalec- 
tomized rats. (Supported by USPHS Grant RG 5247 and Senior 
Research Fellowship SF-15). 
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STUDY OF GLOMERULAR FILTRATION. ELECTRON MICROSCOPY OF 
KIDNEY FOLLOWING DEXTRAN INFUSION IN THE RAT. J. A. James 
and C. T. Ashworth.” The University of Texas Southwestern 
Medical School, Dallas, Texas. 

Rats were given intraperitoneal injections of 3% Dextran 
for 14 days, following which the kidneys were studied. The 
glomerular epithelial cells were found with electron micro- 
scopy to contain aggregates of Dextran particles. These 
particles were also found in the proximal convoluted tubu- 
lar epithelial cells and in histiocytes in the interstitial 
tissue. The findings were interpreted as indicating that 
particles of the size of 280 R are able to pass through the 
glomerular capillary wall, and that the glomerular epithel- 
ial cells incorporate some of these particles, retaining 
them*in their cytoplasm for an unknown period of time. 
Some of the particles enter the glomerular filtrate, and 
are then taken up by the cells lining the proximal convo- 
luted tubules; while some of the Dextran, in transit from 
the tubule, is incorporated and retained in the cytoplasm 
of histiocytes. (Supported by grant from USPHS.) 





Ave. Max. increase in NH, excretion = 


rea 5S gas 


sz 
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MEASUREMENT OF SHORT-CIRCUIT CURRENT ACROSS PROXIMAL 


TUBULES IN THE RAT KIDNEY. Erich E. Windhager* and Gerhard 
Giebisch, Dept. of Physiology, Cornell'Univ. Medical College, New 





An estimate of active net transfer of ions across the proximal tubu- 
lor epithelium of single rat nephrons was made by the use of Karger's 
modification (Zeitschr. f. Naturforschung 14b, 118, 1959, F.W. Eigler, 
Pfluger's Arch. ges. Physiol. 272,41, 1960) of the short-circuit method 
of Ussing and Zerahn. The method consists in the measurement of that 
current, which applied across the proximal tubular wall by means of a 
microelectrode, reduces the effective resistance of the membrane to 
zero. Correlation of short-circuit current with area, and measurement 
of total transtubular conductance was made possible by application of 
cable analysis to the proximal tubule. This was done by passing a 
known current through one microelectrode into the tubular lumen and 
recording voltage displacements at known distances within the same 
tubule by means of a second microelectrode. The results indicate a 
high transtubular conductance which limits effective short-circuiting 
toa tubular segment of about one diameter in length. Measurements 
of short-circuit current indicate a transfer of ionic charge of the same 
order of magnitude as the calculated net flux of sodium across the 
proximal tubule of rat kidneys. 





Physiology 


THE EFFECT OF ALDOSTERONE AND ALDOSTERONE-INHIBITOR SC8109 ON 
SODIUM TRANSPORT IN THE ISOLATED FROG SKIN. David E. Penney,* 
Robert D. McAfee,* and William Locke.* VA Hosp. and Ochsner 
Foundation, New Orleans. 

Isolated membranes such as the frog skin, which actively 
transport sodium ions and produce bio-electric current, pro- 
vide models which may be applicable to other biological trans- 
port systems, The isolated frog skin 2 LL allows a 
study of the effects of hormones and anti-hormones on sodium 
transport and bio-electric activity to be made which avoids 
the complicating homeostatic mechanisms present in the intact 
animal, We have studied the effects of electrolyte-active 
steroid hormones and their inhibitors with respect to ion 
transport in the isolated membrane. Choosing dosages of the 
same order of magnitude as those achieved in pharmacological 
dosages in whole animals, we have observed that aldosterone 
increases sodium transport significantly above control levels, 
and the aldosterone inhibitor SC8109 effects a significant de- 
crease in sodium transport. The effects of these substances 


were ouantitatively measured by means of the method of Ussing 
and Zerhan, which has been automated in our laboratory. 





Physiology 

TRANSIENT EXCRETION OF PHOSPHATE RELATED TO URINARY ACIDIFI- 

CATION IN DOGS. G. Carrasquer* and W. A. Brodsky., Univ. of 

louisville, Dept. of Medicine, Louisville, Kentucky. 
Transient net secretion of phosphate was not found after 

close-arterial injection of NaHoPO, under conditions of res- 

Piratory acidosis (15% COj inhalation) superimposed upon 

H2P0, induced metabolic acidosis (plasma P=5.0 mM/L). In 

addition, reproducible secretion was not found after injection 

of HPO," during H2PO,~ acidosis, and after injection of HoPO,~ 

during HPO,” alkalosis. Previous data showed reproducible 

het secretion after close arterial injection of HoP0,” during 

HeP0,” induced acidosis, but not after injection of HPO,” 

during HPO," induced alkalosis. Plasma phosphate was about 

5 mM/L in all cases before close-arterial injections. Given 

@ steady-state elevation of plasma phosphate, demonstration 

of transient phosphate secretion requires serum acidosis and 

transient spiking in the perfusing level of H2P0,~ ions. How- 

ever, COo inhalation resulted in disappearance of net 

Phosphate secretion. Either secretion of HoPO,~ is reduced 

competitively, or reabsorption of HoP0, is accelerated 

during respiratory acidosis wherein Ht secretion and/or HCO, 

Teabsorption probably contribute to acidification of the 

urine. Tubular production of acid urine appears to be a 


Consequence of the acid-base properties of specific ions 
destined for excretion. 


(NIH and MRDB,SGO support.) 








Biochemistry 


DISTRIBUTION OF POTASSIUM IN KIDNEY SLICES. 
May Institute, Jewish Hospital and Dept. of Physiol., U. of 
Cincinnati, College of Medicine, Cincinnati, Ohio. 

After prolonged exposure of rabbit kidney cortex slices to 
cold saline approx. 1/3 of the cell K remains in the tissue. 
This K (fraction I) may be bound or sequestered within the 
cell. It does not equilibrate at an appreciable rate in the 
cold with extracellular Rb “°* In contrast, uptake of Rb into 
the diffusible cell K (fraction II) can be observed in the 
cold if loss of this fraction is prevented by substituting K 
phosphate or mannitol for the NaCl. It follows tinat the cell 
membrane remains permeable in the cold. The temperature depen- 
dence of inflow into fraction I indicates its close link to 
metabolism. Uptake of Rb into fraction II occurs at low and 
high temperatures; it appears to consist of both active and 
passive components. To test further the distinction between the 
2 fractions equilibration of cell K with Rb was ing | at i 
in Og- Under steady state conditions in S0,-Ringer (5 mM K), 
the 2 compartments equilibrate at the same rate. Raising the 
K level in the medium leads to proportional increases in pass- 
ive uptake of K+Rb, without corresponding acceleration of the 
active component. If passive inflow concerns only fraction II, 


faster equilibration of this fraction than fraction I would 
now be expected. In agreement with these views cell K was ob- 


e ved . a fxchpnge at 2 different rates in the presence of high 
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SIMULTANEOUS BIDIRECTIONAL TRANSPORT OF 
DIODRAST AND PAH IN NECTURUS KIDNEY. W.B. Kinter 
and George A, Tanner.* Harvard Med. School, Boston, Mass. 

Unlike most vertebrate kidneys in which active tubular 
transport of Diodrast and PAH appears to occur only in the 
direction of secretion into tubular fluid, Necturus kidney ex- 
hibits evidence of active transport in either direction across 
tubular epithelium (Kinter et al. Am. J. Physiol. 199:931, 
1960). In present studies on pithed Necturi, a small intra- 
vascular dose of fatty acid, e.g. 1 millimole octanoate or 
phenylacetate/kg body weight, increased simultaneous Dio- 
drast/ and PAH/creatinine clearance ratios from control 
values approximating 0.2 to values near 2.0. After smaller 
doses, Diodrast ratios less than unity were obtained in the 
same clearance periods with PAH ratios greater than unity. 
Change in pH of body fluids alone had little effect on Diodrast 
transport. It is concluded that in Necturus over-all transport 
of these organic anions does not involve "non-ionic" diffusion 
but rather is the net result of simultaneous active transport 
in both directions which is revealed by the differential effect 
of fatty acids. (Supported by Army Contract DA-49-007-MD- 
624). 


Physiology 


ISOLATION AND CHROMATOGRAPHIC SEPARATION OF OVINE URINARY 

COLLOIDS ON DIFFERING DIETS AND FOLLOWING DIETHYLSTILBESTEROL 
ADMINISTRATION. Charles E. Cornelius*, *, and 
- Department of Clinical Pathology, Univ. of 


L. Ralph Berger* 
Calif., Davis, California 


Information concerning the quantity and chemical nature of 
the total non-dialyzable biocolloids in ruminant urine is non- 
existent. These biocolloids were isolated by ultrafiltration 
and separated by their solubility in 1 M NaCl. Significant 
increases occurred in the concentration and daily excretion of 
the urinary salt-soluble colloidal fraction/Kg of body weight 
following subcutaneous implantation of 15 or 60 mg diethyl- 
stilbesterol in sheep. Upon changing the diet from roughage 
to concentrate feed, the concentration of salt-soluble col- 
loids increased due to a decrease in urine volume; however, 
no increase occurred/Kg of body weight/day. The salt-insoluble 
“uromucoid" reacted as a homogeneous protein when purified on 
DEAE-cellulose anion exchanger. Salt soluble urinary colloids 
eluted from DEAE-cellulose similar to ovine serum proteins. 
Quantitatively, the largest fraction of salt-soluble colloids 
migrated as alpha-globulins and albumin when examined electro- 
phoretically. (Supported by USPHS 3296-A) 
















Physiology 


THE RELATIONSHIP OF THE RENAL TUBULAR SECRETION OF POTASSIUM 
AND 3-METHYLAMINOISOCAMPHANE HYDROCHLORIDE (MECAMYLAMINE) IN 
THE DOG. Lou Ann Pilk on* and M, Jack Keyl*, Dept. of 
Physiology, Univ. of Oklahoma School of Medicine, Oklahoma 
City, Oklahoma. 

Renal excretion of mecamylamine has been attributed to 
non-ionic diffusion (Milne, Scribner and Crawford, Am. J. Med. 
24: 709, 1958; Scribner, Crawford and Dempster, Am.J. Physiol. 
196 (5): 1135, 1959) and a pH-sensitive transport mechanism 
(Baer, Paulson, Russo and Beyer, Am. J. Physiol. 186: 180, 
1956; Lotspeich, Ann. Rev. Physiol. 20: 339, 1958). Clearance 
experiments on anesthetized female dogs were conducted to 
determine whether there was a direct relationship between the 
excretion of mecamylamine and K+. During mannitol diuresis 
and metabolic acidosis with mannitol diuresis, acute Ke 
infusion depressed mecamylamine clearance. Urinary pH in 
these experiments remained constant or decreased. With acute 
infusion of mecamylamine, K+ clearance was not depressed, It 
is concluded that mecamylamine is excreted both by non-ionic 
diffusion and by a pH-sensitive transport system, presumably 
in competition with K+. (Supported by NIH Grants A-2167-C 
and HF-11,028), 


Physiology 


RENAL EXCRETION OF TETRACYCLINE IN THE DOG. W. J. Sullivan* 
and G. M. Fanelli.* Dept. of Pharm. Res., Lederle Labora- 
tories, Pear. ver, N. Y. 

The renal excretion of tetracycline has been studied in 
the dog using tritiated tetracycline prepared in these 
laboratories. Previous studies in these laboratories in- 
dicated virtually no metabolism of tetracycline in periods of 
at least 24 hours. In conventional clearance experiments, 
the clearance of tetracycline free in the plasma water (Cro) 
has been compared with concurrent creatinine clearance (Cop). 

has been found to depend on the pH of the urine, and 
This clear- 


c,,./C 

ine g icular on the urine-plasma pH gradient. 
ance ratio is higher in acid urines, and decreases as urine 
becomes more alkaline. Over a fairly wide range of plasma 


concentration (P,,), Cr /C is independent of Py. Studies 
using known inhibitors of renal secretory processes 
(probenecid, Cyanine No. 863) yield no evidence for active 
transport of tetracycline. Stop flow experiments confirm 
the dependence of (U/P),,/(U/P),, on urine pH. (U/P)p¢ falls 
slightly in proximal samples; 8 is of questionable sig- 
nificance. Results are consistent with a distribution of 
tetracycline determined by nonionic diffusion. 


Pharmacology 


RENAL EXCRETION PATTERNS OF MALIC ACID IN THE DOG. 
P. Vishwakarmat Department of Pharmacology, Queen's 
University, Medical Faculty, Kingston, Ontario, Canada. 

Using the stop-flow method (Malvin, R.L., WeS. Wilde and 
LePe Sullivan, Am. Je Physiole 194: 135, 1958) the excretion 
patterns of malic acid along the renal tubule were studied 
during infusions of l-malate, fumarate and succinate. The 
infusion of l-malate itself caused a net reabsorption of 
malic acid and this reabsorption occupied the proximal 
tubular position--the same segment that showed p-Amino- 
hippurate (PAH) secretion. The infusion of fumarate 
producing equivalent plasma concentrations of malic acid 
showed a marked increase in net malic reabsorption. The 
reabsorption still occupied the proximal segment. In 
contrast, during tne infusion of succinate, a net secretion 
of malic acid was seen. This secretion also occurred in 
the same proximal segment of the nephron. 

Thus, both reabsorption and secretion of malic acid were 
seen in the same proximal segment. The distal areas 
appeared to have no such activity for this anion. Further, 
a simltaneous bidirectional movement of malic acid could 
not be shown by this method. (Supported by grants from 
UeSePeHe and Bickell Foundation). 





rrerneall 


EFFECTS OF THYROIDECTOMY AND THYROXINE ON THE RENAL UPTAKE @ 


PAH AND TEA. * and Bowman | 
Gray Sch.Med., Wake Forest College, Winston-Salem, N.Carol 
Thyroidectomized male and female Sprague-Dawley rats shows! 
a depression of tubular transport of para-aminohippurate (Pj 
22-25 days post-operatively, as determined by the tissue slig: 
method; while thyroidectomized rats given 10 Y thyroxine daily 
subcutaneously for 7 days, beginning 15-18 days post -operatiye 
ly, showed no change from controls. These results confirm th 
findings of Farah et al. (Endocrinol. 58: 399, 1956). Simulte 
neous determination of tetraethylammonium (TEA) in the above 
experiments showed only insignificant depression of the S:M 
ratio by thyroidectomy and also no effect by thyroxine admin 
istration. However, thyroxine administered as above to intag 
rats for 22-25 days caused a marked depression of both PAH ag 
TEA transport in both sexes. Farah et al. (op. cit.) reporte 
that the same dose of thyroxine given for 5 days to intact 
male rats of the same strain caused no change in the PAH S;¥ 
ratio. The time course of the effect(s) of thyroxine adminis. 
tration on the S:M ratios of PAH and TEA in intact rats is 
under study. The results for thyroidectomy emphasize the dif- 
ference in the pathways for PAH and TEA transport; however, the 
results with the prolonged thyroxine injection are not in ac- 
cord with this interpretation. | Supported by grants from NHI 
(HTS-5392) and the North Carolina Heart Association. | 


Pharmacology 
THE EFFECT OF CIGARETTE SMOKING ON THE EXCRETION OF PHENOL RQ), 
R.R. Levine, E,W. Peli and C.J. Kensler. Boston Univ. 
School of Med., Boston, Mass. 

Smoking one cigarette every 30 minutes did not affect water 
diuresis or phenol red excretion following an I.V. dose of 6m 
of dye. Results obtained for 25 well-hydrated medical studem 
who smoked during this experiment were compared with results 
from 30 non-smoking "cgntrol" students. The lack of effect of 
smoking on diuresis is in contrast to that reported by Walker 
(Quart. J. Med. 16:51, 1949). In both groups there was no 
correlation between the amount of phenol red and the volume of 
urine excreted when this volume was in excess of 1 ml/min. 
This study was done as part of a class experiment in medical 
pharmacology designed to investigate primarily the rate of 
absorption and excretion of phenol red. Phenol red was also 
administered I.V. in 3 and 12 mg doses and P.O., S.C. and 1m 
in 6 mg doses. The total amount of phenol red was determined 
colorimetrically in urine voided at 15 minute intervals in the 
first hour and at 30 minute intervals for the next 2 hours. 
There were no significant differences in per cent of dose 
excreted among the I.V. doses at any time after injection; 
about 80% of the I.V. doses was excreted in 3 hours. In 3 
hours about 10% of the oral, 55% of the S.C. and 80% of the 
I.M. dose was excreted. 


Pharmacology 


RENAL CIEARANCE STUDIES ON AMPROLIUM, A NEW COCCIDIOSTAT, IN 
DOGS. J. E. Baer, H. F. Russo* and K. H. . Merck 
Institute for Therapeutic Research, West ee Pennsylvania. 
Amprolium /1-(4-amino-2-propyl-5-pyrimidiny1lmethy1) -2- 
picoliniumchloride hydrochloride; ‘amprol'/ is a potent 
coccidiostatic agent that has recently proven effective in 
extensive field trials. Chemically, it is related to thiamin 
In connection with the pharmacological and toxicological 
evaluation of the agent, it was considered important to 
investigate (1) the rate at which the agent was eliminated 
by the kidney, and (2) the effect on the renal clearance of 
amprolium of pH and plasma level, factors that are known to 
influence the renal transport of basic substances. It has 
been found in the dog that the renal clearance of amprolim 
approached renal plasma flow rate, indicating tubular 
secretion. The clearance was depressed with increasing 
Plasma levels: at rolium plasma levels of 0.6 and 8.9 
mg./1., “amprolium/“creatinine was 3.3 aga 1.8, a 





As urine pH was raised from 5.7 to 8.3, “amproli 
creatinine fell from 3.8 to 1.9. 
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RENAL TRANSPORT OF ORGANIC ANIONS: A UNIFYING HYPOTHESIS. 
Agamemnon Despopoulos. University of Louisville Medical 









+s shovel ME School, Louisville, Kentucky. 
ate (PAK) Active renal tubular excretion of organic anions has been 
sue sligg Mm examined in an attempt to define the nature of the physico- 


ine daily chemical interaction between transported substrates and a 
erating postulated receptor in renal cells, Comparison of more than 






firm th fe 150 organic anions permits tentative description of a general 
Simulty #@ molecular structure which defines substrate specificity of 

> above the transport system. Intramolecular components which appear 
1e S:M to be essential for transport include an unsaturated oxygen 

» admins ME group (-C:0; -S:0) and an ionic function (-COOH; -(0)S00n; 

© intag (@ -(0)SONH-)- A three-point interaction with the receptor 

1 PAH agj fe can be satisfied by formation of a hydrogen bond at the 
reporte qm unsaturated oxygen (-C:0; -S:0) and both a hydrogen bona and 
tact an ionic bond at the anionic group. These postulates are 

AH S:M invoked to account for participation of such widely divergent 


adminis. structures as hippurates, penicillins, sulphonates, sulphona- 
s is mides and organo-mercurial diuretics in what appears to be a 
he dif. single transport function. 

fever , the 

_ in ace 

‘om NHI 
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=NOL REDE ryguLAR SYNTHESIS AND SECRETION OF KREBS CYCLE 

mids ACIDS IN CHICKEN. William D. Lotspeich and Seraphim 
Woronkow*. Univ. of Rochester Med. Center, Rochest- 

a er, New York 





) of In metabolic alkalosis there is frequently organ- 
studem ic aciduria. Most is citrate with lesser amounts of 
sults (ketoglutarate. It has been thought that these two 


fect acids are preferentially synthesized by tubule 
Walker cells and diffuse into luminal urine. For this rea- 


Bes. son chickens were infused in one leg vein with 

Lame Krebs cycle intermediates, and the rate of excre- 
iin. tion of each intermediate by each kidney measured. 
dical Greater excretion on ipsilateral side means tubular 
r of excretion (Sperber). Citrate and Gketoglutarate 

} also are preferentially secreted by tubules during in- 
ind Il fusion of Gketoglutarate, succinate and fumarate. 
rained Addition of malonate with the latter two acids, ac- 
) in the celerates citrate and Gketoglutarate secretion. 
urs, 


With citrate infusion there is also elevated excre- 
tion of citrate and Gketoglutarate, but equally on 
Ons both sides. These observations partially explain 


the preferential nature of citrate and dketoglutar- 
the ate excretion in alkalosis, and provide additional 
evidence for the tubular synthesis and secretion of 
intermediates of the Krebs cycle. 
8) Physiology 
Tt, W 


SOURCES OF URINARY AMMONIA, R.J. Shalhoub,*M. Canessa- 
vania. @ [ischer,* W.A. Webber,* S. Glabman* and R.F. Pitts, Cornell Univ. 
2. Medical College, New York City. 

Sources of nitrogen appearing in urine as ammonia in acidotic dogs 
in have been studied by column chromatography of arterial and renal ve- 
hiami® B nous blood (method of Stein and Moore). Dogs have been made acidot- 
ic by repeated oral administration of ammonium chloride. Renal venous 
ted blood was collected through a catheter introduced via the jugular vein. 
of True renal plasma flow has been calculated from urinary excretionand 

to arteriovenous difference of creatinine, employing the correction of 
nas Wolf. Arterio-venous differences (+ and -) of amino and amide nitro- 
lium gen multiplied by renal plasma flow have been summed and compared 
with rate of ammonia production (excreted in urine and added to renal 
venous blood). Reasonable agreement ( 15%) has been found in both 
voli acidosis and alkalosis. In confirmation of Van Slyke et al, glutamine 

bas been found to be the major source of urinary ammonia in acidosis. 
Valine, methionine, leucine and glycine also contribute significantly. 
Their extraction decreases in alkalosis. Alanine, serine, threonine 
and glutamic acid are negatively extracted, i.e. added to effluent 
blood in both acidosis and alkalosis. 











Physiology 


THE EFFECTS OF GLUTAMIC AND ASPARTIC ACIDS ON THE 
RENAL CLEARANCE OF ENDOGENOUS AMINO ACIDS. 
William A. Webber.* Dept. of Physiology, Cornell Univ. Medical 
College, New York. 

The plasma concentrations and excretions of naturally occuring 
amino acids were measured in dogs before and during the infusion of 
progressively increasing concentrations of glutamic or aspartic acid. 
The infusion of either of these amino acids sharply increased the plasma 
level and rate of excretion of the other. In the case of aspartic acid 
infusion, the absolute amount of glutamic acid reabsorbed was de- 
pressed in the final clearance period. No significant changes were 
noted in the reabsorption of either the basic or neutral amino acids 
with the exception of alanine. During the infusion of glutamic acid 
plasma alanine, filtered alanine, and reabsorbed alanine rose. There 
was a rise in excretion and a slight fall in the percentage of the fil- 
tered load reabsorbed. It appears that, while dicarboxylic amino 
acids do not interfere with the transport mechanisms for the basic and 
neutral amino acids, there may be competition for reabsorption be- 
tween glutamic and aspartic acids. The increased plasma levels of 
the uninfused acidic amino acid and alanine probably result from trans- 
amination. 





Physiology 
RENAL CLEARANCE OF FRUCTOSE IN DOGS. David P. Lauler*, 
James B. lee*, Richard B. Bourne* and John P. Merrill. 
Peter Bent Brigham Hospital and Harvard Medical School, 
Boston, Mass. 

As part of a systematic study of renal metabolism it was 
felt of interest to investigate transport of carbohydrates 
other than glucose. The renal handling of fructose was 
studied in 120 clearance periods in 13 separate experiments 
on anesthetized mongrel dogs weighing approximately 20 Kg. 
After initial priming, a sustaining infusion of creatinine 
and fructose (0-10 gm.%) was delivered at 7 cc./min. Arterial 
bloods were collected and urine samples obtained by bladder 
wash-out. Fructose was determined in plasma and urine by a 
resorcinol method after removal of glucose by glucose oxidase. 
A tubular maximum for fructose reabsorption of 35-440 mg. /min. 
was found. Titration studies with increasing fructose plasma 
concentrations from 0 to 500 mg.% showed a markedly widened 
"splay" compared to similar studies with glucose. In three 
experiments using stop flow technique, minimum fructose 
concentrations were found in proximal nephron segment 
associated with P.A.H. secretion and glucose reabsorption. 
These studies suggest active reabsorption of fructose in 
proximal tubules of dogs. This reabsorption is characterized 
by a maximal rate. 
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CREATININE EXCRETION BY THE DOG KIDNEY DURING 
SEVERE MANNITOL DIURESIS. Robert E. Swanson* and 
Ali Hakim*, Dept. of Physiol., Univ. of Minn., Minneapolis. 
Inulin (in. ) and creatinine (cr.) excretion in 3 dogs during 
severe mannitol diuresis and during ureteral clamping were 
studied as follows: Midway during a 10' clamping period in. 
and cr. were injected simultaneously. Serial urine collec- 
tions were then made (Series I) following release of the clamp. 
Then cr. and in. were added to the 20% mannitol sustaining 
fluid to maintain stable plasma levels. After 20-30 minutes 
a second ureteral clamp was applied for 10', followed by 
serial urine collections (Series II). The average plasma 
creatinine in the 3 dogs was 5.6 mg%. In Series I the exogen- 
ous creatinine appeared ahead of inulin in all 3 dogs. The 
average free-flow cr. /in. clearance ratios (pre- and post- 
occlusive of Series II) was 1.5. A maximum avg. cr. /in. 
clearance ratio of 2.1 was obtained in Series II collections 
which coincided with the maximum PAH/in. clearance ratio. 
We conclude that creatinine is secreted by the dog proximal 
tubule and that its use as an indicator for water reabsorption 
during severe osmotic diuresis especially at low plasma 


freatinine concentration is therefore subject to question. 
Supported by USPHS Grant No. A-2239). 
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SUPPRESSION OF TUBULAR SECRETION OF URIC ACID BY PYRAZINAMIDE 
IN THE DALMATIAN HOUND. Ts'ai-fan Yu, Lawrence Berger* and 
Alexander B. Outman.* Mt. Sinai Hospital, New York, New York. 
Pyrazinamide causes marked renal retention of uric acid in 
man and mongrel dogs, as shown by a sharp fall in Curate/Cer. 
Whether this uric acid retention results from decreased 
tubular secretion or increased tubular reabsorption is not 
established, since both tubular reabsorption and secretion of 
uric acid have been shown to occur in man and mongrel dogs. 
In the Dalmatian hound, however, tubular reabsorption of uric 
acid is deficient, and a fall in Ourate/Ccr caused by pyra- 
zinamide would imply decreased tubular secretion. In all 3 
Dalmatians given 1.0 gm pyrazinamide intravenously, Curate/Cer 
fell from a pre-medication mean of 1.38 to a mean of 0.82; in 
3 of 4 Dalmatians given 0.5 gm pyrazinamide Cyrate/Cer also 
fell significantly. Ina stop-flow experiment on a Dalmatian, 
U/P ratios of uric acid to creatinine before injection of 
pyrazinamide were: pre-stasis 1.34, peak in more proximal 
tubular segment 2.0, peak in more distal segment 1.46, post- 
stasis 1.40. After injection of pyrazinamide, the respective 
values were 0.88, 1.35, 1.05, 0.84. The data thus demonstrate 
suppression of tubular secretion of uric acid by pyrazinamide. 
It is implied that in man and mongrel dogs uric acid retention 
by pyrazinamide likewise is ascribable to inhibition of tub- 
ular secretion of uric acid. 


Physiology 
R, Portwood*, F, Manfredi* and 
F, Downey*. Duke University, Durham, N.C, 

The renal effects of the intravenous administration of .3M 
THAM buffer have been studied under conditions of controlled 
plasma pCOj in dogs during metabolic and respiratory acidosis. 
Regardless of the baseline condition of the animal, the THAM 
infusion produces urine alkalinity, a marked me: diuresis, 
and increased Cl~ excretion without a rise in Na* and K* ex- 
cretion. There is a depression of HCO3~ reabsorption, expres- 
sed as a function of plasma (HCO3~), for any plasma pCO? ob- 
served. THAM, as estimated from titration curves, is rapidly 
excreted into the urine where it appears to function as a non- 
teabsorbable cation, thus accounting for the chloruresis. The 
depressed HCO,” reabsorption may likely be a reflection of the 
presence of THAM within the tubular lumen with a resultant re- 
duction in H+ ion gradient that can be established across the 
tubular membrane. These data lend further support to the con- 
cept that renal bicarbonate reabsorption is mediated. through 
processes linked with the tubular secretion of H*. 


RENAL EFFECTS OF THAM BUFFER. 
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MICROPUNCTURE STUDY OF THE EXCRETION OF INULIN AND CERTAIN 
ELECTROLYTES BY THE RAT KIDNEY. Phyllis A, Bott and Judith B. 
Litchfield.* Woman's Medical College of Pa., Philiadeliphia,Pa. 
Series of experiments extends results reported (Am.J.Med.Sci 
257: 155/791,1959) on excretion of inulin, sodium, potassium 
and chloride by the kidneys of rats. Most collections of fiu- 
id were made from the first two thirds of proximal tubules 
during infusion of 1@% inulin in 0.9% NaCl at a rate of about 
1.6 ml per hour (Non-diuretic animals) 'tho a few were coliect- 
ed from distal tubules and/or during forced mannitol ciuresis. 
The non-ciuretic rats usually excreted 0.2 - 0.6 mi/hr/kidney 
of very acia urine of high osmotic pressure. For the proximai 
tubuies of these animals inulin concentration ratios were of 
such magnitude as to confirm the conclusions of Walker, Bott, 
Oliver and Mac Dowell concerning the percent of filtered water 
which could be reabsorbea proximally. On the same samples of 
proximal tubule fluid K concentrations were found to be be- 
tween 4.2 and 7.6 mmole/i, most being between 4.5 and 6.. 
Also in the same kidneys Na concentration ratios for the prox- 
imal tubules ranged from 0.49 to 1.18 with a tendency to be 
highest in the later parts accessible. Ci concentration ra- 
tios ranged from 1.02 to 1.39 in this region. Wa and Cl val- 
ues are similar to those obtained by Walker, Bott, Oliver and 
Mac Dowell. (Supported by a grant from the Life Insurance 


Medical Research Fund.) 
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THE EFFECT OF SELECTIVE, UNILATERAL RENAL TUBULAR DAMAGE ON 






























THE EXCRETION OF CITRATE. T. Frederick Nicholson. Univ. of jg EFFEC 
Toronto, Toronto, Canada. : (THAN 
The injection of a 3 mg# solution of potassium dichromate [§ pHLO! 
into one renal artery with removal of the solution through a Pappe 
puncture in the vein of the same kidney damages approximately 3) 
the first third of the proximal tubule of the dog's kidney, 3M 
Similar infusion of 1% dl tartrate damages roughly the last. ‘ 
two thirds of the vroximal tubule. The nephrons distal to the Wot, 
loops of Henle are damaged by retrograde injection of 50 mgf 1 ml/k 
mercuric chloride uo one ureter. Damage to any of these thres In bot 
portions of the nephron results in increased excretion of decreé 
citrate from the damaged kidney. In no instance is the tut. nary 9 
lar damage followed by a decreased citrate excretion. These cemia 
results indicate that the renal excretion of citrate is ordim. GFR) 
rily a product of filtration and reabsorption and that normally ized @ 
active excretion or secretion of citrate does not occur, 

(Supported by a grant from the National Research Council of Clear 
Canada. ) Cr) ir 
rate s 
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Biochemistry 
THE REMOVAL OF RIBONUCLEASE FROM THE 38LOOD AND ITS CATABOLISM RFLEA 
IN THE KIDNEY, W.L.Hughes and F, Gregoiret aggre 
Brookhaven National Laboratory, Upton, N.Y. 1 Ex ta 
Ribonuclease labeled with 1131 by the IC1 method rapidly ay 
accumulates in the kidneys following IV injection in rats, Pa 
When the quantity injected is small (1.5y), within 5 min, up part 
to 50% of the injected radioactivity can be found in the h on 
kidneys still proteinebound. If larger amounts are injected a b 
(0.51.35 mg), the percentage found in the kidneys decreases pyruv 
and labeled ribonuclease appears in the urine, suggesting that and ¢ 
some reabsorptive mechanism of the tubular cells is being of th 
Saturated. During the next hour labeled ribonuclease leaves cyan’ 
the kidney with a half-time of about 30 min, Kidney slices inore 
prepared from rats sacrificed 5 min, after injecting 0.7 mg studi 
of labeled ribonuclease and incubated under aerobic conditions prote 
in Krebs-Ringer-phosphate medium show a progressive release rate | 
of iodide and of additional radioactivity extractable by init 
butanol. The rate of this process is such that approximately decre 
30 to 50% of the ribonuclease-1131 present in the slices is aon 
broken down in 2 hrs, Ribonuclease added to control kidney of br 
Slices is not catabolized under the same conditions. This of a 
Suggests that also in vivo ribonuclease can leave the kidney bath’ 
by a degradative pathway. Supported by U.S.Atomic Bnergy absor 
Commission and Belgian Scientific Commission for NATO. cell 
NTH, | 
Pharmacology 

RENAL TUBULAR TRANSPORT AND MOLECULAR STRUCTURE OF = 
SOME ACETAMIDOBENZOIC ACIDS. P, K, Knoefel, K, C, Chil 
Huang and C,_H, Jarboe*. Dept. of Pharmacology, Scho 
University of Louisville, School of Medicine, Louis- Ma 
ville, Ky. Anot 
Four acetamidobenzoic acids and their iodinated in r 
derivatives have been examined for transtubular mo- 1 
tion in the dog, and their acid dissociation con- — 
stants, lipoid/aqueous solubility, and UV and IR rats 
spectra determined. Varying experimental con- as f 
ditions of volume and acidity of urine show that the 5 
compounds undergo tubular absorption according to days 
classical theory, and permit evaluation of their ex- oad 
cretory transport. The results can be interpreted sore 
on the basis of the introduction of steric hind- A 
rance by the iodine atoms. Thus, o-acetamidobenzoic othe 
acid, intramolecularly bonded and not transported cont 
into the lumen, on iodination is not so bonded and decr 
is transported. Flanking of a p-eacetamido group hist 
with I does not interfere with transport, but flank- —_ 
ing the carboxyl with I does do so. (Supported by va 
PHS grant H-3639) from 


























































Pharmacology 


EFFECT OF 2-AMINO- 2-HYDROXYMETHYL-1, 3- PROPANEDIOL 
) ON GLYCOSURIA INDUCED BY PANCREATECTOMY OR 

PHLORIZIN. J. Strauss*and G.G. Nahas“ (introduced by E. M. 
Papper) Columbia Univ. Coll. of Phys. & Surgeons, New York 

3 pancreatectomized dogs were given I. V. 1 ml/kg/min. of 
,3M THAM for 1 hour. Six dogs received 100 mg Phlorizin/kg B. 
wot(l/2 I.V. and 1/2 subcutaneously). One hour after Phlorizin 
| ml/kg/min. of .3M THAM was administered I. V. for 1 hour. 
In both instances, total glucose present in the urine markedly 
decreased. In the pancreatectomized animals, the reduced uri- 
nary glucose which was accompanied by a 15-20% fall in gly- 
cemia, was due to a marked drop of glomerular filtration rate 
(GFR) and was unrelated to tubular activity. In the phlorizin- 
ized animals, THAM produced a slight decrease in Glucose 
Clearance (C,.), while the simultaneous Inulin Clearance (Cin 
Cr) increased. The TG which was decreasing at a very rapid 
rate stabilized after the start of THAM. The filtered glucose 
expressed as % of T. which had decreased after Phlorizin 
started increasing following THAM. Such results were not ob- 
tained when sodium bicarbonate was given instead of THAM. 
The site of action of THAM on the glycosuria of Phlorizin is 
probably at the tubular level. 


Pharmacology 


RELEASE OF p-AMINOHIPPURATE FROM RENAL SLICES. A, Farah and 
Mi, Frazer*. Dept. of Pharmacology, State Univ. of I’. Y., 
Upstate Medical Center, Syracuse, N. Y. 

A method for studying the release of p-aminohiprurate (PAH) 
from dog renal slices has been devised. A rapid and slow 
release phase have been observed. The extent of the rapid 
phase is controlled by the PAH concentration ir the medium and 
can be changed by the addition of acetate, lactate and 
pyruvate. The slow phase conforms to a first order reaction 
and this is probably due to a rate limiting reaction which is 
of the first order type, high temperatures, extremes of pH, 
cyanide, azide, succinate, & ketoglutarate and diodrast 
increase the rate of release of PAH at all concentrations 
studied. Low concentrations of dinitrophenol, octanoate and 
probenecid increase while high concentrations decrease the 
rate of release of PAH. If PAH release is accelerated by 
dinitrophenol, cyanide or succinate, probenecid or octanoate 
decrease PAH release at all concentrations studied. The 
above data indicate that PAH release is controlled ty the rate 
of breakdown of an intracellular PAH complex and by the rate 
of a facilitatory transport of free PAH from the cell to the 
bathing fluid. The latter process may be related to a re- 
absorption process or may control the passage of PAH from the 
cell to “ tubular lumen. (Supported by grant H-2835(C3) 

NTH, PHS). 
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HYPOPHOSPHATEMIA AND AMINOACIDURIA IN RATS FED TRANS- 
ACONITIC ACID. Francis X,Fellers*and Gordon F, Vawter. 
Children's Hosp. Med. Center and Harvard Med. 

School, Boston, Mass. 

Maleic acid induces aminoaciduria in rachitic rats. 
Another stereoisomer, trans-aconitic acid was studied 
in rachitic rats. Trans-aconitic acid was added to a 
final 5% of the rachitogenic diet. Urinary alpha- 
amino nitrogen increased from a control range of less 
than 1% to 3.6-8.8% of the total urinary nitrogen. 20 
rats of 60-80 gms. were divided into 4 groups and fed 
as follows; A- normal diet, B- 5% cis-aconitic acid, 
G- 5% trans-aconitic acid, and D- 1.5% NH,Cl. After 7 
days, the animals were sacrificed. Group ¢ animals 
excreted increased urine volumes of high acidity, and 
increased titratable acidity, ammonium, and organic 
acid content without significant increase in urinary 
P, Alpha-amino nitrogen increased by 50% over the 
other groups. There were minimal changes in serum CO: 
content, Na, K, Ca, and Cl, but there was significan 
decrease in serum P concentration in group C. Routine 
histological sections of kidney did not show 
Significant alterations among the groups. Neither 
acid-loading nor morphological change appear to be 
Causative factors. (Supported in part by a grant 
from Nat. Inst. of Health, H-2656. ) 
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RENAL CLEARANCE OF CITRIC ACID IN THE DOG. A. P. Grollman* 
H, C. Harrison and H. E. Harrison. Johns Hopkins Univ. School 
of Medicine and Baltimore City Hospitals, Balto., Md. 

The effects of acidosis, alkalosis, fluoroacetate, aceta- 
zoleamide and certain dicarboxylic acids of the Krebs cycle 
on the renal excretion of citric acid in the dog have been 
studied. Citrate clearances were increased by alkalosis or 
fluoroacetate and diminished by acidosis or acetazoleamide, 
At elevated plasma citrate concentrations the citrate clear- 
ances were less than the GFR both during metabolic alkalosis 
and after fluoroacetate poisoning. The citrate clearances at 
normal plasma citrate levels became equal to the GFR follow- 
ing infusion of sodium malate, succinate or malonate. 
Utilization of citrate was inhibited by malate loading. 
These data are consistent with a renal mechanism of citrate 
excretion involving filtration and reabsorption but not 
secretion, The reabsorption and subsequent utilization of 
citrate by the tubule cell appear to be competitively 
inhibited by the Krebs cycle substrates malate and succinate 
and also by malonate. (Aided by Grant No. A668, from the 
National Institutes of Health.) 
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ISOLATION OF PORCINE OVARIAN RELAXIN. Herman Cohen. 
Princeton Laboratories, Inc., Princeton, N. J. 

The use of glacial acetic acid and oxidized 
cellulose to purify porcine ovarian relaxin has been 
described (Arch. Biochem. & Biophys. In Press). 
Relaxin isolated by this procedure has a biological 
activity equivalent to 250 gepeue/mg. Further puri- 
fication by isoelectric precipitation and chromatog- 
raphy on cellulose columns indicates the basic 
nature of the hormonee CMC-cellulose resolves the 
substance into three components, only one of which 
exhibits biological activity. With DEAE-cellulose 
two components are apparent, the biological activity 
residing in the cationic fraction. Counter-current 
distribution using 2-butanol-0.2% TCA yields four 
components with K = 0,061; O.413 1.773 54. 
Biological activity is concentrated in the peak with 
K = 1.77- 
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ELECTRICAL POTENTIALS BETWEEN GENITAL TRACT AND ABDOMINAL 
WALL. Kenneth E. Greenwalt* and Hugh A. Lindsay*. W. Va. 
Univ. Med. Center, Morgantown, W. Va. 

The purpose of the study was to resolve disputed claims of 
shifts in electrical potential between genital tract and abdom- 
inal wall occurring with ovulation. Recordings were carried 
out on rabbits under Dial-Urethane anesthesia. Potentials 
were recorded, as described by Parsons, MacMillan and Whit- 
taker, by saline-filled electrodes leading into calomel half 
cells in conjunction with an amplifier and pen recorder. In 
some experiments pressure within the tract was simultaneously 
recorded. Ovulation was induced by the injection of gonado- 
trophins; controls were injected with physiological saline. 
In experimental animals there were no unique peaks in poten- 
tial, as recorded from the uterus, attributable to ovulation. 
Furthermore there was no statistical difference in the number 
of peaks occurring in control and experimental animals. In 
the dual recordings shifts in potential were paralleled by 
shifts in pressure. The results indicate that recording of 
potential under these conditions reveals only muscular, ac- 
tivity. 
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ACTION OF RELAXIN ON THE MYOMETRIUM OF THE RAT. M. R. 
Callantines!, R, C. Sanbornsand M. X. Zarrow. Dept. Biol. 
Sci., Purdue Univ., lafayette, Indiana. 

The effect of relaxin on the myometrium of the pregnant 
rat was studied in vitro under isometric conditions. Estro- 
gen and progesterone domination, as shown by the positive and 
negative staircase, respectively, was determined by varying 
the frequeucy of electrical stimulation. Estrogen-dominated 
uteri showed two distinct peaks of tension when the strength 
of stimilation was increased in steps from 1.6 to 14.1 v/cm 
resting length. The first peak occurred at 1.9 v/cm and the 
second at 11.7 v/cm. As the concentration of relaxin? was 
increased in steps from 0,8 to 3.2 GPU/ml, tension decreased 
in a stepwise manner when a stimulus of 1.9 v/cm was employed; 
no effect was observed with a stimulus of 11.7 v/cm, or if 
relaxin had already caused a decrease in uterine tension 
(1.9 v/em) this effect was reversed. Progesterone-dominated 
uterine strips responded to high doses of relaxin by showing 
increased tension (1.9 v/cm). Spontaneously contracting pro- 
gesterone-dominated uteri also exhibited increased relaxation 
between contractions. The negative staircase was abolished 
with high doses of relaxin using a stimlus of 1.9 v/cm. 
lusPH Fellow; 2Courtesy of Dr. R. L. Kroc, Warner-Lambert 

Research Institute. 
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RAT AMNIOTIC AND YOLK FLUIDS. J, N. Barker. Jefferson Medical 
College of Philadelphia, Pa. 

By ultramicrochemistry, the previously undefined fluid en- 
vironment of fetal rats can be characterized for individuals 
within the same and other uteri. Volume (V) and up to 10 con- 
centration parameters (C) of fluids from over 400 fetuses on 
day 19-21 of 55 gestations have been related to the following: 
fetal, placental, and membrane weights; fetal water content, 
urine and plasma C; maternal plasma C. Fluids (0-400 pl of 
each) were collected after normal gestation, nembutal Na, H20, 
NH4Cl, papaverine, or prior removal of fluids. V decreases 
and C become more variable with age. Ranges in amniotic (A) 
fluids are 220-513 mosm/1, and 103-216, 3-27, 72-138, 6-32, 
2-8, 2-12, and 0-9 mM/1 for Na, K, Cl, HCO3, PO,, urea and NH 
respectively, and 0-2.6 g% protein. Minimum pH is 6.8; maxi- 
mum PcO2, 74 mm Hg. Gradients between A, yolk (Y), and matern- 
al fluids are not consistent in unselected populations, and 
may be reversed experimentally. Wide variability in both V 
and C between Y and A, even of adjacent fetuses, reflects 
differences in fetal metabolism, e.g., HO content and urine 
composition. Fetal factors cause large variations in A and 
smaller ones in Y, while maternal factors alter the base line 
for the fluctuations. All treatments resulted in increased 
hydration and fluid formation of some fetuses, and increased 
mortality at normal delivery. (Supported by USPHS RG-6584) 


Physiology 


INDUCTION OF MAMMARY SECRETION IN PREGNANT RATS AND RABBITS BY 
HYDROCORTISONE ACETATE, P. K, Talwalker*, C, S, Nicoli* and 
J. Meites. Dept. of Physiology and Pharmacology, Michigan 
State University, East Lansing, Michigan. 

Mammary secretion does not begin in the rat until about the 
19th day and in the rabbit on about the 29th day of gestation. 
In this study, mammary secretion was observed on the 10th and 
14th days of pregnancy following subcut. injections of 2 mg. of 
hydrocortisone acetate (HCA) daily during the 5-9th or 9-13th 
days, respectively, The same dose of HCA also initiated mam- 
mary secretion on the 14th day when injected during the 9-13th 
days of pseudopregnancy, Other treatments during mid-pregnan- 
cy were ineffective, including saline, prolactin, ACTH, oxyto- 
cin, prolactin and ACTH, and prolactin and oxytocin, No 
treatment altered duration of pregnancy or number of young 
born, In rabbits, injections of 15 mg. HCA daily during the 
16-19th days of gestation initiated copious lactation on the 
20th or 2lst day, Injections of saline or oxytocin during the 
same period were ineffective, These results suggest that an 
insufficiency of biologically active adrenal glucocorticoids 
may be partially responsible for the absence of mammary secre- 
tion during pregnancy (Supported by NIH grant C-3448), 
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Physiology 

INHIBITION OF SPERVATOGENESIS. W.O. Nelson and D.J. Pa’ 
Population Council, Rockefeller Institute, N.Y. ; 

Studies on a series of compounds (certain dichlorodiamings 
and diamides) from the Sterling-Winthrop Laboratories have 
shown that spermatogenesis is halted at the primary spermato: 
cyte stage. Similarity of this effect to that of nitrofuramy 
led to study of the most potent compound (Win18446) in paraliy 
with the most potent nitrofuran (Furacin). When 30-day male 
rats were treated 30 days at 50 mg./kg. doses daily, Furacin 
caused reduction in testis weight to 31% of controls while ¥ 
18446 caused reduction to 39% at 50 mg./kg. and to 30% at 
100 mg./kg. Effects of both compounds were similar and revep 
sible, corplete recovery occurring after cessation of treat 
ment. Neither caused reduced androgen production. Earlier 
studies had shown the Furacin effect required action of gonajp 
trophin. This experiment was repeated with Winl18446 and Pure 
cin. Complete gonadotrophin inhibition by estradiol injectig 
(0.01 mg. daily) together with Winl8446 or Furacin resulted i, 
the histologic picture of estradiol only -- inhibition of 
spermatogenesis at spermatid stage. Exogenous gonadotrophin 
(P.u.S., 100 units daily) with Winl8446 or Furacin, and estre 
diol returned the picture to spermatocytic arrest. Studies 
with J. MacLeod indicate Winl18446 similarly inhibits spermato 
genesis in men. This compound inhibits sperm formatior with 
out reducing androgen production and depends on concomitant 
action of gonadotrophin. 


Physiology 


EFFECT OF N,N'-BIS(CICHLOROACETYL)1, 8-OCTAMETHYLENEDIAMINE 
ON THE REPRODUCTIVE CAPACITY OF ADULT MALE RATS. 

G. Q. Potts*, D. F. Burnham* and A. L. Beyler*. Sterling: 
Winthrop Research Institute, Rensselaer, New York. 


N,N'-bis(dichloroacetyl)1,8-octamethylenediamine was ad- 
ministered orally to a group of male rats at a dose level of 
62.5 mg./kg. daily except Sunday for 12 weeks. Other mle 
rats which received the 1% gum tragacanth vehicle served a 
the control. The male rats which received the drug were 
sterile when mated with reproductively mature female rats 
during weeks 9 through 12. Representative numbers of control 
and treated rats were autopsied at the end of the 12th week, 
Testiculer weights of the treated rats were significantly 
smaller than those of controls. Histologically, spermato- 
genesis was completely arrested whereas the Leydig cells ap- 
peared normal. The androgen producing capacity of the tes- 
tes, as judged by sex accessory organ weights, was not al- 
tered. Seventy-five percent of the remaining treated rats 
had recovered their reproductive capacity within 3 months 
after drug withdrawal. 


Physiology 


A STUDY OF THE DECAPACITATION FACTOR PRESENT IN RABBIT 
SEMINAL PLASMA. J, M, Bedford*. The worcester Foundation for 
Experimental Biology, Shrewsbury, Mass. 

The fertilizing capacity of rabbit sperm recovered from 
the uterus is lost following treatment with seminal plasm, 
but is regained following a further period in the female tract. 
The decapacitation factor in seminal plasma has been shown to 
be non-dialyzable; its action is not destroyed by freezing at 
-18°C for ah hrs., nor by heating at 65% for 30 min. 
Following ultracentrifugation of seminal plasma, diluted 1:1 
with lactate-Ringer solution, for 2 hrs. at 105,100 g. the 
decapacitation factor remained present abewe a fixed boundary 
in the supernatant (0% of 31 experimental ova vs. 86% of 30 
control ova fertilized). After 3 or more hours at 105,00 g. 
the decapacitation factor disappeared (62% of 45 experimental 
ova vs. 83% of 41 control ova fertilized). The ultraviolet ~ 
spectrum of the seminal plasma after 2 hrs. at 105,100 g. 
shows a single peak in the region of 275 m. This suggests 
that the active factor may be a protein or protein conjugate. 
It is possible that inhibition of fertilizing ability of the 
capacitated sperm by this factor is due to a specific coating 
effect which results in a block of certain activity on the — 
sperm head (Supported by a grant from NIH RG-69hh. 
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Physiology 

QUANTITATION OF THE SHIFT IN METABOLISM IN PULLETS AT THE 
ONSET OF LAY. L. F. Wolterink. Dept. of Physiol., Mich. 
state Univ. and Mich. Agr. Expt. Sta,, East Lansing, Mich. 

Measurement of feed consumption, body weight changes, and 
weight of eggs produced, along with estimation of "basal" 
getabolism by various standard equations at different ages 
and body weights allows us to partition the energy balance of 
the White Leghorn pullet into its gross compartments. 
Calories not associated with growth, egg production or basal 
metabolism are regarded as associated with "activity". On 
this basis, the activity of pullets declines 50% as egg pro- 
duction increases from 0.2 to 0.6 eggs per day. This finding 
supports the concept that the hypophyseal hormones responsible 
for ovarian function are "inhibited" by "activity". 


Physiology 


SYNCHRONOUS MITOSES IN STARVED PLASMODIA OF THE MYXOMYCETE 
PHYSARUM POLYCEPHALUM. Edmund Guttes* and Sophie Guttes*. 
Dept. of Biology, Brown Unive, Providence 12, Rhode Island. 
In well-fed plasmodia of polycephalum the nuclei 
undergo synchronous mitoses at intervals of 12-14 hours. 
When the plasmodia are transferred to non-nutrient balanced 
salt solution the DNA and RNA content decreases within the 
following 8 days to about 25-30% of the original value. 
During this time the nuclei continue to undergo synchronous 
mitoses at intervals of 24-36 hours, with more than 50% of 
them degenerating within each interphase. Mitosis is im 
mediately followed by DNA synthesis which requires more than 
9 hours for completion. The synchrony of mitoses permits 
experiments in which only parts of the plasmodia are employed, 
while the rest serves as control. When parts of starved 
plasmodia were transferred to growth medium at an early stage 
of interphase the onset of mitosis was advanced as compared 
to the controls which were left on the starvation medium. 
However, when this transfer was done at late interphase, it 
caused a delay of mitosis. 


Biochemistry 


INHIBITION OF GROWTH OF CHICK EMBRYO IN SHELL=LESS CULTURE. 
William L. Williams and M. A. Boone¥® Department of Chemistry, 
University of Georgia, Athens. 

It has been reported that seminal plasma destroys ferti- 
lized rabbit eggs (M. C. Chang Proc. Nat. Acad. Sci. 36, 188, 
1950). In investigating this phenomenon with fertilized hens' 
eggs cultured in petri plates it was found that the destruc- 
tion of the developing embryo was indirect and resulted from 
Tupture of the yolk membrane. ‘The membrane rupturing factor 
(MRF) was heat labile and present in rooster, bull, ram and 
human seminal plasma. ‘The most ptent source of MRF was venom 
of Bothrops jararaca causing rupture at 2 micrograms per egg 
in comparison to 250 micrograms required of seminal plasma 
solids. In contrast to other work (T. Saeki and T. Morichi 
Proc. Soc. Exp. Biol. Med. 101, 648, 1959) potent hyaluroni- 
dase preparations were inactive. MRF was also high in sperm 
cells which suggests that it may be a spermegg interacting 
substance. The shell-less culture technique proved suitable 
for quantitative evaluation of substances that inhibit early 
embryonic growth. Aminopterin etopped growth at 2.5 micro- 
stams per egg but MER-25, azaserine, ethionine and dicumarol 
Were ineffective at 50 micrograms per egg since 3 to 4 day 
gtowth can be measured accurately in the plates with calipers. 





Pharmacology 


EFFECT OF CHLORAMIPHENE ON FERTILITY AND OVULATION, Dorsey E. 
Holtkamp, Robert H, Davis*, and Jackson E, Rhoads*, Scien- 
tific Laboratories, The Wm, S, Merrell Company, Div, of 
Richardson-Merrell Inc,, Cincinnati, Ohio, 

Chloramiphene (1-p-B-diethylaminoethoxy)phenyl7-1, 2-di- 
phenyl-2-chloro-ethylene)citrate has gonadotrophin inhibiting 
and anti-fertility properties (PSEBM, 105:197,1960), Current 
experiments in male rats involving oral treatment (0,3, 1, 5, 
or 25 mg/kg/day) started either 30 or 60 days before and con- 
tinued during cohabitation breeding, showed 1 mg/kg/day to re- 
duce fertility but 5 mg/kg/day to be the lowest 1Q0% anti- 
fertility dose for each period of treatment, In females with 
oral treatment (0,01, 0.03, 0,1 mg/kg/day or higher doses) 
started 5 days before and continued during cohabitation, the 
lowest 100% anti-fertility dose was 0,1 mg/kg/day, Fertility 
resumed after cessation of drug administration, Mechanistic 
studies were done in female rats by counting corpora lutea 
and by flushing and counting ova in fallopian tubes, In imma- 
ture females, doses of 0,1, 1, or 5 mg/kg/day for 14 days, 
failed to change the number of ova released during PMS-chori- 
onic gonadotrophin-induced super-ovulation, In cycling rats, 
the number ovulating was dose-dependently reduced by 1 and 3 
mg/kg/day given for the 2 days before expected ovulation, 
whereas lower doses had no effect, 





Pharmacology 


ENDOCRINE AND OTHER BIOLOGICAL EFFECTS OF CHLORAMIPHENE, 
E, F, Van Maanen, Joseph G, Greslin*, Dorsey E, Holtkamp, and 
William M, King*, Scientific Laboratories, The Wm, S, Merrell 
Company, Div, of Richardson-Merrell Inc,, Cincinnati, Ohio, 
In immature female mice chloramiphene produces an increase 
in uterine weight which is minimal with 0,3 mg/kg/day (for 3 
days) and reaches a maximal plateau with 3 mg/kg/day or more, 
This plateau is approximately 25% below the maximal response 
to estradiol, Chloramiphene antagonizes the uterotrophic 
effects of estradiol, Maximal antagonism amounts to 30% and 
is obtained with 3 mg/kg/day or more, Chloramiphene does not 
produce progesterone-like, anti-progesterone, androgen-like, 
or anti-androgen effects, Chloramiphene does not interfere 
with release of ACTH or TSH from the pituitary as judged from 
their respective target organ histology, Intravenously in 
anesthetized dogs chloramiphene in doses of 1 to 10 mg/kg pro- 
duces a slight fall in blood pressure (8-20%) lasting 1,5 to 
1l minutes, In the isolated guinea pig heart it increases 
coronary flow, The acute LDso's for chloramiphene in mice are 
390 mg/kg intraperitoneally and 1700 mg/kg orally, Death 
appears to be due to respiratory arrest, Doses of 1, 5, and 
25 mg/kg/day for 6 weeks in rats decreased food intake and 
concomitant body weight gain, Final body weights were for the 
females 22, 25, and 27% below controls and for the males 29, 
33, and 39% below controls, The livers of all drug-treated 
rats were within normal morphologic limits, 


$29 RESPIRATION 
Physiology 


EFFECT OF DEAD SPACE MIXING AND ASYNCHRONOUS VENTILATION ON 
THE MEASUREMENT OF UNEVEN VENTILATION. R.E. Jr.*, Dept. of 
Physiology, Dartmouth Medical School, Hanover, N.H. 

Nitrogen wash-out or closed-circuit helium wash-in curves 
which contain two exponential components can be analyzed in 
terms of a simple parallel-ventilated lung model with two 
homogeneously ventilated chambers. Calculations are described 
which indicate that when this simple model is complicated by 
either (a) mixing of contributions from the two chambers to 
the gas in a common dead space, or (b) asynchronous ventila- 
tion of the two chambers, ("Pendelluft"), the expected equif- 
libration curve still contains only two exponential components. 
Consequently, it fully resembles the curve obtained from a 
simple, parallel-ventilated model. A numerical solution is 
possible only in terms of the latter, but the calculated 
volumes and turnover rates of the chambers of the simple model 
differ from those of the complicated model which generated the 
curve. It is found that, in the presence of either complica- 
tion, measured either by the open circuit or the closed 
circuit method, one always overestimates the size of the 
poorly ventilated space. The error is trivial when ventilation 
is markedly unevenly distributed, but becomes increasingly 
significant as ventilation becomes more even. (Supported in 
part by Res. Grant No. H-3302 from the NIH. The MIT Computing 
Center contributed time on the IBM 70) Computer). 
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Physiology Pharmacology 
TOLERANCE TO ANOXIA AND DEVELOPMENT OF CEREBRAL SUCCINIC Surface Active Films As 4 Model Of lung Injury By Irritant aay aun 
DEHYDROGENASE AND CYTOCHROME OXIDASE ACTIVITIES IN THE RAB- Gases, Richard ¥. Mendenhall® and (Cogn B. Stokloger, U8 x, Do 
BIT. $.Cassin® and C.S.Herron, Jr.*, Dept. Physiol. ,Med. P, H, S., Div, of Occupational Health, Cincinnati, Ohio, tity, 
School, Univ. of Florida, Gainesville, Florida. Saline washings of the mouse lung were layered on varigy Ar 
Newborn rabbits tolerate 30-35 minutes of anoxia; adult hypophases, With serum dialysate rresent in the * (Rile 
rabbits withstand anoxia for 3-5 minutes. To gain more in- film pressure in the presence of ozone increased over that ij 75 hw 
. ™, oa 
formation concerning mechanisms of resistance of the newborn ite absence. The addition of Tepazole (2-methyl=l-mercapto. dead 
mammal to anoxia as compared with the adult, we studied imidazole) or A, E, T, (aminoethylisothiouronium bromide-HBr) 156 0 
changes in cerebral succinic dehydrogenase and cytochrome protected the films from the action of ozone if serum dialw Effec 
oxidase activities in rabbits varying in age from less than sate was present in the hypophase, but the film pressures ven on in 
24 hours to adulthood. Succinic dehydrogenase and cyto- rapidly reduced in its absence, Both Tapagole and A, BE, 7, subje 
chrome oxidase activities were very low at birth, but gradu- protect the mouse from otherwise lethal doses of ozone. The measu 
ally increased until 15-18 days postnatally. Between 15-18 results indicate the presence of a eurface-active film in the & (7), 
days a "critical period" in the development of these enzymes alveolus which, together with the hypophase upon which it (650 
was reached; adult levels of activity were attained. jt is resides, forme a primary barrier against pulmonary edema fon tread 
also at this critical period'' in time that the tolerance of mation caused by ozone, However, this barrier, because of thy from 
the developing rabbit to anoxia becomes as poor as that of increase in its surface pressure, may be a primary cause of was 1 
the adult. The increase in oxidative enzyme activity is in emphysema produced in animals by long term exposure to oxone, Highe 
agreement with the hypothesis that the metabolism of the perio 
mammal is transformed from predominantly anaerobic at birth than 
to aerobic with maturation. (Supported by Contract from 
AF 41(657)-102 with the School of Aviation Medicine.) lary 
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Physiology Pharmacology 
SMALL ANIMAL BODY PLETHYSMOGRAPH. Sheldon F. Gottlieb* and THE CENTRAL ACTION OF MEGIMIDE ON RESPIRATION. Z.E.KaatyiGil Tur | 
Robert V. Jagodzinski*. Tonawanda Taboratories, Linde Com- W. K. Li*, G. McCoy* and M. H, Harmel*. Depts of Anes- POST} 
i * Physiolo; State University of New York 
pany, Division of Union Carbide Corporation, Tonawanda, New thesiology and Phy SY» y : LATI( 
York. Downstate Medical Center, Brooklyn, N.Y. ¢. Er 
This report will describe a plethysmographic technique for The effect of megimide (B-ethyl-B-Methylglutarimide) on Coil. 
the quantitative measurement of the rate and depth of respi- respiration was studied (1) in intact nembutalized dogs, (2) Ir 
ration of small animals. The chamber consists of an open- in decerebrate dogs and (3) in cross-perfused dogs (Kao, Am.J, @ arte: 
ended hemicylinder. Tight-fitting male and female tapered Physiol. 184:145,1956). In nembutalized dogs megimide durit 
flanges of suitable dimensions containing a rubber "O" ring (10mg/kgm) caused an increase in ventilation accompanied by durit 
and in a sliding relationship to the chamber are used to convulsion whereas in decerebrate dogs with similar or larger Inte1 
seal the rear of the chamber. The seal is effected by con- dosages caused only an increase in ventilation. In cross- durit 
pressing the "oO" ring to the chamber's inner wall. The perfused dogs, ventilation of the recipient dog increased when vent: 
flanges also serve to restrict the animal's movements. A megimide was injected (1) into the femoral vein of the donor  & the 1 
rubber membrane with a small circular hole, through which dog,(2) into the carotid artery leading to recipient's head, 1 1 
the tail of the rat would fit snuggly is attached to the Ventilation of the donor dog increased when megimide was — 
flanges by compression by means of another flange. An in- injected into its femoral vein which signifies that carotid al 
flatable cuff membrane through which the animal's head would chemoreceptors were not the primary site of action. “ei ps i 
fit is attached to the front of the chamber. The pressure- therefore, probably stimulates ventilation through a centri mpr' 
sensing device consists of a linear differential transformer action. (Supported by @ grant from NIH B-1907). = 
(LDT). The core of the transformer is attached to a rubber pla 
membrane situated on top of the chamber. The coil forms are dist 
attached to the chamber by a vernier device (to facilitate _ 
obtaining a null voltage). Calibration of the instrument 
will be described and data of the tidal volume of normal 
rats will be presented. 
330 RESPIRATION—Alveolar Ventilation 
Physiology Physiology 
TNFLUENCE OF 7-AMINOBUTYRIC ACID (GABA) ON VAGAL RESPIRATORY STUDIES, OF REGIONAL PULMONARY VENTILATION AND PERFUSION USING § Effe 
REFLEXES. J. A. Schneider, A. B, Drakontides*, and L. A. XENON), W.C. Ball, Jr.,* P.B. Stewart,* L.S. Newsham, and Bf Blo 
Mulierif Dept. of Macrobiology, Medical Research Labs., Chas. D.V. Bates, Royal Victoria Hosp. and McGill Univ., Montreal,2Q § r, | 
Pfizer & Co., Inc., Groton, Conn. Xenon*-’, a chemically inert radioactive gas, has been used § }j-; 
Respiratory changes following 7Y administration of GABA were to study variations in ventilation and perfusion of different pre 
reported by Elliott and Hobbiger (J. Physiol. 146:70 (1959). regions of the lung. Gamma radiation from xenon within the lig T 
Recent investigations of Drakontides (Am. J. Physiol. 199 (5): is detected by an array of externally placed scintillation com | 
748 (1960) demonstrated an inhibitory effect of GABA on slowly ters, the pulses from which are recorded on multichannel magne § “45 
adapting pulmonary stretch receptors. Since these receptors tic tape for storage and subsequent playback through count-reté buti 
are thought to be instrumental in respiratory regulation meters and a direct-writing recorder. the | 
possible correlation of these findings was studied. Respira- The subject first breathes from a closed spirometer circuit § con: 
tory tracings of pentobarbital anesthetized cats representing containing air and a known concentration of - Count rate & with 
quantitative volume changes were obtained by whole body plateaus obtained during breath holding after an initial inspi- § nin 
plethysmography, Simultaneously, intratracheal pressure, blood ration are compared to the same plateaus after rebreathing util per 
pressure, EKG and inspiratory active afferent vagal discharges equilibrium with the circuit is reached. By this technique ti f 
were measured, All parameters were recorded simultaneously ratio of inspired air volume to total ventilable lung volume 
with a multichannel photographic recorder. The results ob- can be determined for each region studied. After washout fol- outp 
tained indicate a direct correlation between decrease in rate lowing air breathing is complete, a known amount of 3 dies § vent 
of firing from pulmonary stretch receptors with an increase in solved in normal saline is injected intravenously. Being of by 4 
depth of inspiration following IV injection of GABA. No con- limited ‘solubility, the tracer diffuses almost completely into thes 
Clusive evidence of changes in inspiratory or expiratory effort the alveoli in one circulation, giving count rates indicative pati 
was found during occlusion of the trachea after the drug. It of regional perfusion. From the data of these two experiment® § i, , 
is concluded that respiratory function following GABA may be ventilation-perfusion relationships in each region can be om= and 
infiuenced by a peripheral mechanism, in which the inhibitory puted. Wide variations can be demonstrated in abnormal lungs, Nati 
effect of the drug on pulmonary stretch receptors is involved. and related to the spatial distribution of the disease proces® 
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RESPIRATION 


Physiology 
PULMONARY VENTIIA TION=PERFUSION RELATIONSHIPS. J. E. Cohn and 
H, Donoso*. Utah Univ. Med, School and VA Hosp., Salt Lake 
tity, Utah. ‘ 
Arterial blood gas tensions (Papo, Pacog) were measured 
(Riley) supine and during steady-state treadmill exercise in 
7$ hunans with abnormal lungs. Venous admixture (Qv/Qt) and 
dead space (Vp/Vr) ratios were computed (Lilienthal et al.). 
754 of the ratios were smaller during exercise than at rest. 
Effects of supine rest, mild treadmill exercise, and step test 
on intrapulmonary distribution were assessed in 20 similar 
subjects in whom lung compliance (Cy, - Mead et al.) was 
measured at different tidal volumes (Vp) and respiratory rates 
(f). Cy was significantly higher at large Vr than with normal 
(650 ml) Vr; doubling f caused a marked fall in Cy. During 
treadmill exercise, Qv/Qt fell while Vp increased 2-3 fold 
from resting levels. Step test produced Pay, below rest; Vr 
was larger than at rest but smaller than treadmill values. 
Higher Cy, at larger Vp plus smaller Qv/Qt % in treadmill 
periods implies more evenly distributed alveolar ventilation 
than at rest and lower Vp. Low step-test Pao may result 
from local alterations of alveolar ventilation and/or capil- 
lary perfusion. Conclusion: Pulmonary ventilation-perfusion 
relationships may vary with the conditions under which they 
are determined. Local mechanical factors, as they are affec- 
ted by Vt, f, or cardiac output, will influence the complex 
relations between ventilation and perfusion in the lung. 


Physiology 


THE EFFECTS OF VOLUNTARY HYPERVENTILATION AND INTERMITTENT 
POSITIVE PRESSURE BREATHING ON THE DISTRIBUTION OF VENTI- 
LATION AND THE DISTRIBUTION OF PERFUSION. W.A. Briscoe, 

G. Emmanuel”, W.M, Smith”, and A. Cournand. Columbia Univ., 
Coll. of Physicians and Surgeons, ork City. 

In each of 5 patients with emphysema, minute ventilation, 
arterial oxygen and CO» oxygen consumption were determined 
during air breathing and a No washout curve was performed 
during 09 breathing in 3 states: (1) at rest, (2) during 
Intermittent Positive Pressure Breathing (I.P.P.B.), and (3) 
during Voluntary Hyperventilation (V.H.) for 15 minutes at a 
ventilatory volume, approximating that reached during I.P.P.B. 
The minute ventilation in the 3 states averaged 10, 18 and 
15 1./min. Oxygen consumption averaged 277, 298 and 319 
cc/min., arterial oxygen saturation 89%, 96% and 96%, arteri- 
al Poon 46, 33, 36 mm. The rise in saturation during I.P.P.B. 
is little more than would be expected from the measured 
improvement in distribution of ventilation. The rise in 
saturation during V.H. is apparently too large to be so ex- 
plained, and it may be necessary to invoke changes in the 
distribution of perfusion. (Supported by a grant from the 
National Heart Institute. ) 





Physiology 


Effect of Exercise on the Distribution of Ventilation and 

Blood Perfusion to the Lung in Emphysema. G, Emmanuel*, 
F, Moreno*, Gloria Torres*, and H, A, Lyons. * Dept. of 

Medicine, State Univ. of New York, Downstate Med. Center, 
Brooklyn, New York. 

The distribution of ventilation was assessed by the N2 
Washout technique during prolonged O2 breathing. The distri- 
bution of blood perfusion to the lung was estimated by using 
the N2 washout data, the arterial O2 saturation and the O2 
consumption. Those studies were performed in 10 patients 
with pulmonary emphysema at rest, and during 18-24 
minutes of treadmill exercise. At rest it is found that 61 
per cent of the lung volume is ventilated by 8 per cent of the 
minute ventilation and perfused by 52 per cent of the cardiac 
output. During exercise 62 per cent of the lung volume is 
ventilated by 8 per cent of the minute ventilation and perfused 
by 44 per cent of the cardiac output. The significance of 
these estimates will be discussed, It is concluded that in 
patients with emphysema the major part of the lung volume 
is underventilated and underperfused with blood both at rest 
and during exercise. (Supported by a grant from the 
National Institutes of Health, H-5757.) 








331 RESPIRATION—Blood Gases 
Physiology 


FURTHER OBSERVATIONS ON GASEOUS EXCHANGE FOLLOWING 
PULMONARY EMBOLISM IN DOGS, |. Bruderman*, M. Stein*, and 
S. Wessler. Beth Israel Hosp. and Harvard Med. School, Boston, Mass. 
Autologous serum-induced thromboemboli obstructing pulmonary arter- 
ies in dogs produced arterial O2 unsaturation, decreased arterial plasma 
dissolved Op after ventilation with 99 .6% O2, and increased arterial- 
alveolar PCO, gradients (Fed. Proc. 19:380, 1960). Additional studies 
in 35 animals ncoravaned that ventilation with 99.6% Oo under posi- 
tive pressure significantly augmented the observed post-embolic decrease 
in arterial plasma dissolved O, After 3 to 36 hours, both O» saturation 
and dissolved Oz under at eric or positive pressure O- ventilation 
retumed to pre-embolic levels. The Poo.» gradient, which was not 
significantly increased above control levels by bronchodilator drugs, did 
not retum to pre~embolic values before 3 days. The amount and distri- 
bution of pulmonary emboli at necropsy did not correlate either with the 
reversal of the arterial O2 saturation or with the elimination of the 
PCO? gradient. Thus, although massive autologous pulmonary emboli 
induced a variety of profound alterations in blood gaseous exchange, 
the alleviation of these physiologic defects was not dependent on disso~ 
lution of the obstructing emboli. ( Supported by a grant from PHS 
H-3795.) 





Physiology 
AN INSTRUMENT FOR INTRAVASCULAR DETERMINATION OF OXYGEN SATU- 
RATION. Y. Enson”, W.A. Briscoe, M.L. Polanyi* and A. 
Cournand, College o - and Surg., Columbia Univ., 
New York, N.Y. 

An oximeter developed by the American Optical Company 
which employs flexible glass fibers to conduct light into and 
from the bloodstream, has been studied with respect to accu- 
racy, linearity and reproducibility of results. Measurements 
are made on blood flowing past the tip of either an arterial 
needle or cardiac catheter which contain two bundles, each 
consisting of 80 fibers 0.075 mm, in diameter. One bundle 
transmits to the blood a beam of appropriately filtered light 
which alternates in wavelength between 660 mM and 805 m 
twenty times per second, while the other conducts, to a photo- 
multiplier, light which has been transmitted through the blood 
and reflected back to the sampling tip. The ratio of inten- 
sities of reflected light at each wavelength is related to 
oxygen saturation. Calibration curves in vitro and in vivo 
appear to be linear with blood from different subjects, and 
independent of hematocrit. Thus it is possible to measure 
oxygen saturation within the heart and blood vessels almost 
instantaneously without sampling or subject to subject stand- 
ardization. The instrument is also used to trace indocyanine 
green dilution curves at 805 mu within the heart or an artery. 
(Supported by a grant from the National Heart Institute). 
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RESPONSE OF THE DEVELOPING VASCULAR SYSTEM OF THE 
CHICK EMBRYO TO HYPEROXIA. S.C. Allen. Chicago 
College of Osteopathy, Chicago, Tri. 

There is a considerable body of evidence indic- 
ating that the toxic effects of oxygen are exerted 
directly on the vascular system. This possibility 

has been examined further by exposing fertile White 
Leghorn eggs to 100% Oo under slight positive press- 
ure during the first four days of incubation at 
37-389C, This has been shown to result in marked 
changes in the development of their vascular system. 
Changes are demonstrated by failure of development 
of the vitelline circulation, frequent massive hem- 
orrhages into these areas and failure to develop an 
evident heart beat. These changes bear a remarkable 
similarity to the response seen in similar embryos 
exposed to various types of radiation, It is evid- 
ent that such local concentrations of oxygen can 
inhibit the development of the vascular system. 
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Physiology 


STATISTICAL MECHANICAL ANALYSIS OF THE OXYGEN-HEMOGLOBIN 
EQUILIBRIUM. Edward P. Radford, Jr. Dept. of Physiology, 
Harvard School of Public Health, Boston, Massachusetts. 

Adair's analysis of the oxygen-hemoglobin (02-Hb) equi- 
librium assumed four constants; these have been empirically 
derived from experimental data. Conclusions reached from 
this treatment appear inconsistent with recently described 
structural properties of horse oxyhemoglobin, and many effects 
on the shape or position of the equilibrium curve remain un- 
explained, A new model of the 09-Hb equilibrium has therefore 
been developed, treating the reaction as a stochastic process 
with the following special properties: a) Strong binding 
exists only when both irons of pairs attached to dissimilar 
globin chains are coordinated with 07." A single 02 is bound 
less strongly, and higher order collision probabilities of 0, 
to iron pairs are important. b) Weak interactions between 
heme pairs take place from one Hb molecule to an adjacent one. 
An approximate solution of the equations resulting from the 
model has been obtained with three constants, one concerned 
with the relative binding of one or two ligands to a heme 
pair, and the other two dealing with "on" and "off" transition 
probabilities. These three constants define reaction kinetics 
and can be related to Hb structure. The effects of pH, 
temperature, Hb concentration and partial CO combination will 
be discussed in terms of the model. 


Physiology 
CONTINUOUS IN VIVO RECORDING OF ARTERIAL BLOOD Po? 
USING A NEEDLE ELECTRODE. S. 1. Said,* C. M. 
Banerjee,* R. K. Davis* and J. L. Crosier.* * Depart. 
of Med., Med. Coll. of Va., Richmond, Va. 

A Clark electrode, modified to fit through a #18 
thin-walled needle, was evaluated for in vitro and 
in vivo determination of arterial blood | Po2 in dogs 
and man. The electrode, covered with two layers of 
a .001 inch polyethylene membrane, had a 95% re- 
sponse time of about 19 sec. Readings were unaf- 
fected by changes in viscosity, flow or pressure. 

A calibration curve obtained in water could be used 
for measurement in blood. Over the physiologic 
range of Po7, in vitro readings agreed closely with 
the Riley method. Continuous in vivo recordings 
were carried out for several hours; there was excel- 
lent correlation at all levels of P02 with in vitro 
readings on serial blood samples. In vivo results 
were further tested by altering the . inspired Po2 
and using various respiratory maneuvers. (Support- 
ed by grants. from the U.S. Public Health Service 
and the American Heart Association.) 





Physiology 


DETERMINATION OF DISSOLVED NITROGEN IN BLOOD AND 
BIOLOGICAL FLUIDS. A.W.T. Edwards* and L.E. Farhi. Dept. 
of Physiology, Univ. of Buffalo School of Medicine, Buffalo, N. Y. 
Blood was extracted in a modified Van Slyke apparatus and the 
evolved gas was separated in a gas chromatograph. For the deter- 
mination of dissolved nitrogen 1.5 ml aliquots of blood were used, 
no reagents were added and a single extraction proved to be 
sufficient. A molecular sieve and a thermoconductivity detector 
were used in the chromatograph. Standard deviation of a single 
Observation was 0.16%, approximately equivalent to 1 mm PN, in 
the normal range. When the amount of nitrogen in the sample was 
varied a linear relationship was found between volume of N, and 
height of the chromatograph deflection. This simple method 
yields accurate reproducible results and has been applied to the 
following: (1) determination of the arterial-alveolar N, gradient, 
(2) Ng washout during O, breathing, and (3) determination of alyeo- 
lar temperature. (Supported in part by the U. S. Air Force.) 
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GAS CHROMATOGRAPHIC METHOD OF ANALYZING BODY FLUIDS SUCH sg 
WHOLE BLOOD FOR MIXTURES OF INERT AND CHEMICALLY REACTIVE 
GASES. R.H. Wilson*, B. E. Jay*, and C.B. Chapman, Dept. 
Medicine, Univ. of Texas Southwestern Medical School, Daligs 
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The employment of mixtures of inert gases with physiologig) 
reactive gases in the study of pulmonary and cardiovascular 
physiology has created analytic problems. With the introdug| 
tion of vapor phase chromatography many of our biologic gag | 
analytic problems have been solved. The Beckman GC=2 Ges Chm 
matograph was modified to operate at a low carrier gas preg 




















sure. A pyrex glass cuvette was designed for blood gas an ye 
sis. An accurately graduated pipette was built into the o 
to measure and inject a known sample of blood into the s 
The oxygen and the COp contents of 15 blood samples were de 












termined by the Gas Chromatograph and the Ven Slyke mano 
apparatus. There was no difference between the methods for © 
oxygen. The difference between COe contents determined with 
both methods was 1.5 vols.%. A sodium carbonate solution of” 
known molarity was analyzed. The Gas Chromatograph yielded 
sults not significantly different from the theoretic amount, 
COs which could be extracted from the sodium carbonate solu 
tion. The Van Slyke yielded 2 vdéls.% less than the theoretig 
amount. It is concluded that the Gas Chromatograph is a mor 
= analytic tool than the Van Slyke manometric appar 
us. 
















Physiology 
HEMOGLOBIN CHARACTERISTICS AND esse AFFINITIES OF BLOODS 
OF DORSET EWES. G, Meschia*, M, Naughton*, F. C 

Hell * and D, H. Barron. Yale Univ. School of Med., 
Mass. Inst. Technology and Johns Hopkins Univ. 

Oxygen dissociation curves of bloods of pure-bred Dorset 
sheep prepared at constant pH indicate that the oxygen 
affinity of the bloods of individuals vary over a relatively 
wide range. The bloods of some ewes are half saturated at — 
pH 7.4 at 28 mm Hg, some at 38 mm, and others at pressures — 
between these extremes. These differences in oxygen affinity 
appear to be related to the properties of the hemoglobin. 
Preliminary experiments with starch gel electrophoresis sug> 
gest that the hemoglobins of the bloods with the highest 
oxygen affinity have only a fast moving band; those with the 
lowest only a slow moving one. There are indications that 
those with intermediate affinities contain a mixture of the 
two types of hemoglobin. 






















Physiology 
HYPOXIA AND SYMPATHO-ADRENAL ACTIVITY. E,C, Gerst, 
Y, Naaman”, D, Rodil*, C.E, Wolf* and W,S, Root. Dept. of 
Physiology, Columbia University, New York, N. Y. 

Hypoxia has long been known to elicit a sympatho-adrenal 
response. We have attempted to establish an arterial blood Op ten 
sion threshold at which a significant response is initiated. Anesthe 
tized dogs with chronically denervated hearts, after a control perid, 
were given gas mixtures containing low Oo to breathe. Respiratory 
pattern, arterial blood pressure, ECG and esophageal temperature 
were continuously recorded. Arterial blood samples were analyzed 
for CO2 and Og contents, O, capacity, hemoglobin concentration 
and pH. Arterial blood Pog was determined by reference to an 
OgHb dissociation curve for dog blood. The results indicate that no 
significant increase occurs in the rate of the denervated heart of tht 
spontaneously breathing dog until arterial Poo falls to approximately 
55 mm Hg. Below this level there is a relatively sharp increase in 
heart rate over the control level : 11% at Pao, of 40mm Hg, 35% a 
Paoe of 28mm Hg. The acceleration is presumably due to the re- — 
lease of catechol amines, though this requires confirmation. Sincé 
the Pao, at which an increase in heart rate occurs is within the 
physiological range, the sympatho-adrenal response probably 
serves as a compensatory mechanism in a stressful situation. 
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Ventilatory, Hemodynamic and Renal Response to I-V Infusions 
of C02, With Observations gn the Effacts of a C02 Buffer. 
Re Ae Baratz, Ae Ne Welter” and L. He Hamilton, Dept. of 
jole, Narquette U. Sch. Med. and Research Service, Wood 
VA Hospe, Milwaukee, Wisconsin. 
The effect of I-V infusions of varying doses of gaseous 
C0) on ventilatory, hemodynamic and renal parameters, blood 
es and blood pH was studied with dogs under pentobarbital 
anesthesiae Infusion of CO2 increased sentir frequency 
and ventilation volume. Although the concentration of COp in 
expired air fell, total volume of expired C02 increased. 
fortic pressure dropped during C02 infusion, and returned to= 
vard control during recovery. There was a marked increase in 
pulm. art. pressure, directly related to the infusion rate of 
00p6 Art. CO2 content increased and pH decreased, also in 
proportion to the infusion rate. Art. % HbO2 showed a pro= 
found fall. Urine flow, pH and electrolytes showed changes 
similar to those reported by otherse An organic buffer, tris- 
hydroxymethy laminomethane(THAKi) , alone had minimal effects on 
ventilation and circulation, but produced a diuresis with in- 
creased urinary pH and CQ» content. Urine Na and K concns. 
eoreti¢ HF decreased, while Cl increased. THAN partially protected 
| & more HF acainst some ventilatory and hemodynamic changes produced by 
SPPareie iow levels of COp infusion. Urine changes with infusion of CQ) 
and THAM were similar to those seen with THAN alone. 
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Cagliat, ® ARTERIAL BLOOD GAS TENSIONS DURING EXERCISE IN NORMAL 
Meds, suaects. Mplcolm By Meticoy and AIL Holmarent. 
Cardiovasc. Res. Inst., U. leg Se Fe 
bore Thirty normal subjects exercised on a bicycle ergometer 


at increasing werk loads. Arterial biood samples were 
atively B collected between the 4th and 6th minutes of each period 
ed at & of work and analysed for 0, and CO, tension with oxygen 
sures & and carbon dioxide electrodes, Esophageal or arter{al 
affinity ® blood temperature wes recorded fn 10 subjects and ges 


bin. BF tenstons were corrected for the rise in temperature with 
is sug" B exercise, There was a fall in PaC0> to less than 40 am 
ae Hg at levels of work suffictent to ineroees the pulse 


ith the B rate above 170 per minute, At these levels of work, 

that & the uncorrected Pa02 values showed no change. Correction 
>t the B for the rise in temperature raised the PaO. values by 
about 10 mm Hg. These results indicate that during 

the hyperventilation of severe exercise the Pal. rises. 
This means that fn normal subjects exercise is not 

limited by diffusion of oxygen across the pulmonary 
alveolar-capillary membranes. 

(Supported by U.S.P.H.S. Grant-H-4247,) 
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RECOVERY FROM ACUTE HYPERVENTILATION. J. A. Lipsky*, J. F. 

Tomashefski, and E. T. Carter. Department of Kecloiags 

Ohio State University, Columbus, Ohio. 

Op ten Fourteen male subjects were mechanically hyperventilated 

nesthe by IPPB breathing. Tidal volume and respiratory frequency 

1 period, were increased approximately three times and one and one-half 
times normal, respectively, Expired air was monitored con- 

ratory tinuously and arterial blood was collected frequently during 

raturé § 12 minute hyperventilation and recovery periods, Breath-by- 

alyzed § breath analyses indicate a loss of approximately 3 liters of 

tion 002 from the body stores during hyperventilation, Only one 

in third of that amount was restored during the ensuing recovery 

that no  Petiod, mostly as a result of hypoventilation rather than 

t of the apnea, Over the entire recovery period, the volume of C02 

imately gained by the arterial blood represented 75% of the C02 con- 
tent lost during hyperventilation. After 5 minutes of 

se in tecovery, the blood C02 gain was 65% of its total lost C02 

5% at content. The tissue C02 reservoirs may require as much as 





Te 36 minutes to regain their stores. During this time, the 
Since — ‘tremely labile blood CO stores may be easily disrupted by 
he additional hyperventilation facilitating removal of more 


02 from the tissue stores. The relationship demonstrat ing 
the changing arterial gas tensions and pH as well as time rate 
changes of expired and retained C02 have been determined, 

(Supported by a grant from the School of Aviation Medicine.) 
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CARBONIC ANHYDRASE STUDIES EMPLOYING AN ISOTOPIC PROCEDURE. 
Donald V. Tappan,* U.S.N.icedical Research Laboratory, 








New London, Connecticut 

The carbonic anhydrase activities of guinea pig tissues and 
purified  Pguakieeany have been determined by measurement of 
rate of C1402 production from C-l4-bicarbonate. An apparatus 
employing a gas flow system has been developed for efficiently 
carrying out the reaction in several samples simultaneously. 
Reaction conditions for the optimum operation of the enzyme in 
this system have been explored. Glycyl-glycine (.12h)-tris- 
hydroxymethyl aminomethane (.012M) offers considerable advan- 
tage over previous carbonic anhydrase buffers. The regulation 
of gas flow has been utilized for effective control of reaction 
rate to add sensitivity and versatility to the experiments 
possible with this procedure including measurement of activity 
in tissues low in enzyme content as well as for detection of 
adaptive changes in the enzyme. Results obtained by the cur- 
rent method check well with data on the activity of guinea pig 
blood determined by an electrometric method (Wilbur and Ander- 
son, J. Biol. Chem. 176,147,1948). Average values for normal 
guinea pig tissues based on a ratio of catalyzed:uncatalyzed 
apparent carbonic anhydrase activity are blood 7450, brain 160 
and kidney 202 units per gram of tissue including appropriate 
corrections for blood content. 


333 RESPIRATION—O2-CO? Transport 
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ABSENCE OF EFFECT OF INTRAVENOUS FAT EMULSION ON OXYHEMOGLO- 
BIN DISSOCIATION. S. M. Cain* USAF School of Aviation 
Medicine, Brooks AFB, Texas. 

Stutman, et al (J. Appl. Physiol. 14:894, 1959) suggested 
that intravenous fat emulsion interfered with the efficiency 
of the red cell in picking up 02, Results of the experiments 
to be described indicate that this is probably not true. Five 
dogs were made progressively hypoxic by rebreathing 15 to 20 
minutes. Arterial blood samples were drawn at selected 
values of alveolar Po? as well as samples before and after 
the hypoxia for 0) capacity determinations. Fat emulsion was 
then given intravenously to the amount of 2.5% of the body 
weight in fluid volume (3.75 gm fat/kg) and the procedure was 
repeated. Identical experiments were carried out on five 
additional dogs but Dextran was substituted for fat emulsion. 
By transforming the oxyhemoglobin dissociation curves so 
obtained into the Hill equation, it was possible to treat 
them statistically. No significant differences were found 
between any of the comparisons of slope or displacement. It 
was concluded that the infused fat offered no practical hin- 
drance to the uptake of 02 by the red cell. 


Physiology 


TISSUE pCO2 AND pO» IN SITU BY MICROTONOMETRY. Hugh D. Van 
Liew.* Department of Physiology, Harvard School of Public 
Health, Boston, Massachusetts. 

Glass capillary probes containing air or other known gas 
were placed in tissue so that the gas bubble was in exchange 
contact with the dissolved gases in the tissue. The probes 
were closed at one end, 8 mm long, about 200 » 0.D. and 100 » 
I.D. After a suitable equilibration time the probe was 
withdrawn from the tissue with a sealing droplet of tissue 
fluid. The length of the gas bubble in the capillary was 
measured with a microscope before and after the gas was » 
brought into contact with specific absorbent fluids for CO 
and Og. Analysis of known gases showed that the technique 
was accurate to 5 mm Hg. Preliminary studies in the exposed 
liver of anesthetized rats indicated that the method was 
adequate for measurement of tissue pCO7. Five minutes after 
introduction, the measured pCO) was 60 to 75 m and after 15 
minutes was down to 50 to 60 mm, This change with time may 
reflect an initial vasoconstriction, The CO, results were 
independent of the gas introduced in the probe. Cn the other 
hand, the measured p02 tended to be higher when air was intro- 
duced than when 0 to 40 mm p09 was introduced. The °2 
findings may be artefacts due to the slow diffusion of 0» or 
to local damage caused by the probe. 
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BUFFERING OF CARBON DIOXIDE WITH SODIUM CARBONATE 
DURING APNEIC OXYGENATION (A.O. ). 

D. Hassam*, G.G. Nahas, M. H:son Holmdahl* and_W. M. Manger 
Columbia Univ. Coll. of Phys. & Surg., New York, N.Y. 

8 dogs were given a .18M solution of NagCO3 I.V. during 
one hour of A.O, Arterial blood pH was maintained within .1 
unit of normal, while cerebrospinal fluid pH fell from 7.39 to 
7.00. PaCO, increased from 3l to 153 mm Hg, plasma HCO3 
from 18.3 to 72.7 mM/L, Na from 147 to 182 mEq/L and osmo- 
larity from 3ll to 360 mOsm. In the C.S.F. HCO3 rose only 
from 21.5 to 30.6 mM/L. Diuresis was present though urinary 
output did not match fluid input. Bradycardia, E.C.G. altera- 
tions and extreme variations in blood pressure were observed 
under these conditions of normal blood pH accompanied by a 
probable acid intracellular pH. Cerebrospinal fluid pressure in- 
creased, so did plasma catecholamine and blood sugar levels. 
Two animals died shortly after the end of the experiment. Like 
THAM, CO,Na?2 maintains blood pH constant in the presence 
of the acid load of A.O., but unlike THAM, will not prevent 
the circulatory disturbances created by the acid load. 

( Supported by Army Grant DA-49-193-MD-2092). 
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MEASUREMENT OF PULMONARY CAPILLARY VOLUME WITH CARBON DIOXIDE. 
G. Power*, R. W. Hyde*, W. H. Lawson, Jr.* and R. E. Forster. 
Dept. of Physiol., Grad. School of Med., Univ. of Penna. 

A method has been devised to obtain the capillary volume 
in isolated cats' lungs from changes in alveolar 00,. First, 
cats! lungs were perfused with their own blood at 37°C. Fol- 
lowing ventilation with room air, which served to reduce the 
alveolar and blood Pco, to less than 5 mm Hg, the lungs were 
inflated with a single breath of a mixture containing 5% CO,, 
1% C,H, and 1% neon. Expired alveolar gas samples were col- 
lected after varying time intervals and analyzed in a gas 
chromatograph. The fall in concentration of CO, and C,H, 
relative to neon was plotted on a semi-log scale against time. 
The relative concentration of CO, and C,H, fell abruptly in 
less than 3 seconds and then continued to fall linearly at a 
slower rate. The initial abrupt fall apparently represents a 
rapid uptake of CO, and C,H, by lung parenchyma and capillary 
blood. When the lungs were perfused with dextran the initial 
drop in relative CO, concentraticn was only about 2 as great. 
The fact that blood takes up much more 00, than dextran or 
lung tissue was thought to explain this difference. Calculat- 
ing tissue volume from the initial acetylene disappearance and 
considering the effective solubility of CO, in blood to be 1lml 
/mi1/atm., the capillary volume was ,.5 ml (range 2.3 to 7.) m1) 
in preliminary studies on 3 cats whose mean weight was 3.) kg. 





Physiology 


GAS EXCHANGE DURING SIMULATED BREATH-HOLD DIVES. 
E.H. Lanphier and H. Rahn, Dept. of Physiology, Univ. of Buffalo 
School of Medicine, Buffalo, N. Y. 

During 1-minute breath holds after breathing air, subjects were 
compressed (first 20 sec.), held at increased pressure (20 sec.), 
and decompressed (final 20 sec.) in order to simulate free dives to 
33 ft. (2 atm. abs.) at rest and during mild work. Alveolar gas 
samples were Obtained every 10 sec. by a rebreathing.method. 
Control values were Obtained from comparable breath holds con- 
ducted at the surface. Throughout the period of compression, 
PACO, remained 10 - 30 mm Hg above control values, and CO, was 
continuously transported from the alveolar gas into the blood. 
During ascent the PACO, fell abruptly and its final level was about 
10 mm below the control, The net volume of CO, transferred to 
alveolar gas was less than 50% of that exchanged during control 
runs. The PAO, rose markedly during descent and was maintained 
above 145 mm Hg until ascent. (Supported by ONR Contract 
Nonr 969(03). 
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THE PERMEABILITY OF MONOLAYERS (ABOUT 30 & THICK 
TO CO, AND O9. Martin Blank". Dept. of Physiology, Columbig, 
Univ., New York. eS 

Oriented lipid layers at a gas/water interface retard the 
passage of CO» and Og from the gas phase into the liquid. The 
monolayer acts as a "diffusion" barrier so it is possible to 
analyze the data in terms of a simple physical model. From the | 
rates of disappearance of the gas, with and without a monolayer | 
at the interface, an approximate permeability for the monolayer 
is calculated. The permeabilities of various long straight chain ~ 
fatty substances appear to be about the same for the two gases 
and are of the order 107° to 10°*cm/sec. In some cases, such — 
as cholesterol and protein monolayers, the values are higher and 
cannot be evaluated with this technique. (The virtual diffusion & 
coefficient of the gas in the least permeable monolayer is about — 
10-9 cm2/sec.) These results show that lipid layers comparable 
to the plasma membrane in composition and thickness can pre- eo 
sent a diffusion barrier to O2 comparable to that observed in the” 
red blood cell membrane. The results also give some ideas about 
the permeability process as well as the nature of operational 


"pores" in very thin leyers such as the plasma membrane. * 
investigation Sas mmpested in part by a Senior Research Felon : 


ship S. F,-482 of the U.S, Public Health Service), 
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THE HOMOGENEITY OF THE Na RATIO WITHIN THE NORMAL HUMAN 
LUNG, M. Henry Williams, Jr., and Charles W. Frank. Albert 
Einstein College of Medicine, New York City. af 

The diffusing capacity of the lung for carbon monoxide as 
measured by the breathholding technique is consistently 
greater than that measured by steady-state techniques. This 
study was designed to test the possibility that the breath- 
holding technique overestimates the "true Doo" because of 
non-uniform distribution of the diffusing capacity with res- 
pect to the lung volume. One liter samples obtained from 
different portions of the expirate were analyzed for CO and 
helium concentration after inspiration of a CO-Helium mixtum 
from residual volume. Irrespective of the method of inspir-— 
ation, the gas composition of different portions of the ex- 
pirate yielded values for the diffusing capacity which were © 
approximately similar to that obtained by the conventional © 
breathholding technique and considerably greater than the 
steady-state Doo. The Dco calculated from the entire mixed 
alveolar sample was also similar to this value when the C0- 
Helium mixture was inspired as a single concentrated bolus 
either early or later in the course of a full inspiration. 

These results indicate that if inhomogeneity of the Doo/j 
ratio exists in the normal human lung, the volumes with dif- 
fering ratios must fill and empty synchronously. Supported 
N.1I.H. Grant #H-5045, 





Physiology 

A NEW CONCEPT OF THE PHYSIOLOGICAL FACTORS 
INFLUENCING THE ABSORPTION OF CQ BY THE HU MAN LUNG. 
N.M. Moore*, T.C. *, P.I. * * 
Depts. of Physiol., Anes., and Med., U. of W., Madison, Wis. 

Previous workers have stated that during breathholding in 
normal subjects alveolar CO does not fall exponentially with 
time and that the most likely explanation of this phenomenon 
is that D/VA varies throughout the lung. To reappraise the 
factors influencing the disappearance of CO we have studied 
169 CO absorption curves in a) 28 normal subjects at several 
O, concentrations, intrathoracic pressures, positions, and 
levels of lung inflation and b) in 66 patients with diseases 
considered to produce non-uniform distribution of inspired 
gas, D/VA, V/Qc, VA/Qc, and D/Qc throughout the lung. 
After taking into consideration the effect of the respiratory 
gymnastics on pulmonary blood flow, changes in intrathoracic 
pressure and time errors, the disappearance of CO was 
found to be reasonably exponential in both patients and normal 
subjects. From the results obtained we have concluded that — 
areas with different D/VA, VA/Qc, V/Qc, and D/Qc contri- 
bute proportionately (randomly) to any expired alveolar sample 
under the conditions studied. 
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Physiology 


MEASUREMENT OF THE ALVEOLO-CAPILLARY DIFFUSING SURFACE AND OF 
ME VOLUME OF THE CAPILLARY BED IN NORMAL HUMAN LUNGS. Ewald 
p, Weibel”, Columbia Univ., Coll. of' Phys. and Surg., New York. 
Quantitative studies are being made on the morphology of 
the human lung. Cadaver lungs are reinflated under slight 
negative pressure before fixation. The alveolo-capillary sur- 
face S, and the volume of the alveolar capillary bed V, are 
determined as follows: The capillary network, enclosed in the 
interalveolar membrane, is composed of Nc small segments each 
vith a mean volume ¥, and a mean surface s,, which are measur- 
ed microscopically; therefore, S, = N,°8,, and V, = N,*V¢; N, 
follows from the number of segments per cm’ alveolar membrane 
(n,) counted directly, and from the total alveolar surface S,; 
N= yen, = 3°10 ; Sy = Nyeor(e+¥, /N,)%, where 0 depends on 
the shape of the alveolus and is 4.8; o is the fraction of the 
Jung volume V, occupied by alveoli and is determined with a 
microscopic integrator; V, is measured by displacement, The 
number of alveoli N,= 3.5°10° is obtained by a statistical 
method of counting in histologic sections. In these prepara- 
tions the alvgolo-capillary surface is found to be of the 

order of 90 m“, in adults, which is of the same magnitude as 
estimated previously. The volume of the capillary bed is 
found to be of the order of 200-250 cm’, or more than twice 
the physiologically estimated pulmonary capillary blood volume 
usually given. (Supported by a grant from the N.Y. Heart Assn. 
and the National Heart Inst.) 
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THE EFFECT OF VARYING MIXED VENOUS CO2 TENSION UPON THE PUL- 
MONARY DIFFUSING CAPACITY IN MAN. L. Cander* and E. Hanowell*. 
New Eng. Cent. Hosp.,Boston, and Hahnemann Med. Coll., Phila. 
Previous experiments in this laboratory demonstrated no in- 
crease in breathholding pulmonary diffusing capacity (D1,,) 
with induced fever (Fed. Proc. 19:374, 1960), although the 
circulatory changes during the febrile response are similar 
to moderate exercise, in which does increase. The febrile 
response, unlike exercise, is_not associated with an increase 
in mixed venous CO? tension (Py,,.). Therefore a study of the 
relationship between PVco2> 38 measured by the rebreathing 
method, and Dicg was carried out. Pyoog and Diego were measur- 
ed in 6 normal males under the following conditions: 1) at 
rest and during increasing grades of exercise to exhaustion, 
and 2) after breathing 5% and 7% CO2 for 5 min. each. Follow- 
ing a control period, fever was induced in 3 of the subjects 
with I.V. typhoid vaccine. Measurements were repeated while 
breathing room air, 5% and 7% CO? during each phase of the 
febrile response. Results showed that DL. increased propor- 
tionally to Pycog in the range studied, regardless of the 
method used to increase it, and suggest that Py... exerts an 
important influence on the Dj. in normal man. 83 interest 
was the cessation of rigor while breathing COz during the 
chill phase. 
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PULMONARY DIFFUSION FOLLOWING SURGERY WITH INHALATION ANESTHE- 
SIA. Lois T. Ellison*, Alton R. Nix*, and Robert G. Ellison*, 
Medi Ollege o rgia, 8. of Physiology and Surgery 
(Thoracic), Augusta, Georgia. 

Steady state CO diffusing capacity (D,) measurements were 
done preoperatively, for 1-7 or more days postoperatively, and 
at approximately 6 weeks following surgery with inhalation 
anesthesia. In 1) patients undergoing resections 
DL decreased 36%, 37%, and 35% from the control value on 
the first, second and third postoperative days respectively. 
Stabilization usually occurred within 7 days with follow-up 
indicating a 29% permanent decrease. After 23 thoracotomies 
without removal of lung tissue, a mean decrease of 32%, 28%, 
and 10% occurred in the same period with return to preopera- 
tive control value by the seventh day. After 10 nonthoracic 
Operations mean decrease was 21%, 15%, and 9% on the first 
three postoperative days, with usual return to control level 
by the fourth day. Four atrial septal defects showed perma- 
nent postoperative decrease of about 35%. Decrease in Dy, 

be correlated with complications such as atelectasis, 
Pneumonitis, or unexpanded lung but also occurred without 
Obvious explanation suggesting that alteration in pulmonary 
capillary membrane occurred. (Supported by USPHS grant 
H-2562 and Ga. Heart Assoc.) 
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EFFECT OF ISUPREL INFUSION ON THE INCASE IN PULMONARY DIF- 
FUSING CAPACITY FOR CO (Dy) PRODUCED BY PRESSURE SUIT INFLATION 
Joseph C. Ross*, and Jimmie L. Eller*, Department of Medicine, 
Indiana University School of Medicine, Indianapolis, Indiana. 

We have previously shown that inflation of an aviator's 
G-suit over the lower part of the body increases Dy, by increas- 
ing the pulmonary capillary blood volume (Vc), but these in- 
creases are less striking than those produced by exercise. It 
seemed possible, then, that active capillary tone could be re- 
sisting their being forced open by pressure and that, if a 
pulmonary vessel dilator, such as Isuprel, were given during 
suit inflation, the increase in Dy; might be more marked. To 
investigate this possibility, 6 subjects were studied with (1) 
Suit on, uninflated, (2) Suit inflated, (3) Isuprel infusion 
(.005 mgm/min) with suit on, uninflated, and () Isuprel in- 
fusion with suit inflated. Mean Dy, of 24.5 + 2.3 ml/min/mm Hg 
at rest was increased very significantly (pg00l) to 32.4 + 
3.5 ml/min/mm Hg by suit inflation alone, but with Isuprel in- 
fusion during suit inflation, mean Dy, of 30.1 + 4.0 ml/min/mm 
Hg was significantly less (pe.01) than with suit inflation 
alone. Mean Dy, was slightly but not significantly increased 
to 27.3 + .0 ml/min/mm Hg by Isuprel alone. With these pre- 
liminary studies, then, we were not able to demonstrate evi- 
dence of capillary tone during suit inflation which could be 
altered by Isuprel infusion. 
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COMPARATIVE EFFECTS OF PULMONARY ARTERIAL AND VENOUS PRESSURE 
ON DIFFUSING CAPACITY. W. H. Lawson, Jr.*, H. N. Duke*, R. W. 
Hyde*, and R. E. Forster. Dept. of Physiol., Grad. School oF 
Med., Univ. of Penna., Philadelphia, Penna. 

Prior work from this laboratory indicates that increases in 
pulmonary intravascular pressure increase the single breath 
carbon monoxide diffusing capacity (DIg,) in the isolated cat 
lung perfused through the pulmonary artery. In order to com- 
pare the importance of arterial and venous pressure in regu- 
lating the capillary bed, DLco was measured during forward 
perfusion through the artery and during backward perfusion 
through the vein at identical blood flows in 11 lungs. In 10 
of these lungs Dy, was higher during backward perfusion al- 
though total vascular resistance did not change significantly. 
It is concluded that venous pressure is more important in 
regulating the capillary bed size than arterial pressure. It 
is also possible to change vascular resistance without chang- 
ing Dig, significantly. This was done in 3 additional lungs 
where Digg was measured at 2 flow rates, 50 and 250 ml/min., 
during forward arterial perfusion with venous outflow pressure 
zero. Vascular resistance was 50% lower at the high flows yet 
DLeo showed no consistent change. This suggests that total 
pulmonary vascular resistance and the capillary bed size can 
vary independently. When pulmonary edema occurred in ) lungs, 
DLeo did not change significantly. 
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THE MEASUREMENT OF PULMONARY TISSUE VOLUME 


AND BLOOD FLOW BY A REBREATHING METHOD, 
Benjamin M. Lewis, Akio Furusho* and P, K. Adhikari*, 








Wayne State Univ. Coll. of Med., Detroit, Michigan. 

Cander and Forster (J. Appl. Physiol. 14, 541, 1959) have 
measured pulmonary tissue volume and blood flow by succes- 
sive periods of breath holding using a mixture of an insoluble 
gas (helium) and a soluble gas (nitrous oxide or acetylene). 
This technique is time consuming and requires a high degree 
of cooperationfrom the subject. It is thus not suited to study- 
ing changes in these parameters. We have found that the con- 
centration of an insoluble gas reaches a constzent level within 
four seconds of the start of the rebreathing in normal sub- 
jects and have, therefore, investigated the measurement of 
pulmonary tissue volume and blood flow by rebreathing with 
a mixture of neon (an insoluble gas) and acetylene with con- 
tinuous mass spectrometer analysis of acetylene and terminal 
analysis of the neon. In six normal subjects the tissue volume, 
computed from successive periods of breath holding, aver- 
aged 542 ml and from rebreathing data 604 ml. In the same 
subjects, theblood flow from breath holding experiments was 
5.06 L and from rebreathing experiments 6,32 L. 
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DIFFUSION STUDIES IN CONGENITAL HEART DISEASE, G. Bucci*, 
C.D, Cook and J, F, Hamann*, Children's Hosp. Med. Center 
and Harvard Med. School, Boston, Mass. 

Diffusing capacity of the pulmonary membrane ( and 
pulmonary capillary blood volume (V,) have been studied by 
the CO single-breath method in 31 children and 3 adults with 
congenital heart disease, compared to normal standards and 
correlated with cardiac catheterization studies. In the 25 
patients with increased pulmonary blood flow (QP) (21 with 
ASD, 3 with VSD and 1 with aorto-pulmonary shunt) 20 had 
significant increases in D,, 13 in and 23 in V,. The 
highest values of V, and of the resistance of the membrane/ 
intracapillary resistance ratio were observed in conditions 
associated with high mean pulmonary capillary pressures. V,. 
and Dy averaged within normal limits in 9 patients with de- 
creased or low normal QP secondary to pulmonary stenosis, 
Tetralogy of Fallot, tricuspid-atresia or aorto-pulmonary 
shunt. In studies repeated from 3 to 10 months after surgery 
Di» Ve and Dy returned to within normal limits in 7 cases 
with ASD; in 2 cases with PS no significant changes in V, 
were found postoperatively. During moderate exercise 1 adult 
with ASD and increased V, showed a further (+30%) increase in 
Vo» (Supported by grants £1170 and H5339 from the National 
Institutes of Health, Public Health Service.) 
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SMALL VESSEL HEMATOCRIT IN THE LUNGS. 4, Cogentino*, 
W, Storey*, and - U.S. Army Med. Res. and Nutri- 
tion Lab., Denver and Cardiovasc. Res. Inst., U. Cal., S.F. 
Determination of pulmonary capillary blood volume by the 
CO method an assumed and constant value for the capil- 
lary 02 capacity (hematocrit). We have measured the hemato- 
crit in rapidly frosen periphera} lung tissue in the open 
c anesthetized cat using Cr-1 tagged cat red cells and 
I tagged human serum albumen. After injection of the tagg- 
ed blood we allowed 30 minutes for mixing. During this time 
we opened the chest under positive pressure ventilation. ae 
frose the lung with liquid propane, excised the frosen shell 
and determined the "radioactive" hematocrit of it. We also 
determined arterial "radioactive" hematocrit, fractional blood 
content of peripheral lung tissue and circulating blood vol- 
ume. Lung hematocrit (vessels <500) diam.) was always less 
than the arterial hematocrit. The difference was test 
when the cat was at rest and tilted 12° (feet down). On the 
basis of our results and other data we se Aor n eh gum 
able pulmonary capillary and small vessel 
various conditions; we believe that variations in capillary 
hematocrit account in part for changes in capillary blood 
volume. (Supported by Cal. TB Assn. and U.S.P.H.S. Grant 
H-4029.) 
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CHARACTERIZATION OF VAGOTOMY-INDUCED PULMONARY EDEMA UGH 
COMPLIANCE AND CROSS-CIRCULATION TECHNICS. R.H.Rech™”, A.V. 

* and H.L,Borison, Dept. of Pharmacology, Univ. of 

e of og e City. 

¢ thoracic compliance was measured in guinea pigs by 
intermittent delivery of various volumes at ventilation fre- 
quenc: usted to a fixed flow rate. Comparison with comp- 
liance at a constant frequency revealed that resistance to air 
flow at frequencies up to 110 cycles/min at 8 ml/cycle did not 
significantly influence the compliance measurement, Also, 
alteration in compliance due to lung edema was reflected pri- 
marily in the elastic component. Continuous positive-pressure 
ventilation did not prevent dev edema after vago- 
tomy but it slowed and prolonged the process. Population plot 
of compliance decrease vs, lung-to-body weight ratic showed a 
50% reduction in compliance when lung weight doubled and a 
further decrease of 30% with an added equal increment in lung 
weight. Cross-circulation between vagotomized and non-vago- 
tomised guinea pigs was attempted to examine a possible humor- 
al intermediate. Experimental conditions of anesthesia, 
restraint, heparinization, and blood flow rate were evaluated. 
A critical factor which prevented edema was excessive blood 
exchange (or A-V shunt). It appears that the development of 
edema involves a humoral substance since edema developed in 
both members &@ cross-circulated pair. (Supported by USPHS 
Grant B-L91.) Postdoctoral Fellow BF-91,06. 
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IMMUNOFLUORESCENT AND HISTOCHEMICAL STUDIES 
OF EQUINE ABORTION VIRUS HEPATITIS IN HAMSTERS. 
M. D. n,* J. F. Metzger* and C. W. Smith.* Armed 
Forces Institute of Pathology, Washington, D. C. 

The sequential pathological changes occurring in the liver of 
hamsters following intraperitoneal injection with equine abortion 
virus (EAV) have been studied. Morphological changes in the 
liver as observed in sections stained with hematoxylin and eosin 
(H&E) have been correlated with: |) alterations in nucleic acid 
distribution observed with acridine orange (AO); 2) accumula- 
tion of virus antigen detected by specific immunofluorescence; 
and 3) infectious virus formation. Although no changes were 
noted in sections stained with H&E and AO, virus antigen 
was demonstrated in the cells adjacent to the sinusoids at one 
hour. Virus antigen was absent at 4 hrs., but changes were 
present with H&E and AO. Virus antigen was again seen at 
6 hrs. and this increased throughout the rest of the experiment 
(20 hrs.). A correlation of the infectious virus with these se- 
quential changes was noted. 
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CHANGES IN aNaTOMIC D&aD SPACE PECULIAR TO POSITIVE PRESSURE 
BReaTHING. W.C. Kaufman, * Capt. USaF, Biothermal Section, 
aerospace Med. Labs, Wright-Patterson air Force Base, Ohio. 

anatomic dead space increases during positive pressure 
breathing. This change which may simply reflect variations 
in the resting expiratory level (K&L) or may indicate an 
alteration peculiar to positive pressure breathing (PPB) was 
determined in 7 subjects by rapid co, analyzer. Mean resting 
anatomic dead space was 130 cc BIS. During PPB at 18.5 om 
H50 REL increased by 966 cc and dead space increased to 230 
cece Both changes are statistically significant (P = 0.01), 
During negative pressure breathing at -15 cm H,0 REL decreasal 
by 763 cc which is significant. Dead space was 141 cc, nota 
Significant change. When 4 of the subjects voluntarily 
changed REL by amounts comparable to those caused by pressure 
breathing no significant changes in dead space occurred. 
Results indicate that PPB causes an increase in anatomic dead 
space peculiar to the procedure and not simply as the result 
of the change in REL.- Lung compliance determined by esophag- 
eal pressure did not change significantly. Dead space Changes 
paralleled changes in peripheral venous pressure. Increased 
dead space may result from reflex dilatation of the respira- 
tory tree. Measurement of anatomic dead space may provide a 
means of determining the stress of PPB and the adequacy of 
counterpressure. 
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VENTILATORY MECHANICS DURING THORACO-ABDOMINAL COMPRESSION. 
8.°z, a Department of Medicine, Albert Einstein College 
of Medicine, New York City. 

In 5 normal subjects, increasing thoraco-abdominal compres- 
sion was produced by placing 10 1b. sandbags on the chest and/ 
or abdomen to a total compressing weight of 100 lbs. Lung 
volumes decreased progressively with increasing compression 
and expiratory reserve volume (ERV) decreased relatively more 
than the vital capacity. Maximum breathing capacity (MBC) 
decreased to 66% of the control value. These effects were 
similar with abdominal and chest compression alone and when 
the weight was distributed between both chest and abdomen. 
Measurements of the relaxation pressure revealed increased 
intrapulmonary pressure for a given lung volume with each in- 
crement of thoraco-abdominal compression and total compliance 
measured at 500 cc above the FRC decreased to 1/3 of the con- 
trol at 80 lbs. compression. Minute ventilation was unaltered 
during these experiments, but tidal volume fell and respira- 
tory rate increased with increasing thoraco-abdominal compres- 
sion, 

The results are similar to those previously reported during 
negative pressure breathing, forward acceleration and under- 
water "snorkel" breathing. 
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ICAL CHANGES IN THE LUNG OF THE CAT ACCOMPANYING AN 
TORY-EXCITATORY REFLEX. B .* Department of 
Physiology, Medical College of South Carolina, Charleston,S.C. 
The pressure-volume characteristics of the lungs and thorax 
have been examined in cats by measuring intratracheal pressure 
and tidal volume during lung inflation with a controlled 
yolume pump. On moderate hyper-inflation, a brief impulse 
burst was superimposed on the normal action potentials in the 
vagus or phrenic neurogram, accompanied by a sudden gasp and a 
negative deflection of intratracheal pressure. This resulted 
in an increase in compliance of the lungs and thorax and an 
increase in end-expiratory volume, The response was abolished 
by vagotomy. It occurred once in each group of five successive 
sinusoidal hyper-inflations, usually on the second when pump 
frequency was set within the range of spontaneous breathing. 
After curarization, this inspiratory-excitatory burst was 
observed in the phrenic nerve with each successive inflation 
following its initiation, but the increase in compliance and 
end-expiratory volume associated with the response was absent. 
These data suggest an inspiratory-excitatory reflex initiated 
by lung distortion, resulting in an increase in compliance and 
end-expiratory volume, and having a strong negative feedback 
nechanism. (Supported by Grant H-1320, National Institutes of 
Health, USPHS) 
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PULMONARY ARTERIAL SHUNTING IN MAN DURING FORWARD ACCELERATION 
Sheldon H, Steiner* and Gustave C. E. Mueller,* Aerospace Med, 
Lab,, Wright Patterson Air Force Base, Dayton, Ohio. 

The arterial blood gases were determined during forward ac- 
celeration at 6g and 8g while breathing room air and at 8g 
breathing 100% oxygen, Arterial saturation fell to 84% at 6g 
and 75% at 8g. Oxygen inhalation prior to acceleration and 
during the acceleration plateau only corrected the arterial 
saturation to 85% at 8g. It has been previously demonstrated 
that cardiac output and alveolar ventilation are unaltered dur 
ing forward acceleration of these magnitudes, Therefore, the 
arterial desaturation represents pulmonary arteriovenous shunt- 
ing, probably due to marked alteration of individual ventila- 
tion to blood flow relationships throughout the lung, 
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EFFECT OF INCREASED BREATHING FREQUENCY ON INSPIRATORY 
RESISTANCE IN EMPHYSEMA. John Tyler* and Elihu Channin.* 
Lemiel Shattuck Hospital and Harvard School of Public Health, 
Boston, Mass. 

In the emphysematous lung the dynamic compliance bears an 
inverse relationship to the breathing frequency (f). The 
explanation for this, based on an analysis of the effect of 
pathways of unequal time constants, also predicts that the 
flow-resistance should vary inversely with f. This theory 
was tested by determining inspiratory resistance at normal 
values of f (11-23) and at approximately twice this rate in 
6 patients with emphysema. Intrapleural pressure was 
estimated from an esophageal balloon, flow rate by a pneumo- 
tachograph and volume by a spirometer. Four breaths at each 
Tate were analyzed in the standard manner and pressure-flow 
curves were determined. Compliance fell in all six subjects 
at the increased frequency (mean decrease -0.079 L/cm H20) but 
tesistance decreased in only two despite an average increase 
in F.R.C. of .71 (range 0.33 to 1.87 ml). In no patient 
was there an appreciable difference in wave form of an 
inspiratory flow curve 2t different frequencies. In con- 
clusion: contrary to theoretical prediction, increased 
respiratory rate produced a fall in inspiratory resistance 
in only 2 out of 6 patients with pulmonary emphysema. 
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INFLUENCE OF ESOPHAGEAL ELASTANCE ON V-P MEASUREMENTS OF 
LUNGS. J. Milic-Emili,* E. Glauser,* and J. Mead. Dept. of 
Physiology, Harvard School of Public. Health, Boston, Mass. 
Esophageal pressure has been measured in five normal seated 
subjects at fixed lung volumes (attained by expiring from TLC 
following three full inspirations) by means of an esophageal 
balloon (length 18 cm, perimeter 2.4 cm) containing various 
volumes of air (V,). The mean values and ranges of pressures 
together with corresponding values of esophageal elastance 
(E.el.), i.e. pressure change per ml balloon volume change, 
are shown in the table (all pressures are in cm Ho) and sub- 
atmospheric unless otherwise indicated; values at zero balloon 
volume are obtained by extrapolation). Esophageal elastance 
ZVC 0 40 80 100 
vy, 2 61-90+3.4-0.3) 4.7(3.5-6.0) 11.8(9.5-15.5) 23.6(18-34. 2) 
1 0,1(1,2-1.1) 5.8(4.6-7.1) 13.5(10.6-17.6) 26.4(21-38.5) 
ml 9 2.1(0.8-4.0) 6.9(5.6-8.7) 15.5(11.8-20.0) 29.2(23-42.6) 


E.el. 2(1.0-2.9) 1.1(0.9-1.6) 1.7(1.1-2.2) 2.8(2,.0-4.1) 


increases at both extremes of lung volume. As a result 
pressures in esophageal balloons deviate in the positive 
direction as RV or TLC are approached, the more so the larger 
the balloon volume. Values obtained by extrapolation to zero 
balloon volume probably more closely approximate V-P 
relationships of lungs. 
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EFFECT OF AGING ON FLOW RESISTANCE TO COLLATERAL VENTILATION, 
H, B. Martin. Dept. of Physiology, Harvard Scheol of Public 
Health, Boston, Mass. 

At the 1960 Spring meetings of this Society a method was 
described for measuring the resistance to collateral ventila- 
tion through the alveolar pores of Kohn in excised dog's lungs 
(Fed. Proc. 19: 377, 1960). This method has been modified so 
that the resistance of the bronchi leading to the alveolar 
pores can be separated from the resistance of the pores. 
Previous studies were essentially confirmed using this more 
refined technique. Also a comparison has been made between 
pore resistances in young dogs and old dogs. Preliminary 
results indicate that the resistance to flow decreases 
markedly with age. 


Physiology 
CHANGES IN COMPLIANCE DURING PRESSURE BREATHING. 


T. Velasquez* and LE. Farhi, Dept. of Physiology, Univ. of 


Buffalo School of Medicine, Buffalo, N. Y. 
Anesthetized, paralyzed dogs were ventilated with a modified 
Starling pump. With this system a given tidal volume could be 
withdrawn from the lungs and the animal was then allowed to re- 
inflate passively to a preset inspiratory pressure. By measuring 
end expiratory pressure, compliance could be calculated, Changes 
in compliance must be attributed in part to collapse of alveoli. 
(1) When the inspiratory pressure is kept constant, the complisnce 
decreases with each increment in tidal volume. Changes in com- 
pliance as a function of expiratory pressure provide an indication 
of the distribution of closing pressures in alveoli which have an 
opening pressure higher than the inspiratory pressure applied. 
(2) For a given expiratory pressure, compliance will vary with the 
inspiratory pressure, providing information as to the distribution 
of opening pressures. (3) At inspiratory pressures lower than 
10 cm H,O, successive increases in tidal volume will demonstrate 
a critical value at which no further increment in tidal volume is 
required to cause a cOntinudus drop in expiratory pressure, the 
compliance reaching values below 10% of control. This condition 
can be reversed by positive pressure breathing. 
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Maximum Breathing Capacity During Negative Pressure. 
Harold A. Lyons*, and R. G. Dolce,* State Univ. of N. Y., 
Downstate Med. Ctr., and U.S.N. Hosp., St. Albans, N. Y. 

Maximum breathing capacities were determined for 20 
healthy male subjects at ambient pressure and during sub- 
mersion at increments of 30 cms. of depth, from 40 cms, to 
a max, tolerated depth of 130 cms. All studies were made 
sitting with the 10th thoracic spine used as the reference 
point. Below this depth none of the subjects was able to do 
an MBC. A linear decrease of 0.575% per cm. H2O negative 
pressure for the MBC was found under these conditions (r = 
0.900). The range of percentile decrease from control 
values was 21.8 to 48, 3% at the max. tolerable negative pres- 
sure of 130 cms.H20; the corresponding range for the MBC 
was 39 to 100 L/M. Extrapolation of the regression curve to 
zero MBC is 174 cms. H20O negative pressure. Respiratory 
frequency for performance of MBC decreased more than 50% 
of control. Smaller lung volume and increased air flow re- 
sistance are included among the factors involved. A max. of 
continuous negative pressure of approx. 130 cms. H20 defined 
the limit for performance of the MBC in this experiment. 
(Supported by a grant from the ONR, New York.) 
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A COMPARISON OF SURFACE CHARACTERISTICS OF RAT AND FROG LUNG 
EXTRACTS. Dean A. Miller* and Stuart Bondurant. Ind. Univ. 
Med. Center, Indianapolis, Indiana. 

A substance can be extracted from mammalian lungs with bio- 
logically unique properties of surface tension and compress- 
ibility. It has been suggested that these surface character- 
istics in pulmonary alveoli would contribute to the stability 
of the lung. With electron microscopy Chase has demonstrated 
a non-cellular alveolar lining layer in mammalian lungs. He 
was unable to demonstrate this lining in the frog lung. To 
determine if the presence of a histological alveolar lining 
correlates with the presence of surface activity in lung ex- 
tracts, surface active material was extracted from comparable 
weights of rat and frog lungs by compression of lung tissue 
under saline. Surface tension was measured continuously with 
a modified Whilhelmy balance as the surface was compressed 
from 100 Cm¢(A,) to 20 Gm*(Ap). Results: Rats,(10 lungs), 

Ay = 40,021,3 dynes/Cn@, Ap = 19.0=1.6 dynes{Om*; Frogs, 

(to pooled extracts), A) = 51-3*5.8 dynes/Gm = 0.1- 
3.8 dynes/' (P<.001). Hy sis (Area of surface tension- 
area loop) Rats, 6.02.25 Cm*, Frogs, 3.43%.58 Cm* (P< .001). 
The difference is significant and is compatible with the 
possibility that the alveolar lining layer described by Chase 
in mammals and absent in frogs is the surface active alveolar 
substance. 





Physiology 
FACTORS AFFECTING THE SURFACE TENSION OF LUNG EXTRACTS. 


We Tooley*, R, ee 4 and T, Finley*. Cardio- 
vasc. Kes. Inst., epts. ° Gea Vo CBles, S.F. 

We have noted a similarity in the gross appearance of lungs 
from: infants dying with hyaline membrane disease; tracheoto- 
mized guinea pigs with pulmonary congestion following bilater- 
al vagotomy; dogs with unilateral pulmonary artery ligation; 
dogs with ligation of one mein stem bronchus; and degs and 
humans following cardiopulmonary bypass. Avery and Mead found 
an increased surface tension (ST) of lung extracts from in- 
fants with hyaline membrane disease. We have noted a similar 

in each of the other preparations: (1) Guinea pigs were 

sacrificed 2-4 hours after bilateral vagotomy; ST of extracts 
of their lungs was higher than that of contre! animals. Twen- 
ty-four hours after unilateral vagotomy ST was higher on the 
vagotomized side (more marked if right vagotomy). (2) Within 
24 hours after unilateral pulmonary artery ligation, ST of 
lung extracts increased on the occluded side. The same 
menon cecurred on the ligated side following unilateral main 
stem bronchus ligation. (3) Following cardiopulmonary bypass 
in dogs for periods up to one hour ST was elevated within 5 
hours. We suggest that the ST of the fluid lining the alveo- 
- lar surfaces increases in all the conditions and plays an im- 

tant role in the development of stion and atelectasis. 
Supported by U.S.P.H.S. Grant-H-4247, 
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FORMATION OF PNEUMATIC SYSTOLE WITH THE BIRD 
VENTILATOR, M. A. Kilmore*, F. Bird* and H. F. Chase, 
Jefferson Medical College, Philadelphia, Penna. 

With the incorporation of a servo mechanism into an 
artificial ventilator, it is now possible to raise the intrapul- 
monary pressures to extreme levels without producing 
apparent pathologic damage to the lung tissue. Dogs were 
cannulated to record endotracheal, cisternal, arterial, 
central venous, and peripheral venous pressures as well ag 
the EKG. The dogs were ventilated with a Mark VIII Bird 
Ventilator. The dogs were divided into two groups: (1) chest 
unsplinted and (2) chest splinted. In group 1, endotracheal 
pressures were increased stepwise to 80 mm Hg. The 
intrapulmonary pressure did very little to support the 
arterial pressure in this group and at higher pressures 
tended to decrease cardiac output. In group 2, endotracheal 
pressures of 180 mm Hg. were obtained which produced a 
complete pneumatic systole. When cardiac arrest was pro- 
duced in the dogs of group 2, a systolic arterial pressure of 
125 mm Hg. could be obtained. This was dependent upon 
blood volume and the status of the peripheral vascular bed, 
(Supported by Public Health Grant H-4033). 
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CINEFLUOROGRAPHY OF THE UPP:R AIRWAY DURING HYPEREXTENSION 
David G. Greene and James 0. Elam.* University of Buffalo Med. 
ical School and Roswell Park Memorial Inst., Buffalo, N. Y, 
To study the mechanism of upper airway obstruction and man- 
euvers to prevent it by hyperextension of the head cinefluoro- 
graphic lateral views using soft tissue technic were made in 
15 human subjects anesthetized to apnea with sodium thiopental 
while in the lateral recumbent position with the head support. 
ed to keep the sagittal plane horizontal. Seriograms were also 
made in 12 supine subjects. Hyperextension of the head on the 
neck was performed with one hand pushing back on the forehead 
and the other pulling up on the chin. This maneuver lifted 
the base of the tongue away from the posterior pharyngeal wall 
for an average of 20 mm at the narrowest point (range 17 to % 
mn). This result is comparable to other airway-clearing man- 
euvers such as lifting directly on the body or rami of the 
mandible (Ruben et al. Lancet 1: 819, 1960). Intermittent 
positive pressure inflations caused 30 to 50% increase in the 
diameter of the hypopharynx where expansion was greatest and 
a significant increase in respiratory dead space. When exten- 
sion of the head was incomplete partial obstruction at the 
base of the tongue sometimes allowed inflation but obstructed 
expiration so that air was forced down the esophagus. With 
hyperextension maintained, wide to and fro excursions oi the 
soft palate did not prevent free flow thru the upper airway. 








Physiology 


THZ EFFECT OF SUBMICRONIC ALUMINIUM DUST INHALATION 
ON THE THORACIC LYMPHATIC AND NONLYMPHATIC FLOW IN 
UNANESTHETIZED DOGS. H, Stone’ and ox tebe. 
Université 46 Montréal, Montréal, Canada. 

Changes in pleural fluid transfer in response to 
the inhalation of submicronic aluminium dust, with 
and without concomitant sympathomimetic bronchocon- 
strictor or bronchodilator aerosolation has been 
studied in unanesthetized dogs. Evans Blue-labelled 
donor dog plasma was injected intrapleurally, and 
the lymphatic and nonlymphatic uptake calculated, 
before and after dusting, according to the method of 
Burgen & Stewart, J.Lab.& Olin. Med. 52 116 (1958). 
Exposure to dust for one hour causes an increase in 
the lymphatic uptake during that hour. This effeot 
is increased by treatment with bronchoconstrictor 
aerosol(Carbachol) before and after dusting. Broncho- 
dilator aerosol(Aerolone) similarly given, nullifies 
this effect. An increase in nonlymphatioc uptake 
after dusting is not influenced by either dilator or 
constrictor aerosol, Further work now in progress 
suggests that these changes due to dust inhalation 
may be caused by an increased negative intraple A 
pressure. (Supported by a grant from the Departmel 
of Health and Welfare, Ottawa). 
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329-341 RESPIRATION 


Physiology 


LARYNGEAL RESISTANCE DURING BREATHING. C.C. Rattenborg,* 
u.L. Kain,” W.L. Logan™ and D.A. Holaday. Section of 
Inesthesiology, Univ. of Chicago School of Med., Chicago, Ill. 
Moment to moment changes of laryngeal resistance were 
studied in dog and man. 1) In anesthetized dogs breathing 
spontaneously through a tracheostomy, the upper airway was 
sealed off and a constant air flow was passed up through the 
larynx. Using a known flow rate the resistance was measured 
directly as the pressure drop across the larynx. 2) The 
effect of muscle paralysis was studied in anesthetized, in- 
tubated humans with an inflated cuff placed between the cords. 
The cuff pressure, reflecting resistance, was low during in- 
spiration, higher during expiration and still higher after a 
relaxant was administered. 3) In awake, normally breathing 
humans the pressure drop across the larynx was measured via 
plastic catheters and displayed as a function of the 
respiratory flow rate. The slope (P/V) indicating the re- 
sistance is steeper during slow, deep breathing than during 
rapid, deep breathing. The laryngeal resistance is low 
during inspiration, higher during expiration and still higher 
after muscle paralysis. The laryngeal resistance appears to 
be adaptable to respiratory needs. (Supported by Burroughs 
Wellcome and Co., Inc.) 





Physiology 


CHARACTERISTICS OF RESPIRATORY FLOW AND PRES- 
SURE IN NEW BORN INFANTS. U.C. Luft, R.F.Goddard* 
and E.H.Roorbach*. The Lovelace Foundation and Clinic, 
Albuquerque, New Mexico. 

Flow velocity and coincident transthoracic pressure was 
recorded with a miniature pneumotachograph mask and esoph- 
ageal catheter on 20: infants from 8 hours to 36 days old. Re- 
cordings of about one minute duration were obtained while 
the infants were breathing quietly but not sleeping. 5-10 con- 
secutive cycles were analyzed by the graphic method of 
v. Neergard and Wirz. Nonelastic resistance estimated for 
mean inspiratory flow (46 ml/sec) was 51 cm H,O/L/sec and 
for peak inspiratory flow (60 ml/sec) 52 cm H,O/L/sec. In 
expiration the resistance was 64 and 72 cm H 0/L/sec at a 
mean flow of 42 ml/sec and peak flow of 56 m/sec. These 
values are considerably higher than previous measurements 
with other methods. The work of breathing expended on 
viscous resistance alone, derived from the inspiratory P/V 
loops, was 3100 g cm per liter ventilation. Pulmonary com- 
pliance in 74 full term infants was 4 ml/cm H,O (S.D. 0.9) 
as compared to 2.8 mi/cm H,0 (S.D. 0.8) in 40 premature 
infants. 








Physiology 
NERVOUS CONTROL OF THE TRACHEA AND LOWER AIRWAYS IN DOGS. 


JA, Nadel* and J.G. Widdicombe*, Cardiovasc. Res. 
Mst., U. Cale, Sere 


In dogs anesthetized with chloralose-urethane, para- 
lyzed with succiny! choline and artificially ventilated, 
we measured (a) volume changes in a by-passed tracheal 
segment and (b) total lung resistance (TLR) distal to 
this segment. In each of 6 dogs, inhalation of 10-12% 
09 caused decrease {n volume of tracheal segment (range: 
215%) and increased TLR (range: 28-120%). Inhalation 
of 5-8% CO> fn air caused decrease in tracheal volume in 
each of 6 dogs (range: 2-14%) and increased TLR in 4 of 
5 dogs (range: 22-85%). Chemoreceptor stimulation by 
injection of 2-10u gm. of nicotine into a carotid artery 
caused decrease in tracheal volume in each of 9 dogs 
(range: 3-31%) and increased TLR in each of 3 dogs 
(range: 42-57%). Cooling or cutting the vag! always 
blocked these effects. 

(Supported by Cal. Dept. P. H. and U.S.P.H.S. Grant 


Wa ing 
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Physiology 

IMPULSES IN EFFERENT NERVE FIBRES TO THE TRACHEA, 3.6. 
(ee Cardiovasc. Res. Inst., U. Cat,, S.F. 

mpulses to the trachea have been recorded in dogs, 
cats and rabbits. There were three main patterns of activity: 
I, Parasympathetic fibres (14 fibres; conduction velocity 
1.3-7.1 m./sec.). These fired spontaneously with varfous 
respiratory phases. They were always stimulated by nicotine 
(intracarotid in dogs, i.v. in cats and rabbits) and (with one 
exception) inhibited by epinephrine ({.v.). Asphyxfa, hypox- 
fa, hypercapnia and stimuli to coughing increased their dis- 
charge. By correlation with the reflex control of tracheal 
muscle, the fibres are thought to be tracheomotor. II. Para- 
sympathetic fibres (8 fibres; cond. vel. 5.9-12.5 m./sec.). 
These usually had an expiratory rhythm or no spontaneous dis- 
charge. Injections of epinephrine stimulated the fibres, 
often greatly. Other stimulf caused variable and usually 
small responses. III. Sympathetic fibres (14 fibres; cond. 
vel. 0.7-1.5 m./sec.). These fired spontaneously. Injections 
of epinephrine uniformly inhibited the discharge. Nicotine 
and stimul{ to coughing increased activity. Asphyxfa caused 
a variable response. All the responses to nicotine, epine- 
phrine, hypoxia and coughing were abolished by denervation of 
heart, lum s and carotid sinus areas. 
(Supported by U.S.P.H.S. Grant-H-4029, ) 


339 RESPIRATION—Pulmonary Mechanics—Compliance 
Physiology 


LUNG VOLUME CHANGES DURING PRESSURE BREATHING, 
Johnson, Jr.* and J. Mead, Department of Physiology, 
Harvard School of Public Health, Boston, Mass. 

Lung volumes during pressure breathing were measured in 
six subjects by two methods: (1) The subject was seated 
completely enclosed in a body plethysmograph breathing room 
air through a tube; pressures were applied to this tube and 
lung volume changes were recorded from volume changes of the 
plethysmograph. (2) The subject was seated enclosed in a 
body box except for his head which protruded through a 
respirator collar; pressures were applied around the body 
and lung volume changes were recorded from a bag-box system. 
In addition, relaxation P-V measurements were obtained 
(method of Rahn et al). P-V relationships with method (1) 
approximated those obtained with the relaxation method, The 
same was true for method (2) for airway pressures (related 
to body surface pressures) from -5 to +10 cm H20. Beyond 
these pressures the volume increments tended to be smaller 
than corresponding increments obtained by method (1). The 
extra-thoracic airways are subjected to the applied pressure 
in method (1) (and during relaxation pressure measurement) 
but not in method (2). The different results may relate to 
this, possibly in response to differences in subjective 
sensation. 


L. F. 


Physiology 


VOLUME-PRESSURE RELATIONSHIPS OF LUNGS OF FETAL, LIVEBORN, 
AND ADULT GOATS. Mary Ellen Avery * and Charles D, Cook * 
Harvard School of Public Health and Children's Medical 
Center, Harvard Medical School, Boston, Mass. 

The physical properties of lungs and thorax in fetal, 
liveborn, and older goats demonstrate changes with age. The 
fetal goats’ lungs contained a volume of fluid which made their 
lungs approximately twice as heavy as those of liveborn ani- 
mals, The interpleural pressure in the fetus was nearly 
zero, and was more negative the larger the goat. The pres- 
sure-volume characteristics of the lungs and thorax measured 
in the paralyzed, anesthetized animals show the thorax in 
the kid more compliant and the lungs less compliant/gm. lung 
tissue than in the older animal. Studies on the excised 
lungs suggest that the lungs of older animals are more dis- 
t€nsible than those of younger animals in terms of the gas 
volume/gm, lung tissue at a given transpulmonary pressure. 
(Supported by a traineeship, BT259C2 NINDB and grants H-3659 
and E-1170 NIH.) 
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Physiology 
MAXIMUM BREATHING CAPACITY (MBC) PREDICTION FROM THE 
VELOCITY-VOLUME (V-V) LOOP,R.G. Bartlett, Jr., N.E.Phillips* 
and G.Wolski*, U.S. Naval School of Aviation Medicine, Naval 
Aviation Medical Center, Pensacola, Fla. 

When an MBC V-V ioop is superimposed on a maximum (forced vital 
capacity) V-V loop, it follows the maximum envelope during the major 
portion of a breath half cycle until it breaks away abruptly, transects 
the zero velocity abscissa, and joins the maximum envelope for the 
other breath half cycle. Because of this relationship, it is possible to 
simulate the MBC V-V loop by erecting perpendiculars at either end of 
the tidal volume. If this is done for a variety of assumed tidal volumes, 
MBC VY-V loops at a number of breathing frequencies are simulated. By 
use of the equation Time = V? /Area, the calculated time for moving 
each assumed tidal volume in and out of the lungs is found. From the 
tidal volume and the time necessary for its movement, breathing fre- 
quency and MBC are calculated. The "correct"( optimum) placement of 
the tidal volume on the vital capacity axis is found by use of a family 
of curves (breathing frequency-limit of inspiration) which are evolved 
from the maximum V-V loop. The predicted MBC values over a wide 
range of breathing frequencies calculated from a single maximum V-V 
loop compare favorably with MBC values obtained with the usual 15- 
second MBC test. 





341 RESPIRATION—Regulation 
Physiology 


EFFECT OF MILD HYPOXIA ON VENTILATION DURING EXERCISE. 
Thomas F. Hornbein* and Albert Roos. Lab. of Thoracic 
Physiol., Washington Univ. School of Med., St. Louis, Mo. 
Hypoxia of mild degree (Pago above 60 m. Hg.) produces 
little or no ventilatory response in resting man during the 
steady state. How respiratory acclimatization to altitudes be- 
low 10-12000 feet can take place in the absence of a detect- 
able hypoxic chemoreceptor drive has remained a mystery. It 
has been suggested that the mechanism initiating the process 
of acclimatization to mild hypoxia might differ basically from 
that at higher altitude,where the ventilatory effect of chemo- 
receptor activity is apparent at rest. ‘The possibility exists 
that the effectiveness of a hypoxic chemoreceptor drive might 
be enhanced by exercise. To evaluate this the ventilatory re- 
sponse of subjects to varying degrees of acute hypoxia was 
measured during rest and mild exercise. Although no signifi- 
cant ventilatory response occurred during the steady resting 
state until a P,,., of 60 m. Hg. was reached, a decrease in 
Page from 100 to mm. Hg. produced a statistically signifi- 
cant increase in ventilation during only moderate exercise. 
Thus the effectiveness of a given arterial Pop as & stimlus 
to ventilation is enhanced during exercise; certainly this is 
sufficient to initiate the adaptation to altitudes so low that 
resting ventilation on acute exposure is not affected. Sup- 
ported by a grant from U.S. Public Health Service (H82(C11)). 





Physiology 


EXCITATION OF RESPIRATORY NEURONS BY CHEMICAL AGENTS. 
J.K. Kim and F.G. Carpenter, Dartmouth Medical School, 
Hanover, New Hampshire. 

The ventilatory responses and certain postural and 
autonomic responses were studied following the injection of 
isosmotic solutions of HCO,~, HPQ)", or citrate into the 
medulla of decerebrate or anesthetized cats. In most respects 
the responses resulting from any of the three compounds may 
be compared to that following an electrical stimulus applied 
in the same region. Attention was directed primarily to the 
production of apneusis and/or the alteration in 0g. Positive 
resp ed in this way were obtained in roughly 75% of 
trials. Apneusis in inspiration or expiration was usually 
followed by either an increase or decrease in Vg. Variations 
in the pH from 6.5 to 8.2 of the solutions by the addition 
of or by HCl failed to significantly alter the 
ventilatory responses even though Vp; greatly increased in the 
same animals during inhalation of 5 COp. Prolonged apneusis 
resulting from 3% citrate is followed by depression of Vz 
while an increase in Vg resulted from 1.5% citrate with a 
correspondingly shorter apneustic period. It is proposed 
that this action of all three compounds is related to their 
ability to bind calcium ions. 
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THE DYNAMICS OF CHANGE IN RESPIRATION AND ARTERIAL BLOOD a 










CSF ACID BASE PARAMETERS DURING ADMINISTRATION AND ¥ 
OF CO,. Christian J, Lambertsen, Harry Wollman,* and = © 
Robert Gelfand.* Univ. of Pa, School of Medicine, Phila,, hy 
Measurements were made at short intervals of Respiratory 
Minute Volume (RMV), and pH of arterial blood and cisterna] 
fluid in 6 anesthetized dogs as the inhaled CO. concentratig 
was changed abruptly. Following both administration and with. 
drawal of 7% CO,, RMV changed more slowly than arterial pil ay 
pCO, but more rapidly than CSF pH and pCO,. On addition of 
CO, to the inhaled atmosphere, blood pH fell 0.131, CSF pH fe 
0.117, and BMV rose 15.6 L/min. in 30 minutes. Changes were 
exponential with approximate half times of <1 min. for arteriy 
pH, 2 min, for BMV, and 5 1/2 min, for CSF pH. On withdrawaly 
7% CO,, changes were similar in magnitude, but more rapid, 
Arterial pH rose 0,143, CSF pH rose 0.135, and BMV fell 13,8 
L/min, in 30 minutes, Approximate half times were <1/2 min, fy 
arterial pH, 1 min, for RMY, and 5 min,. for CSF pH. An oversiy 
of 0.026 in arterial pH was maximal at;3 min, and compensate 
by 5 min, The differences between rates of change of BMV, ~ 
arterial pH, and CSF pH indicate that the changing stimulus t 
respiration during CO, inhalation cannot be accounted for eithy 
by pH or pCO, changes in arterial blood alone, or in CSF alo, 
However, the results are consistent with combined effects on 
the respiratory control mechanism by acid-base changes in blog 
and in some central location, 






















Physiology 

OSCILLATING RESPIRATORY CONTROL IN CHEYNE-STOKES RESPIRATION 
R.L.Lange* and H.H.Hecht. Univ. of Utah, Salt Lake City, Utah 

No agreement exists as to whether the disordered control i 
Cheyne-Stokes (C-S) respiration is primarily circulatory or 
neurological. 9 patients with C-S resp. and heart disease with 
or without neurological disorders were studied by means of sir 
ultaneous recordings of PACO2 and arterial S02, pH and CaC02, 
The lung to artery circulation (C-T) was measured. All cases 
showed a 180° phasic shift between the variation of venti 
and PACO2 on one hand and PaCO2 and Sa02 on the other. The 
peak Sa02 occurred during apnea, the lowest during hyperpnes, 
The C-T was prolonged and approximated 0.5 the cycle period. 
Mean PACO2 and PaCO2 values were low although the amplitude of 
variation reached 8 mm Hg. Results indicate that the respir- 
atory system may be considered a potentially unstable high 
gain negative feedback system. The open loop characteristics 
allow a description of the stabilizing factors in a Nyquist 
diagram. Sustained oscillation with a period twice the C-T my 
result from a decrease in the damping mechanisms, increase in 
feedback delay or increase in the gain (decrease in lung 
residual volume, prolonged C-T or hypoxia respectively). Hypo 
capnea can be due to a non-linear response of a normal respit- 
atory center to a sinusoidal variation of PaCO2 whose lower 
value falls below the 'cutoff point' of the center (apnea). 
All evidence indicates normal respiratory center function. 









Physiology 
STEADY AND UNSTEADY STATE ANALYSIS OF THE VENTILATORY RESPONSE 
TO EXERCISE. J, H, Auchincloss, Jr.*, R, Gilbert* and J. S. 
Sipple*. State Univ. of N. Y. Upstate Med. Cntr. and Syracuse 
V. A. Hosp., Syracuse, N. Y. 

A wide range of ventilatory responsiveness to CO» occurs in 
otherwise normal subjects, and a defective response may exist 
in obese individuals, even in the absence of resting COp re- 
tention. In order to investigate the possibility of a similar 
situation occurring during exercise, measurements of Vp, Pi 
and PA,, (end-tidal), R.Q., Vo, Yoo, and heart rate were made 
during & 3-minute period of standing and a 10-minute period of 
walking on a treadmill with a fixed grade of 10% and speed of 
1.7 m.p.h. Use of rapid gas analyzers for and CO, with 
appropriate sampling devices permitted comparison of end-tidal 
and mixed expired R.Q. determinations. In 5 of 14 obese sub- 
jects, the lowest R.Q. during the unsteady state was at or 
below the mean lowest R.Q. minus 2 S.D. obtained in 25 non- 
obese healthy controls. In 4 of these 5 P. at the time of 
the lowest R.Q. was lower than comparable values in any other 
obese or non-obese subject. However, P. values revealed no 
differences, Subjects who responded defectjvely to exhib- 
ited slightly lower steady state values of Vg in relation to 
their body weights. It is concluded that different subjects 
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logy 
ONSE 
3 

suse 


a 


TE SeeSe' 


AA Sate 





rf 
ase tae 


Mg-345 TOXICOLOGY 


Physiology 
MIDBRAIN FACILITATION OF RESPIRATORY RESPONSES. 

B.R. Fink*, R.L. Katz*, H. Reinhold*, and A. Schoolman*. 
Deoortment of Anesthesiology, College of Physicians and Surgeons, 
Columbia University, New York, New York. 

The demonstrated stimulant effect of wakefulness on respiration (J. 
Applied Physiol., in press) seemed to implicate the midbrain. In 7 cats 
ventilation was compared after two brain stem transections respectively 
above and below the superior colliculi. After the first section the 
minute volume (MY) averaged | .80 \/min; the average response to 5% 
CO was: MV increase 2.57 |/min, arterial pH decrease 0.14, PaCO9 
rise 16.4mm. Hg. After the second section the average MV was 0.97 
\/min; the average response to 5% CO2 was: MV Increase | .29 l/min, 
arterial pH decrease 0.17, PaCOg rise 19.1 mm. Hg. The differences 
in ventilation were significant, the differences in blood changes were 
not significant. Overventilation caused apnea after the second section, 
but not after the first. It is concluded that the rostral midbrain of the 
cat contains a facilitatory mechanism which amplifies the activity of 
caudad respiratory neurons and their response to CO9; In the un- 
anesthetized state the facilitation is sufficient to preserve rhythmic 
respiration during acute respiratory alkalosis (pH 7.62, PaCO2 10 mm. 
Hg). The simularity of the effects of this facilitation to those of wake- 


ts a common source in the midbrain R.A.S. (Supported by 
fpets svaeP RG 4/17) ha 





Physiology 


THE RELATIONSHIP BETWEEN APNEUSTIC RESPIRATION AND 
ARTERIAL BLOOD CARBON DIOXIDE TENSION IN THE CAT, 
RL. Katz*, Depts. of Anesthesiology and Pharmacology, 
Columbia University, New York, N.Y. 

Midpontile transection and vagotomy in the cat usually 
result in expiratory spasm followed by apneusis ( inspiratory 
spasm) and then by apneustic cycling.( alternating inspiratory 
and expiratory spasm). In 35 animals the respiratory movements 
and PaCO, were correlated. The initial inspiratory spasm oc- 
curred at a PaCOo of 45*3 mm Hg. The apneustic cycling was 
initiated at a PaCOg of 7644 mm Hg. Hyperventilation or intra- 
venous infusion of 2-amino-2-hydroxymethyl-1, 3-propanediol 
(THAM) abolished the apneustic cycling if the PaCO2 was 
lowered to less than 45 mm Hg. The animal remained in the ex- 
piratory position until the PaCOg rose to 45 mm Hg, at which 
time apneusis returned. Apneustic cycling resumed when the 
PaCOyg reached 76 mm Hg. If THAM was infused slowly so as 
to keep PaCO9 between 45 and 76 mm Hg., apneusis was main- 
tained for approximately one hour. Thus it appears that the 
various phases of apneustic respiration are intimately related 
to the arterial carbon dioxide tension. (Supported by Grants 
B31C and H4859 USPHS). 


Physiology 


PULMONARY ARTERIAL Peo2 AND VENTILATION IN MAN. Richard L. 
Riley, Richard S. Ross and Bruce Armstrong*. Johns Hopkins 
Univ. and Univ. of Wd., Baltimore, Md. 

In normal man there is a constant relationship between 
pulmonary arterial Peo2 and ventilation both during exercise 
and during CO2 breathing. Systemic arterial Peo2 remains 
constant during exercise but rises during C02 breathing, 
thus bearing no consistent relationship to ventilation. 

In a patient with anomalous drainage of all pulmonary 
Veins into the superior vena ceva and atrial septal defect, 
a mixture'.of pulmonary and systemic venous blood went to 
both vent¥icles. The composition of the blood in the pul- 
monary artery was essentially the same as that in the sys- 
temic arteries. During exercise the Peo2 of the blood in 
both arterial systems increased, The normal relationship 
between ventilation and pulmonary arterial Peo2 was thus 
maintained, 

The above-mentioned findings in normal man and in the 
patient with anomalous pulmonary venous drainage are con- 
sistent With the hypothesis that breathing is largely con- 
trolled through a chemoreflex which is sensitive to changes 
in pulmonary arterial blood. 

(Supported by grants from Air Force, Navy and Public Health 
Service) 








Physiology 


RESPIRATORY EFFECTS OF CARBON DIOXIDE ADMINISTRATION AND 
VAGAL BLOCK AFTER INJECTION OF GAMMA-AMINOBUTYRIC ACID. 
Charles R. Brassfield and Robert L. Sealby*. Dept. of 
Physiology, University of Michigan, Ann Arbor, Michigan. 

Intracisternal injections of 1-2 mg./kg. gamma-amino- 
butyric acid (GABA) greatly diminishes the respiratory re- 
sponses of dogs to 10% carbon dioxide. Blocking the vagi 
during the polypnea produced by GABA causes the respiratory 
rate to return to the value obtained by blocking before the 
injection of GABA. The tidal volume does not increase as 
much with block after GABA as before. Consequently, the 
minute volume of breathing after GABA is diminished by vagal 
block. The periodic type of breathing produced by GABA is 
removed by blocking the vagi. Carbon dioxide has little or 
no effect on the periodicity produced by GABA. However, vagal 
block after GABA produces a fall in mean blood pressure as 
contrasted with a rise before GABA. GABA has no noticeable 
effect upon the reflex response to high frequency (45-100/sec) 
stimulation of the vagi. The inspiratory tonus produced by 
low frequency (3.5-5/sec.) stimlation of the vagi is not 
observed after GABA treatment. These diverse effects upon 
respiration indicate that GABA introduced intracisternally 
has differential effects upon the complex neural organization 
of the respiratory center. (Supported by a grant from the 
Horace H. Rackham fund). 


Physiology 

CHEMICAL CONTROL OF VENTILATION: MEAN WHOLE BODY INTRACELLULAR 
pH IN THE INTACT DOG. Eugene D. Robin, Philip A. Bromberg’ and 
Robert J. Wilson.* Univ. of Pittsburgh Med. School, Pgh., Pa. 

It has generally been accepted that any unified theory of 
the chemical control of ventilation should be based on mea- 
surements of intracellular pH generally and of the medullary 
respiratory centers specifically. Application of the princi- 
ple of non-ionic diffusion to the weak acid 5,5-dimethyl- 
2,40xazolidinedione (DMO), as originally described for muscle 
cells by Waddell and Butler, has permitted development of a 
method for determination of mean whole body intracellular pH. 
From the mass action law, it can be shown that (H*)e x (DMO-)e 
= (H*)i x (DMO-)i. Measurement of plasma pH, extracellular 
total DMO concentration, total body water, and extracellular 
water permit the calculation of intracellular pH. The method 
has been applied to measurements of intracellular pH under 
control and various experimental conditions in dogs. Mean 
intracellular pH averaged 7.08 at an extracellular pH of 7.45. 
Duplicate determinations agreed within 0.03 pH units. C02 
inhalation leads to similar changes of pH in both compart- 
ments. HCl and NaHCO3 administration lead to much smaller pH 
changes in intracellular as compared to extracellular fluid. 
These data establish rapid intracellular penetration of CO) 
and slow equilibration of Ht and HCO5. 





343 TOXICOLOGY 
Biochemistry 


FRACTIONATION OF RICIN INTO PROTEINS EXHIBITING SELECTIVE 
TOXIC ACTION, B. R. Das Gupta*, G. R. Waller*, and J. B. 
Corcoran,* Departments of Biochemistry and Veterinary Path- 
ology, Oklahoma State University, Stillwater, Oklahoma, 

Ricin, the highly toxic protein from castor (Ricinus com- 
munis ie has both toxic (T) and hemagglutinating (H) activity, 
It is not known whether both phenomena may be attributed to 
the same protein, A crude ricin prepared by extracting castor 
seeds with physiological saline was fractionated with (NH,4)>S0, 
and yielded a ppt. at the 1/3-1/2 saturation level (24.5%) 
which contained the highest H and T activity. Starch gel glec- 
trophoresis and ion-exchange chromatography indicated that this 
ppt. contained at least 4 proteins, The two major proteins 
I (33.5%) and II (57.3%) were recovered from an Amberlite 
CG-90-Type I column (pH 6.5, 0.5 M NagHPO4-NaH2P0, buffer, 
eluent 0,1-1.0 M NaCl); each retained both T and H, Examina- 
tion of rats injected subcutaneously with the protein prepara- 
tions showed: a) crude ricin - hyperemic and degenerative 
changes in liver, small intestine and lymphatic tissues; b) 
Fraction I - hyperemic changes in small intestine and focal 
necrosis of the liver, no changes in lymphatic tissue; 

c) Fraction II - hyperemic and degenerative changes in the 
small intestine and lymphatic tissue, no changes in liver, 
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Pharmacology 


TOXICITY OF CROTALARIA SPECTABILIS. William D' Aguanno, * 

E. M. K. Geiling, and Kent J. Davis,* Div. of Pharmacology, 
Food and Drug Administration, U. S. Dept. of Health, Education, 
and Welfare, Washington, D. C. 

Interest in Crotalaria, a genus of leguminous plants, arose 
following reports of its contamination of feeds causing mor- 
talities and growth retardation among chicken flocks. Tox- 
icity of these seeds is due to monocrotaline, one of the 
hepatotoxic senecio alkaloids. Studies were initiated to 
determine the degree of toxicity of Crotalaria seeds. Immature 
rats were fed ground seeds of C. spectabilis in a diet com- 
posed of 10% sugar, 10% lard and 80% Purina laboratory chow. 
Levels of 0.25% to 4% proved acutely toxic, with 100% mortali- 
ty within 2 weeks. At autopsy these rats showed hydrothorax, 
ascites, jaundice and hemoconcentration. Some rats also show- 
ed enteritis and pulmonary hemorrhages. Delayed deaths 
occurred after 30-day feeding studies at levels of 0.125% and 
0.0625%. Subsequent tests at levels of 0.03% and 0.015% show- 
ed a growth equal to control animals for 10-15 days after 
which growth retardation at both levels and mortalities at 
0.03% were noted. Histopathology consisting of hepatic damage 
and pulmonary edema was noted at all dietary levels. A study 
of 0.00787% test level, equivalent to 2 seeds per pound of 
diet, is still in progress. 











Pharmacology 


EFFECTS OF THE ORGANIC PHOSPHATES DELNAV AND MALATHION IN THE 
DOG. Virginia L. Zaratzian, Louise T. Arnault, Theodore 
C. Michel, and 0. Garth Fitzhugh. Div. of Pharmacology, 
Food and Drug Admin., U. S. Dept. of Health, Education, and 
Welfare, Washington, D. C. 

On the basis of in vitro work, it has been suggested that 
although potentiation was not observed in animals when certain 
organic phosphates were administered simultaneously, the prior 
treatment with one of the combinations may result in potentia- 
tion. (Cook et al J. Assn. Off. Agric. Chem., 40, 664, 1957; 
41: 399, 1958). Hagan (unpublished data) showed enhanced 
acute potentiation in the rat when Delnav was administered 4 
hours prior to malathion. To evaluate further the signifi- 
cance of this potentiation to the safety of pesticidal resi- 
dues of these pounds, a subacute study was conducted in 
dogs. Doses of 0.1, 0.2 and 0.4 mg/kg (4,8,16 ppm) of Delnav, 
2,3-p-dioxanedithiol-S,S-bis (0,0-diethyl phosphorodithioate), 
or 0.2, 0.4 and 0.8 mg/kg (8,16,32 ppm) of malathion, S-/T,2- 
bis(ethoxycarbonyl)ethyl/0,0-dimethyl phosphorodithioate, were 
administered orally for a pretreatment period of 6 weeks. The 
dogs pretreated with Delnav were then given malathion and 
those pretreated with malathion were given Delnav for an add- 
itional 6 weeks. When administered according to this schedule, 
these two organic phosphates did not show any enhanced inhibi- 
tion of plasma or erythrocyte esterase activity. 
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METABOLISM OF SAFROLE IN THE RAT. Jean M. Taylor,* and 
William I. Jones,* Div. of Pharmacology, Food and Drug Admin., 
U. S. Dept. of Health, Education, and Welfare, Washington, 
D.C. 

Safrole (1,2-methylenedioxy-4-allylbenzene), the main con- 
stituent of sassafras oil, has been found in our laboratory to 
cause severe liver damage when fed chronically in the diet of 
rats. Heffter (Arch. Exp. Path. Pharmak., 35, 342, 1895) 
detected the presence of safrole, by odor, in the expired air 
of a treated dog. A metabolism chamber equipped with a trap 
for "scrubbing" the expired air was made (Haggard et al., J. 
Industrial Hyg. Toxicol., 26, 133, 1944). Safrole was admin- 
istered in a corn oil solution by stomach tube. Rats were 
placed in the chamber for 24-hour periods. The unchanged com- 
pound was detected in the expired air as long as 4 days after 
administration, although only approximately 5% of the dose was 
excreted by this route. In other studies, half of the admin- 
istered dose of safrole remained in the gastrointestinal tract 
after 6 hours, indicating slow absorption. Minute amounts of 
safrole were found in the urine. Metabolic products, volatile 
with steam, were found in both the urine and the feces. The 
characterization of the urinary metabolite will be discussed. 





ACUTE ORAL TOXICITY AND POTENTIATION §TUDIES WITH ANTICE 
ESTERASE COMPOUNDS. Ernest C. Hagan, Paul M. Jenner, 
0. Garth Fitzhugh, Div. of Pharmacology, Food and Drug . 
U. S. Dept. of Health, Education, and Welfare, Washington, 

The present study reports the effects of administering 
athion, S-/1,2-bis(ethoxycarbony1) ethy1/0,0-dimethyl phos. 
phorodithioate; Delnav, 2,3-p-dioxanedithiol-S,S-bis(0,0- ~ 
diethyl phosphorodithioate); Sevin, l-napthyl N-methyl car. 
bamate; EPN, O-ethyl O-p-nitrophenyl phenylphosphonothioate 
and Trithion, S-/p-(chlorophenylthio)methyl/ 0,Q-diethyl phop 
phorodithioate both individually and in combination to rats,’ 
LDs9'8 (mg/kg) obtained are: malathion 2350; two samples of | 
Delnav, 100 and 118; Sevin, 470; EPN, 50; and Trithion, 91, 
Potentiation occurred when malathion and Delnav were adminip 
tered simultaneously, but was greatly enhanced with adminis 
tration of Delnav 4 hours before malathion. Delnav and Seyi! 
potentiated, but only when an interval existed before is 
tration of Sevin. Trithion and malathion potentiation ob- | 
tained by simultaneous administration were somewhat greater 
when a 4-hour interval existed before administration of 
thion. However, percentage mortality resulting when Trithig 
was given 1,2,3,4, or 5 hours prior to malathion did not dif 
fer significantly from hour to hour. The administration of 
EPN prior to rather than after malathion resulted in a great) 
toxic effect. 
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SUBACUTE ORAL AND DERMAL TOXICITY OF DEET (N,N-Diethyl-m-Tole 
amide) M. L. Keplinger* and J. P. Frawley, Hercules Powder 0, 
Wilmington, Del., T. W. Tusing,* Hazleton Laboratories, Falls 
Church, Va., Geoffrey Woodard and V. J. Dardin,* Woodard 
Research, Herndon, Va. 

Deet (N,N-diethyl-m-toluamide) is widely used as an insect 
repellant. Ninety-day dermal and oral studies were done on 
rats, dogs and rabbits using massive doses, to investigate 
possible systemic toxicity. Aside from moderate to severe 
irritation at doses above 1 ml/kg, no systemic toxicity wes 
observed from dermal administration. With 1 and 2% in the © 
diet for 13 weeks, rats showed lower body weights with heavier 
livers than controls. No effects observed at 0.2%. Oral 
administration of large doses (0.1 and 0.3 ml/kg/day for 13 
weeks) to dogs caused mild CNS stimulation (tremors and hyper 
activity) and occasional emesis, but no other effects. Peri- 
pheral blood counts (hemoglobin, hematocrit, sedimentation 
rate, platelet counts, total and differential white cell 
pret E on dogs (oral 0.1 and 0.3 ml/kg and dermal 0.3 ml/kg) 
and rabbits (dermal 0.5 to 3 ml/kg) revealed no effects on th 
hematopoietic system. Gross and microscopic examination 
of the organs (dog, rat and rabbit) revealed slight damage to 
kidneys of rabbits (typical of that associated with burns of 
the skin) but no effects on 13 other organs including liver, 
spleen and bone marrow. 
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AN ALTERNATE PROCEDURE FOR DETERMINING THE TOXICITY OF 
CHOLINESTERASE INHIBITORS. D.C. Jessup* and F.C. Lu. 

Food and Drug Laboratories, Dept. of Natl. Health and 

Welfare, Ottawa, Canada. 

Inhibition of cholinesterase activity in blood and tissues 
as determined biochemically is widely used in assessing the 
toxicity of organic phosphates. The present investigation was 
undertaken to ascertain the usefulness of an alternate proce- 
dure. Rabbits were given, by the intravenous route, succes- 
sively higher doses of acetylcholine at suitable intervals 
until heart block occurred as indicated on the electrocardio- 
gram. The threshold dose of acetylcholine in 20 rabbits was 
149 + 24y/kg. There seemed to be no correlation between the 
threshold doses and the cholinesterase levels in the blood 
determined by a modified Michel method. The rabbits were then 
treated subcutaneously for 2 days with demeton at 0.5 ng. /kg- 
After treatment the cholinesterase activity and the acetyl- 
choline threshold dose were determined again. According to 
the preliminary results the threshold dose was reduced to 
about 15% of the pre-treatment figure whereas the cholinester- 
ase activity was reduced to about 55% of the control value. 
The change in the acetylcholine threshold therefore appears t0 
be a more sensitive index. 
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ASSESSME:'T OF LIVER FUNCTION IN MICE WITH BROMSULFALEIN (BSP). 
s, David Kutob* and Gabriel L. Plaa.” Dept. of Pharmacology 
filane University School of Medicine, New Orleans, La. 

The BSP method of Casals and Olitsky (Proc. Soc. Exptl, 
Piol. Med. 63, 383 (1946)) has been modified to increase its 
sensitivity. The modification, based on time-disappearance 
curves, consists of employing a 100 mg/kg iv. dose of BSP 

and an interval of 15 min, before blood sampling. This method 
was found to detect a significantly higher frequency of liver 
damage in mice receiving CCl), (100% vs 20%) or CHCl, (100% vs 
of), than did the original, In other experiments the fre- 
quency of liver damage detected by BSP in mice receiving, S.C» 
CC, (045 ml/kg), CHCl, (6.2 mM/kg), CHBr, (4. mM/kg) and 

CHI, (1.28 mi j was 80-100%; when the hydrocarbon doses 

wat reduced about one-fifth, the frequency dropped to 0-30%. 
These frequencies correlated well with those obtained by 
histopathologic examination and pentobarbital sleeping-time 
prolongation. These data suggest an order of sensitivity for 
the method that compares well to that of customary histopath- 
clogic evaluation, The effect of kidney damage on the results 
seems to be minimal, Mice treated with CHCl, (59 mM/kg) had 
normal livers but marked renal tubular necrosis; yet, these 
animals had normal plasma BSP levels. 

(Supported by USPHS Grant No. A-34,38). 
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STUDIES ON CHOLINE ACETYLASE INHIBITION BY DDA (DICHLORODI- 
PHENYLACETIC ACID), A METABOLITE OF DDT. Marvin J. Bleiberg* 
and Michael Cefaratti.* Dept. of Pharmacol., Jefferson Med. 
College, Philadelphia, Pa. 

Observations by others that (a) DDA is a major metabolite 


F of DDT, (b) similar phenylacetic acid derivatives inhibit 


choline acetylase, (c) DDT and its metabolites are stored in 
tissue, and (d) the peripheral vagus nerve of DDT-poisoned 
cats loses sensitivity to electrical stimlation, but responds 
normally to injected acetylcholine, suggest that some effects 
of DDT may be due to DDA inhibition of choline ee 
Evidence for this has been obtained. DDA (1074 to 107M) 
added to isolated intestinal strips (rabbit or guinea pig) 
reduced normal pendular tone and rate, inhibited the peris- 
taltic type of rhythm induced by physostigmine or TEPP (1077 
to 107°) but only minimally blocked the contractions induced 
by Ach. In rabbits the patellar reflex was inhibited by 
arterial injection to the spinal cord of DDA (2 mg or over). 
Smaller doses facilitated the reflex, It was briefly restored 
by similar injection of Ach or pantothenyl alcohol. In vitro 

a choline acetylase system using acetone powdered brain was 
inhibited by DDA., This inhibition was partially reversed by 
acetyl-Co-A. It is concluded that the action of DDA may be 
important in explaining the symptoms of DDT poisoning. 
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THE EFFECT OF GLUCOSE PRETREATMENT ON THE TOXICITY OF SODIUM 
TETRABORATE DECAHYDRATE. Otho D, Easterday. Med. Res, Center, 
Brookhaven Nat'l, Lab., Upton, N.Y. 

In a previous paper it was reported that glucose substan- 
tially decreased the I.V. acute toxicity of sodium tetrabor- 
ate decahydrate (BX) when studied as a glucose-borate complex, 
It was suggested that (a) the glucose-borate complex was suf- 
ficiently stable so as to be characterized as a different 
compound which had a lower toxicity or (b) the complex is 
ionized after administration thus allowing the glucose to act 
as an inhibitor to the borate ion. Since other carbohydrates 
reduce inorganic or organic borate toxicity, under different 
Toutes of administration, the mechanism of inhibition is 
favored, To obtain additional information regarding this 
phenomenon experiments were conducted in mice that were pre- 
injected intravenously with varying doses of glucose at dif- 
ferent time intervals prior to receiving glucose complexed 
and plain BX, The following conditions were employed. The 
I.V, injections were almost instantaneous, the per gram dose 
Was contained in 0,91 ml., the solution's temperature was con- 
Stant at 450 C, and a Swiss albino mouse population was em- 
Ployed. It was observed that immediate glucose pretreatment 
markedly decreased the 1.V. toxicity of plain BX with little 
or no change observed with glucose complexed BX, (Supported 
by the U.S. Atomic Energy Commission.) 
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THE EFFECTS OF "TOXIC FAT" ON SPERMATOGENESIS. J.R. 
Allen*. Univ. of Wis. Med. School, Madison, Wis. 

Thirty-six 4 week old male chickens were fed 
0.00, 0.5 and 1.0% “toxic fat" in the diet for 150 
days. Six of the birds died which were fed 1.0% 
“toxic fat" in the diet. Growth and weight gains 
were only slightly retarded in the test groups. 
Hydropericardium was observed in 22 of the 26 test 
birds with an average volume of 13.5 cc., whereas, 
ascites was absent. Chronic feeding of "toxic fat" 
exerted a marked inhibition on testicular develop- 
ment. Average testicular weight was 14.6 gms. in 
the controls, 4.1 gms. in the 0.5% group and 3.9 
gms. in the group fed 1.0% "toxic fat." Microscop- 
ic examination revealed that there was atrophy of 
the seminiferous tubules. In the testicles of the 
test chickens the spermatogonia and Sertoli cells 
were of average size and appearance. There was a 
marked reduction in the number of primary spermato- 
cytes, spermatids and spermatozoa. (Supported by a 
grant from U.S.P.H., HF-8985-Cl.) 
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ASPARTOCIN: TOXICITY STUDIES IN DOGS. H. F. Diermeier and 
L. A. Kanegis.* Dept. of Pharm. Res., Lederle Laboratories, 
Pearl River, N. Y. 

Aspartocin is an acidic polypeptide antibiotic with a 
fatty acid moiety (Shay, et al., Antibiotics Annual, 1959- 
1960). This antibiotic is active in vitro and in vivo 
against gram positive bacteria (Kirsch, et al.; Redin and 
McCoy, Antibiotics Annual, 1959-1960). Daily dosing of dogs 
with the antibiotic at doses of 2 or 10 mg/kg intramuscularly 
for 37 days produced no alterations in the functional studies 
performed. Definite evidence for hepatic, renal and cardiac 
toxicity was obtained with daily intramuscular or intravenous 
doses of 50 mg/kg. Complete histopathology was obtained on 
all dogs following the last dose of antibiotic. 





Pharmacology 


THE EFFECT OF CCl, ON THIOPENTAL SLEEPING TIME. Robert 
Megirian, Div. of ‘Pharmacology, Food and Drug Admin., U. S. 
Dept. of Health, Education,and Welfare, Washington, D.C. 

The ability of CCl, to alter the sleeping time of a 
number of the barbiturdtes is well known. In this study CCl 
was given orally to male Osborne-Mendel rats at single dose 
of 0.75 and 1.0 ml/kg and at either 3 or 5 successive daily 
doses of 0.4 ml/kg. Thiopental, 25 mg/kg i.v., was adminis- 
tered 24 hours after CCl,. All doses increased sleeping time 
significantly from approdimately 20 minutes for control groups 
to 150 minutes for the highest multiple dose of CCl, given. 
The concentration of thiopental in plasma, brain, and fat was 
compared in CCl, (1.0 ml/kg) treated animals and controls. 
The analyses wete made during the first hour after thiopental 
administration, The results indicated: (1) No difference 
between treated and control rats for thiopental in peritoneal 
fat. (2) There was a significantly lower total plagma concen- 
tration of thiopental in treated rats for the first quarter 
hour and no difference thereafter. (3) Ten minutes after drug 
injection, plasma bound thiopental was significantly lower in 
treated rats. (4) Brain levels of thiopental were consistant- 
ly and significantly higher in rats given ccl,. Therefore, 
CCl, alters sleeping time probably in part by altering the 
distribution of thiopental. 
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EFFECTS OF ETHYL P. NITROPHENYL BENZENE THIONOPHOSPHONATE (EPN) 
ON THE TOXICITY OF ISOPROPYL METHYL PHOSPHONOFLUORIDATE (SARIN, 
GB). J. H. Fleisher* and A. B. Faytol* U. S. Army Chemical 
Research & Development Laboratories, Edgewood, Md. 

The potentiation of the toxicity of Malathion, 0,0-dimethyl 
S-(1,2-bis carboethoxy) ethyl phosphorodithioate, by EPN, 
ethyl p nitrophenyl benzene thionophosphonate reported by 
Frawley et. al. (J. Pharmacol., 121; 96, 1957) led us to study 
the effect of prior administration of EPN on the toxicity of 
isopropyl methyl phosphonofluoridate (Sarin, GB). Intra- 
peritoneal injection of female rats with 6 mg/kg of EPN in 
peanut oil (approximately 1/4 the LD50) followed 4 hours 
later by injection of 1/4 LD50 of GB intravenously killed 6/6 
rats. Comparable potentiation was found when GB was adminis- 
tered by inhalation. Appropriate controls receiving two 1/4 
LD50 of GB or of EPN at comparable time intervals showed only 
minor symptoms and no mortality. Rats receiving 6 mg/kg of 
EPN followed by GB at 1/4 LD50 showed significantly lower 
brain ChE activity than controls receiving two 1/4 LD50s of 
GB. Homogenates prepared from livers of rats 4.5 hours after 
EPN injection showed depression of ability to hydrolyze GB 
when compared to untreated controls. 





‘ 
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TOXICITY AND METABOLISM STUDIES OF 6-APO-8'-CAROTENAL IN DOGS. 


ae Cc. peel zteri* and M. Osadca.* Dept. of 
'» Ho’ » Inc., Nutiey, N. J. 

The naturally occurring carotenoid B-apo-8'-carotenal has 
been found to have vitamin A activity equal to 1.2 million 
U.S.P. units per gm. This carotenoid has been synthesized 
and is intended for use by the food processing industry as a 
food color. Groups of 6 dogs were given 1.0 gm and 0.1 gm of 
apocarotenal daily for 13 weeks; another 6 dogs received the 
basal ration to serve as controls. These doses were well 


tolerated and the animals did not display toxic signs. Labo- 


ratory findings, including measurements of total and differ- 
ential leukocyte counts, hematocrit, hemoglobin, E.S.R., 
bromsulfalein retention, bilirubin, alkeline phosphatase, 
thymol turbidity, SGO-T, SGP-T, lactic dehydrogenase, iso- 
citric dehydrogenase and BUN did not show differences be- 
tween treated and untreated animals. These doses also did 
not produce marked elevations of vitamin A or apocarotenal 
levels in serum, liver, kidneys, adrenals or adipose tissue. 
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TOXICOLOGIC peng CYCLOPHOSPHAMIDE (CYTOXAN®) , 
Wheeler,* D, Pansy» C. Hawkins*, and H,G, Payne*, 

of Pharmacology, Research Center, “Mead Johnson & Co., 
Evansville, Ind. 

Cyclophosphamide (N,N-bis[B-chlorethyl]-N,0-propylene phos- 
phoric acid diamide monohydrate) was introduced as a potent 
cytostatic agent, which is thought to be inactive in its 
"transport form" but activated into a powerful alkylating 
agent by enzyme activity (Arnold, H., et al, Naturwissenschaf- 
ten 45: 64-66, 1958). In mice and rats the oral LD5O values 
were 350 and 9k mg/kg respectively. Dogs survived repeated 
oral doses of 5 mg/kg 5 days a week for 6 weeks. On a similar 
schedule rats tolerated 6 mg/kg. All pathological lesions - 
petechial hemorrhages, splenic congestion with reactive hema- 
topoietic tissue and bone marrow changes-were reversible with- 
in 2- weeks, Administration by parenteral routes was well 
tolerated; intradermal irritation was very mch less than with 
nitrogen mustard, Following a single sublethal dose, the 
peripheral blood exhibited leukocyte depression with recovery 
in 3 weeks, and erythroid depression with complete recovery 
within 12 days, On repeated doses the leukopenia in rats was 
accompanied by a reversal of the normal neutrophil-lymphocyte 
ratio, Development of leukopenia in dogs correlated with both 
dose level and total dose administered, It was evident that 
dosage could be titrated using leukocyte count as an indicator, 


A.G. 
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STUDIES ON THE ANTICHOLINESTERASE EFFECT OF PARAT 
AND METHYL PARATHION IN HUMANS, op oa Mueller “fl 
J, Alfred Rider, University of California Medical — 
Center, San Francisco, California. & 
Normal levels of RBC and plasma cholinesterase 
were determined in 12 subjects; 5 of these subjects 
were then given Parathion 3 mg/day for 28 days, 
4.5 mg/day for 28 days, and 6 mg/day for 43 days, j 
second group of 5 subjects was given Methyl Para thio, 
3 mg/day for 28 days, 3.5 mg/day for 28 days, and 
4.0 mg/day for 43 days. Control subjects were giym 
@ corn oil solution, RBC and plasma cholinesteray 
levels were determined twice weekly, Three mg and 
4.5 mg of Parathion did not produce any significant 
depression of RBC or plasma cholinesterase; 6 mg/day, 
however, produced an immediate depression of both 
plasma and RBC cholinesterase which reached a maxiay 
of 10 to 15%. Depression of plasma cholinesterase 
persisted 2 weeks after administration of the d 
was discontinued. RBC cholinesterase continued to 
be depressed for 43 days. No side effects were 
observed. Methyl Parathion, in the amounts adminis. 
tered, did not produce a depression of RBC or plasm 
cholinesterase. No side effects were noted. 
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FURTHER STUDIES ON CCl), HEPATOTOXICITY. Deane N, Calvert* and 
and Theodore M. Brody, Univ.of Michigan Ned, School, Ann arbor, 

meee or His investigation was to test further th 
hypothesis proposed by the authors that CCl), hepatotoxicity is 
the result of a sympathetic discharge due to stimulation byt 
compound of the appropriate areas of the central nervous 
(Am, J. Physiol. 198:669,1960), The long acting ganglion 
ing drug Ostensin ( Trimethidinium methosulfate, Wyeth) or the 
sympatholytic agents SKF6890 ( Trimethyl-((2-( 3,6-xylyloxy)-prm 
pyl] ammonium chloride) or Guanethidine were administered atte 
same time as the CCl)},, Measurements of liver mitochondrial 
dative phosphorylation, Mg ATPase and total lipid content an 
of adrenal catechol amine content were performed, Ostensin pr 
vented almost entirely the characteristic loss of oxidative 
phosphorylation, activation of Mg aTPase and loss of adrenal 
catechol amines produced by CCl},, It reduced the lipid accum 
lation in the liver, Likewise 6890 prevented the loss of oxi- 
dative phosphorylation and activation of the aTPase, There wi 
less prevention of the loss of adrenal catechol amines and of 
accumulation of liver lipid than with Ostensin, Guanethidine 
was less effective in preventing the oxidative phosphorylatia 
changes but was quite effective in preventing accumulation of 
liver lipid and preventing loss of adrenal catechol amines, 
The results will be discussed in the light of the above-men- 
tioned hypothesis. Supported by USPHS RGl759-Cl;, 
*Present Address: Univ, of Kansas Med, School, Kansas City,Ks, 
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TOXICOLOGICAL STUDIES ON VANCOMYCIN AND ON PEG 200, 
C. C. Lee and R. C. Anderson. The Lilly Research 
Laboratories, Indianapolis, Indiana. 

Vancomycin, an antimicrobial agent, was admin- 
istered intramuscularly to dogs at dose levels 
25, 50, 100, and 200 mg./kg. for one month, It 
given in 2 divided doses daily as 15% solution 
50% polyethylene glycol (PEG) 200. At the end 
second and fourth weeks, kidney function tests 
these dogs, as indicated by creatinine and PAH 
clearances, were normal. The venous COo contents 
were not significantly changed. At termination, 
all dogs were sacrificed for gross and microscopic 
examination. Terminal blood counts were normal. 
Blood levels of this antibiotic were proportional 
to the dosage administered. PEG 200 was given 
intramuscularly, 1 ml./kg./day in two equal doses 
for 8 days. Dogs showed no apparent toxic effects. 
Following single intravenous administration of PEG 
200, dosages of 0.5 ml. and 1 ml./kg. apparently 
produced no damage. 
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PARALYSIS AND CORD INJURY IN RATS FED B-AMINOPROPIONITRILE, 
H, A. Hartmann and J, J. Lalich. Univ. of Wisconsin Med. 
Ehool, Madison, wis, 

The paralysis which develops after administration of B- 
aninopropionitrile (BAPN) is studied with respect to site ond 

of injury. Of 92 rats which were fed BAPN at a rate of 

0,2% in the diet, 14 developed hind leg paralysis, The level 
and the severity of the vertebral column deformity wes record- 
ed when the rats were sacrificed, Longitudinal sections re- 
vealed that the spinal column angulated posteriorly from D4 
to D7. After separation between nucleus pulposus and the 
vertebral body, the latter would encroach into the spinal 
camal and compress the cord, Separation of the vertebrae was 
seen, however, also in 6 test rats without paralysis, Hemor- 
rhage, angiorhexis, within the spinal cord itself, wes e 
prominent feature in all of the 14 paralyzed rats, It was 
concluded that the effect of BAPN on the spinal cord is an 
indirect one, via the mesenchymal tissue. This is in contrast 
to the effect of B-B-iminodipropionitrile which effects the 
nerve cells in the spinal cord directly (J. Neuropath, & Exp. 
Neurol, 17: 298, 1958). (Supported by » grant from U.S.P.H., 
Be1305. ) 
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CARCINOMA OF THE GLANDULAR STOMACH INDUCED IN RATS BY THE 
DIETARY ADMINISTRATION OF N,N*~-2, 7-FLUORENYLENEB ISACETAMIDE . 
Harold L. Stewart, Katharine C. Snell*, Harold P. Morris, 
Billie P. Wagner*, and Francis E. Ray*. Nat.Cancer Inst.,Nat. 
Insts. Health, Bethesda, Md., and Cancer Research Lab. ,Univ. 
of Florida Sch. of Med., Gainesville, Florida 

Four carcinomas of the glandular stomach, one in the fundus 
and three at the pylorus, arose in rats that ingested 
N,N!-2,7-fluorenylenebisacetamide in their diet. The four 
animals were among a group of 72 male and female AxC and 
Buffalo strain rats, from 47 of which the stomach was examined 
grossly and histologically. Precancerous lesions in the form 
of plaques, umbilicate lesions or hyperplastic foci of the 
mucous membrane of the fundic, antral and pyloric mucosa of 
the glandular stomach were observed in approximately one-half 
of the animals. Many of the rats also developed atrophy, 
cellular atypism, and inflammatory changes of the mucous 
membrane of the glandular stomach and duodenum and of the 
Brunner's glands. Atrophic changes in the sex organs and in 
many endocrine and exocrine glands as well as a variety of 
tumors and other lesions were induced in different organs 
and tissues of these rats. 
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A TOXICOLOGICAL CHARACTERIZATION OF XANTHIOL (2-CHLORO-9- (3- 
(4~[3-HYDROXYPROPYL] PIPERAZINYL) PROPYL] THIOXANTHENE DIHY- 
DROCHLORIDE), A NEW PSYCHOTHERAPEUTIC AND ANTINAUSEANT AGENT. 
C. 8. Delahunt,* R. B. Stebbins, R. A. Yeary,* and D. E. Mc- 
Kersie.¥ Department of Macrobiology, Medical Research Laborae- 
tories, Chas. Pfizer & Co., Inc., Groton, Connecticut. 

The oral in mice and rats was 156 (143-170) and 850 
(675-1071) mg/kg, respectively. Daily oral doses of up to and 
including 25 mg/kg for six months did not produce hematologi- 
cal or histological changes in rats, dogs, or monkeys. Clini- 
cal tests in dogs and monkeys for thyroid, liver, and kidney 
function were within normal limits. Growth depression occurred 
in male rats administered 25 mg/kg and 30 mg/kg orally for six 
months, and in both male and female rats at oral doses of 50 
ng/kg and 60 mg/kg. At toxic levels (50 mg/kg and above) the 
primary toxic effect in dogs was emesis, probably due to local 
Gastric irritation. Other clinical, biochemical, and tissue 
alterations were: anorexia, weight loss, poor physical con- 
dition, Pneumonia; elevated BUN, alkaline phosphatase, SGOT; 
and fatty infiltration of the kidney and liver. The only ab- 
normal finding in monkeys at 25 mg/kg was tremors. The repro- 
ductive project being accomplished in rats and dogs will be 
discussed. Intramuscular and intravenous irritation studies 
Conducted in rabbits and dogs showed that the compound was 
well tolerated. 
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ADDITIONAL OBSERVATIONS ON THE EFFECTS OF BUSULFAN ('MYLERAN' ) 


ON CATARACT FORMATION AND REPRODUCTION IN RATS, Amos ©, Light. 


Wellcome Research Laboratories, Tuckahoe, New York, 

As we previously reported (Fed. Proc. 15: 560, 1956) a diet 
containing 15 mg/kg of busulfan, 1,4-dimethanesul fonoxybutane, 
produced cataracts in rats within 10 weeks when drug feeding 
commenced at the 3 weeks weaning time, Present observations 
indicate that if rats were not started on the diet until they 
were 12 weeks of age no cataracts would develop during the 
following 21 weeks on the busulfan diet. However, after an 
additional 18 weeks on a drug free regimen these animals did 
form typical cataracts, Histological examination of the males 
in this group showed atrophy of the testes and seminiferous 
tubules with fibrous tissue replacement, No sperm was seen in 
the sections, When other males and females were bred after 
having been on a busulfan diet for 10 weeks since weaning, the 
litters tended to be reduced in size and litter vroduction was 
sometimes inhibited, Infant mortality was also greater than 
in control groups, The busulfan treated mothers likewise died 
at an earlier age. However, 10 weeks were still required for 
cataract formation in the young that continued to receive 
busulfan at this high dosage level, Up to the present time 
such cataracts have not been found in any other species, 
including humans, 


345 TOXICOLOGY—Industrial 
Pharmacology 


THE ACUTE ORAL AND INTRAPERITONEAL TOXICITY OF RARE EARTH COM- 


POUNDS. B. E. Hietbrink,* D. W. Bruce,* and K. P. DuBois, 
U.S. Air Force Radiation Lab., Univ. of Chicago, Chicago, Ill. 
Measurements were made to ascertain the acute oral and in- 
traperitoneal toxicity of rare earth nitrates and oxides to 
rats and the acute intraperitoneal toxicity of the rare earth 


nitrates to mice. The compounds tested included didymiun, 


which is a mixture of several rare earths, and all of the com- 


pounds of the lanthanide series (atomic numbers 57 through 71) 
except promethium which has no stable isotopes. In all in- 
stances IDcp values were based on a 30-day observation period. 
Europium nitrate with an LDcg of 210 mg/kg was the most toxic 
of the salts given intr toneally to rats and lutetium 


nitrate (LDcg=335 mg/kg) was the least toxic by this route. 
In general nitrates were less toxic to mice, however, 
similar LDcgg values were obtained with the nitrates of 


neodymium, erbium and ytterbium in both species. Lutetium 
and thulium nitrate were slightly more toxic to mice than to 
rats. All of the rare earth nitrates given orally have IDco 
values in excess of 2700 mg/kg. The oral IDco values for the 
transition metals (europium, gadolinium and (erbium) were 
found to be greater than 5000 mg/kg. In every case most of 
the rats were able to tolerate intraperitoneal or oral ad- 
ministration of 1000 mg/kg of the rare earth oxides. 





347 VIRUSES 
Biochemistry 


SEDIMENTATION BEHAVIOR OF TOBACCO MOSAIC VIRUS IN RELATION TO 
CATION CONTENT. Fu-Chuan Chae*, » and Hubert 
S. Lering. Stenford Univ., Stanford, Calif. 

After treatment with versene and washing in deionized water 
tebacce mosaic virus, TMV, is obteined relatively free from 
calcium end magnesium and largely in the sodium form (Fujinete, 
Tu, Eng, and Loring, unpublished data). We have found that 
the sedimentation coefficient and apparent homogeneity ef such 
virus is a function beth of the ionic strength of the buffer 
used and of virus concentration. In 0.01 M sodium phosphate 
at pH 7 the virus appears in the analytical ultra- 
centrifuge over a wide concentration range giving an 820,w 
value of about 207. In 0.001 M phosphate or at lower ienic 
strengths, however, homogeneity is found only at virus concen- 
trations of the erder of 5 to 6 mg. per ml. or less. At com 
centrations of 10 mge per ml. the virus dissociates into three 
or four discrete boundaries (depending on the number of versene 
treatments) having 8 values in the range 116 to 128. Similer 
results ere found at higher virus concentrations. The 
apparent dissociation occurs without loss of infectivity. 

The authors believe that the observed sedimentation patterns 
at higher virus concentrations in 0.001 M phosphate are due 
to the dissociation of TY into smaller subunits and that 
recombination occurs either on dilution or on increasing 
phosphate concentration. (Supported by Am. Cancer Society 
grants, E 31 and E 128, and U.S.P.H.S. grant, H 1958) 
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Pathology 


EXPERIMENTAL MEASLES IN SUCKLING MICE AND TISSUE CULTURE. 
David T. Imagawe and John M. Adams. Depts. of Pediatrics and 
Infectious Diseases, School of Medicine, Univ. of Calif., Los 
Angeles, and Vet. Admin. Hosp., Long Beach. 

Hela adapted measles virus (Edmonston Strain) has been 
propagated intracerebrally in suckling Swiss albino mice for 
over 140 serial passages. A 10% infected brain suspension 
produces a lethal infection in 80% to 90% of the mice 7 to 13 
days after inoculation. The identity of the mouse propagated 


virus was established unequivocally as measles virus by neutra- 


lization tests in tissue culture and in suckling mice. The 


virus apparently became fixed on the second passage and neither 


the infective titer nor the mortality rate has altered signi- 
ficantly. Mice less than 12 hours old were more susceptible 
than older mice. Occasional adult mice died from the inocula- 
tion of the mouse adapted virus, however serial passages in 
adult mice have failed. No difference in the infectivity was 


observed when the virus was passed in 3 other strains of inbred 


mice. Passage of the virus at limiting dilutions or alternate 
passage from mice to tissue culture have failed to increase 
its infectivity. Serial passage of the mouse adapted measles 
virus in HeLa cell cultures was readily accomplished with 
infected cells, but rarely with cell-free supernatant fluid. 
Rabbits inoculated with supernatant fluid, however, produced 
antibodies to measles virus. 


Pathology 


HEMANGIOMATA IN THE CAI OF THE CHICK Ei.BRYO FOLLOV- 
ING MEMBRANE INOCULATION OF ROUS SARCOMA VIRUS. 
Helen V. Coates.* Dept. of Pathobiology, School of 
Hygiene Johns Hopkins University, Baltimore, Md. 

Hemorrhagic lesions following I.V. inoculation 
of RSV were first described by Duran-Reynolcs in 
1940. In the following experiments RSV was cloned 
in the embryonated hen's egg by 1.V. inoculation of 
virus st terminal dilutions. Virus was passed from 
those embryos having one hemorrhagic lesion located 
in the liver. One of the strains selected, when 
inoculated directly to the CAhi, produced hemorrhag- 
ic pocks in 35% of instances. On histological 





examination these lesions had many of the character- 


istics of hemangiomata. These lesions are similar 
to the hemorrhagic lesions in the CAli which follow 
I.V. inoculation of this virus. Hemorrhagic pocks 
were initiated by all preparations of this strain, 
but the oroportion of pocks progressing to hemang- 
iomata depended on the conditions of the experiment 
and the phase in the virus growth cycle when the 
virus stock was prepared. Early in the growth cycle 
hemorrhagic virus may constitute 40% of the pock 
forming virus. Late in the cycle this may drop as 
low as 2%. 


Immunology 


CLINICAL AND SEROLOGIC RESPONSES IN VOLUNTEERS GIVEN VACUO- 
LATING VIRUS BY RESPIRATORY ROUTE. 
C. G. Aulisio* R. M. Chanock*and V. Knight? Natl. Insts. of 
Health, Bethesda, Md. 

Sweet and Hilleman (1960) have shown that cell cultures 
prepared from kidneys of rhesus monkeys are frequently con- 
taminated with vacuolating virus (VV). Eight young adult 
volunteers were inoculated in the respiratory route with 2 ml 





amounts of nebulized rhesus kidney cell preparation containing 


10,000 TCIDs9 of VV. The inoculum contained no other detect- 
able viruses. At the time of virus exposure none of the 
volunteers possessed in their sera VV neutralizing antibody; 
3 weeks following virus administration, all 8 had developed 
this antibody in titers ranging from 1:5 to >1:20. None of 


the 8 in the 4 months following virus administration developed 
signs of illness. From throat washings of 2 of the volunteers 
VV was recovered on the 7th day, and from another, on the 11th 


day. Work of others (see Sweet and Hilleman) suggests that 
VV administered orally fails to infect man. In contrast, the 
present findings indicate that inhalation of VV induces sub- 
clinical infection. 


. A. Morris, K. M.Johnson*¥ 





Immunolop 

PROPERTIES OF A TRANSMISSIBLE AGENT CAPABLE OF DEGRADING Dy 
AND CATABOLIZING THYMINE IN A MUMAN CELL. R8.S. * 
Mervard School of Public Mealth, Boston, Mass. "i, 

A transmissible cytopathic agent had been isolated uring 
the first blind passage of the human "liver" cell infected 
with acute hepatitis blood. The infectivity of the agent yw 
completely cell associated. Infective degenerated cells 
retained its infectivity for at least 4 weeks at 4°C, 10 
at 36°C and 1 hour at 56°C. The infectivity was abolished 
following freeze-thawing or homogenizing. It produced chan 
acteristic intranuclear basophilic globular bodies which am 
also Feulgen positive. Established cell lines were more 
susceptible than primary explants. Preliminary immunologig) 
study failed to establish the identity of this agent. Marky 
degradation of host DNA and thymine catabolism were 
demonstrated following infection with this agent. Similar 
catabolic activities have not been observed for cells 
infected with other viruses. 


Immunology 
TRACHOMA VIRUSES ISOLATED IN UNITED STATES: INFECTIVITY AN} 


IMMUNOGENICITY FOR MONKEYS. E,Jawetz, ; 
and L, Hanna. Univ.California Med.Center, San Francisco 22 
Primates are the only experimental animals susceptible t 
eye infection with trachoma viruses. In view of the marked 
clinical diversity of trachoma it was desirable to quantitate 
responses of the monkey eye to infection with different egg- 
grown trachoma strains. For quantitative assessment of re- 
sponse we used the relative frequency of typical inclusion 
bodies in conjunctival scrapings and clinical scoring of com 
junctival discharge, hyperemia, infiltration and follicles, 
Results showed conclusively that a strain (BOUR) from 
hyperacute trachoma in California regularly gave much more 
severe eye disease, with more inclusions over longer periods 
than a strain (ASGH) from relapsed chronic trachoma in a 
Pakistani. Differences in follicle scores from monkeys in- 
fected with these 2 trachoma viruses were significant (P=0.0l) 
Repeated infection of monkey eyes with trachoma viruses 
did not modify subsequent disease. However, 3 weekly intra- 
msculas injections of live virus (4 ml crude infected yolk 
sac, 10° egg LD50/m1) modified subsequent challenge infection. 
The follicle score was much higher in 4 controls than in 10 
immunized monkeys (P=0.02). All controls developed inclu- 
sions, but only 3 of 10 immunized. Thus monkeys can be used 
to characterize trachoma strains and evaluate immunization. 


Immunology 
VIRUS ISOLATES FROM PANAMANIAN MOSQUITOES AND SANDFLIES. 


faut H. Peralta*, Pedro Galindo* and A, Shelokov. 
M e America Research Unit, C.Z., and Gorgas Memorial 
Laboratory, Panama. 

During the first 12 months of a 3-year project on the ecol- 
ogy of arthropod borne viruses in the tropical rain forest, 
which Is belng conducted by GML (under NIH grant E-2984) with 
the collaboration of MARU, major emphasis has been on virus 
isolation In suckling mice and hamster kidney cell cultures. 
Fourteen virus strains were Isolated at MARU from 412 pools of 
63,000 specimens provided by GML. Virus Isolation rates were 
for Phlebo' 1:700; for mosquitoes 1:7000, although the 
rates varied greatly with species, Of the Fe et 
isolates, two of broad host range (including cell cultures 
and short Incubation period are serologically Identical. The 
SM brain titers of the other three are low and variable; HKTC 
adaptation has not been successful, Of the 9 mosquito viruses, 
2 from Ochlero spp. and ‘erox were Isolated In 
both SM af HKTC (aith characteristic CPE). The and 

mouse Isolates cause CPE In HKTC and are lethal 
‘or weanling mice. Two mouse Isolates from r (sere 
ologically related) and two Psorophora Isolates (serologically 
related) propagate In HKTC without CPE. A virus was recently 
Isolated In SM from P, ferox. Relationship of isolates to 
known viruses Is being established. 





Immunology 


EFFECT OF FLUOROCARBON TREATMENT ON THE INFECTIVITY OF 
SEVERAL VIRUSES AND RICKETTSIAE. Ralph F. Wachter® and JoAnn 


boratories, 


P, Comer.” U. S. Army Chemical Corps Biologica: 
fort Detrick, Maryland. 

The fluorocarbon extraction method of virus purification, 

ly described by Gessler, Bender and Parkinson (Trans 

NY Acad Sci 18:701, 1956), has been reported to be applicable 
co several animal viruses, e.g., those of poliomyelitis, Rous 
sarcoma, foot-and-mouth disease, vaccinia, mumps, influenza 
and the ECHO and Coxsackie groups, This method has been 
evaluated and the present report summarizes the effect of 
fluorocarbon deproteinization on the infectivity of seven 
viruses and three rickettsiae, The viruses of Eastern and 
Venezuelan equine encephalitis, of vaccinia and variola, and 
the rickettsia of Q fever were not inactivated under the con- 
ditions employed. The virus of Japanese B encephalitis was 
somewhat unstable, while rickettsiae of Rocky Mountain spotted 
fever and rickettsialpox and the viruses of psittacosis and 
mrine pneumonitis were inactivated by the fluorocarbon mixture 
in a short period of time. However, the stability of a virus 
to fluorocarbon treatment might depend on the nature of the 
medium in which the virus is suspended, since it has been 
observed that the inactivation of partially purified Venezue- 
lan equine encephalitis virus could be prevented by addition 
of dilute serum, 


Immunology 


SERUM INHIBITION OF CYTOPATHIC EFFECT AND VIRUS RELEASE OF 
TYPE 3 POLIOVIRUS VACCINE. Ernest V. Orsi*, Giacomo Messore*, 

ur Levine* and Manuel Roca-Garcia*. Lederle Laboratories, 
Pearl River, N.Y. 

Inoculation with Lederle-Cox type 3 poliomyelitis vaccine 
and chicken serum produced an unexpected and significant delay 
in monolayer destruction. Other poliovirus strains, other 
sera and the mechanism involved were investigated. Single- 
cycle growth studies were carried out on primary monkey-kidney 
monolayers inoculated with serum-free medium and renewed with 
serum-containing or serum-free medium. The plaque method was 
used to assay virus in cell, pellet and supernatant fractions 
of cultures whose CPE was evaluated by phase-microscopy. 

Serum did not affect total virus synthesis but did signifi- 
cantly delay cell breakdown and virus release. By 33 hrs., 
when CPE differed most, about 15% of the total virus was in 
the supernatant in serum-treated cultures, in contrast to 
about 55% in serum-free cultures. Delayed CPE was found only 
with the Lederle-Cox type 3 vaccine and its post-feeding stool 
isolates. It was not found with wild types 1, 2 or 3 or with 
other attenuated poliovirus strains tested. Effective sera 
were antibody-free samples obtained from 9 species including 
man. The serum-induced delay in CPE does not depend on virus 
neutralization or interference with virus adsorption. 
Apparently serum selectively delays the entrance of water and 
subsequent cell lysis following infection. 








Immunology 


AGGLUTINATION OF WHITE BLOOD CELLS BY MENINGO-PNEUMONITIS 
VIRUS. I.L. Shechmeister and G. Parikh.* Department of 
Microbiology, Southern Illinois Univ., Carbondale, I1l. 

Rabbit polymorphonuclear leucocytes, obtained after intra- 
Peritoneal injection of glycogen in saline, were agglutinated 
by meningo-pneumonitis virus (MPV). Approximately 1x105 egg 
WD50 units of MPV were required to agglutinate 1-5x10/ WBC. This 
reaction was inhibited by sodium azide and trypsin. Ascorbic 
acid at pH 9.5 produced higher agglutination. To elucidate 
the nature of this phenomenon, antigenic structure of MPV 
has been studied by the following procedures. Fluorocarbon 
extract of differentially centrifuged MPV gave seven lines of 
different thickness by Ouchterlony 's technic, only one of 
which was due to egg material. Trypsin destroyed activity of 
all precipitinogens; chymotrypsin was similarly destructive to 
virus antigens but failed to affect the host material. Lipase 
and amylase inhibited the development of one and two lines 
Tespectively. A technic has been developed to detect MPV 
Precipitinogens on filter paper by fluorescent antigen-antibody 
Teaction. The results of adsorption and elution from certain 
Cationic and anionic resins, and of the application of starch 
electrophoresis for separation of MPV antigens will be dis- 
cussed in relation to establishing the t(s) responsible 
for leucocyte agglutination. 

(Supported by a grant from the Office of Naval Research) 











Immunology 


SEROLOGICAL EVIDENCE OF DIFFERING EPIDEMIOLOGICAL PATTERNS OF 
MEASLES, Francis L. Black, Yale Univ. School of Med., New 
Haven, Conn, 

Most persons who have had measles possess easily measur- 
able neutralizing antibodies, whereas those who have not had 
the disease are uniformly devoid of these antibodies. Hence 
serologic tests are capable of giving an unusually clear pic- 
ture of the measles history of an individual or a population. 
Serologic tests have been applied to sera collected in the 
United States, Guatemala, Iceland, Tahiti and the Canadian 
Arctic. The Arctic population was essentially without measles 
antibodies, reflecting the absence of reported disease in the 
areas under consideration. In Tahiti there was a close corre- 
lation between the age at which antibodies were found and the 
interval since the last epidemic. In Iceland a considerable 
number of adults, particularly in rural areas, had no anti- 
bodies against measles, In an urban area of the United States 
there was a correspondence between age of entering school and 
the age at which antibodies were most frequently acquired. In 
more crowded and less developed areas, the usual age of anti- 
body development was lower, The various areas may be class- 
ified either as measles endemic or potentially epidemic areas, 
The division would appear to be primariby dependant on popula- 
tion with the dividing line at about 100,000 persons, 


Immunology 
THE KINETICS OF VIRUS PENETRATION, HENRY V, THORNE, * 
(INTRODUCED BY L, C, MCLAREN), DEPT, BACTERIOLOGY, UNIV. OF 
MINNESOTA, MINNEAPOLIS, MINN, AND RESEARCH INST, (ANIMAL VIRUS 
DISEASES), PIRBRIGHT, SURREY, ENGLAND, 

THE KINETICS OF INFECTION BY THE VIRUS OF FOOT-AND-MOUTH DISEASE 
WAS DETERMINED AS A FUNCTION OF VIRUS CONCENTRATION, CELL CONCEN- 
TRATION AND TEMPERATURE USING ACIDIFICATION TO PH 5,7 TO TERMINATE 
THE REACTION WHEN REQUIRED (CARTWRIGHT AND THORNE, NATURE 182; 
717, 1958), THE INFECTION CURVE WAS SIGMOIDAL IN FORM WITH AN 
INITIAL LAG STAGE FOLLOWED BY A LINEAR REGION WITH A SLOPE PROPOR- 
TIONAL TO THE VIRUS AND CELL CONCENTRATIONS OVER A WIDE RANGE, 

THE INFECTION RATE WAS ZERO BELOW 15° C, AND INCREASED RAPIDLY 
WITH INCREASING TEMPERATURE TO GIVE 90% COMPLETION OF INFECTION 
IN 3 MINUTES AT 37° C, EQUATIONS DESCRIBING THE OVERALL PROCESS 
FOR A MODEL POSTULATING CONSECUTIVE ADSORPTION AND PENETRATION 
REACTIONS WERE DERIVED WHICH AGREED CLOSELY WITH THE EXPERIMENTA. 
RESULTS, USING THESE EQUATIONS, RATE CONSTANTS FOR ADSORPTION 
AND PENETRATION WERE CALCULATED, THE HALF-TIME FOR PENETRATION 
WAS aBouT 30 SECONDS AT 37° C, INCREASING TO ABOUT 6 MINUTES AT 
20° C. AND THE ENERGY OF ACTIVATION was 24,000 caLs./moL, 
SIMILAR VALUES WERE OBTAINED WHEN ADSORPTION WAS COMPLETED AT 
LOW TEMPERATURE BEFORE PENETRATION WAS ALLOWED TO OCCUR, 


Immunology 


ANTIBODY INACTIVATICY OF D°TERGENT TREATED TOSACCC MOSAIC 
VIRUS. Irvi Rappaport Botany Dept..U.C.L.A. 

Frevious investigations revealed that rab-it anti-TMV 
antiserum inacvivated the virus if an antibody molecule con- 
bined at or near any one of a small number of critical sites. 
The data further suggested that the critical sites were dis- 
tributed individually over the surface of the rod rather than 
grouped together in "critical areas." Nevertheless, in order 
to test for the possibility of "critical areas" existing at 
the ends of tie rod, the virus was treated with duronol to 
remove portions of the ;rotein moiety from the ends of each 
TV particle. Virus and duponol were incubated until the in- 
fectivity was reduced to 3% of the original. This remaining 
infectivity was sensitive to RNAase, indicating that portions 
of the rrotein had been removed, exposing sections of the m- 
cleic acid molecule. These RNAase. sensitive rods were incu- 
bated with purified rabbit antibody. Inactivation was great- 
er and more efficient with the duponol treated virus than 
with the untreated controls. The data suggest that the ends 
of the TMV particles are not involved in any initial host 
attachment reaction, and that those sites which are critical, 
and can be blocked by antibody, are distributed over the body 
of the rod. (Supported by a grant from N. I. H.) 








Immunology 


TUMORIGENESIS WITH PHENOLIC EXTRACTS OF WILD AND DOMESTIC 
RABBIT PAPILLOMA TISSUE AND OF PARTIALLY PURIFIED SHOPE PAP- 
ILLOMA VIRUS. Yohei Ito.* Department of Microbiology, School 
of Med., Univ. of Washington, Seattle, Wash. 

Extracts prepared from glycerinated papilloma tissue of P 
wild cottonteail rabbits by the "cold phenol" and "hot phenol 
methods were previously reported to be tumorigenic in domestic 
rabbits, and the active factor was suggested to be of DNA na- 
ture (Ito, Y., Vrotcge in press). In the present work fur- 
ther attempts were to obtain tumorigenic extracts from 
partially purified Shope papilloma virus and also from domestic 
rabbit papilloma tissue from which ordinarily little or no in- 
fectious virus can be demonstrated. The viruses were prepared 
by 2 or more cycles of differential centrifugation (Beard et al, 
J. Infec. Dis. 65: 43, 1939), and the homogeneity of the prepar 
@tions was examined by conventional electron microscopy. Both 
"cold" and "hot" phenol extractions were employed on 3 lots of 
the virus preparation. All yielded tumorigenic extracts, re- 
gardless of the extraction method used. 16 phenolic extrac- 
tions with a variety of methods were carried out on papilloma 
material from domestic rabbits; 12 gave rise to papillomatous 
growth in domestic rabbits of the same breed. Comprehensive 
tests for intact virus were carried out on 7 specimens taken 
from the starting material of domestic papilloma; all turned 
out to be negative. (Supported in part by an NIH grant.) 


348 VIRUSES—Bacteriophage 
Biochemistry 


INACTIVATION OF BACTERIOPHAGE WITH POLYANIONS, P. T. Mora*, 
B, G. Young* and S, Rizvi.Nat. Inst. of Health,Bethesda, Md, 
We investigated the mechanism of irreversible inactivation 
of T2 bacteriophage upon incubation with anionic synthetic 
gotzernsior'tdes at reduced pH (4,2-4,6), fy ays $35 sul- 
ate interacted with the phage at reduced pH,but dissociated 
when the pH was brought back to 7 before platings it did not 
penetrate inside the E. coli when incubated with the bacterial 
cell alone. There was no significant reduction in the attach- 
ment to the E.coli of $35. or p32 labelled phage components} 
however a significant amount of p32 was sheared off more easi- 
ly in blendor experiments. There was no incorporation of P 
into offspring when E.coli was simultaneously infected with 
unlabelled phage. These results indicated that,after treatment 
with the polysaccharide,DNA was not injected as in the case of 
untreated phage. Either the penetration enzyme was blocked or 
the tightly packed DNA structure in the head was altered, 
preventing DNA release, Removal by the polyanion of cationic 
polyamines, normally present in the DNA to neutralize its 
charges, favors the latter explanation. 











Biochemistry 


THE PROTEIN SUBUNIT OF BACTERIOPHAGE 9X-174. 
E.A. Carusi* and R.L. Sinsheimer. Calif. Institute of 
Technol., Pasadena, Calif. 


The protein coat of bacteriophage $X-174 has been dis- 
sociated to a subunit form by 24 hours' incubation at 40°C. 
in 0.01 M sodium borate buffer, pH 10.5 containing 1 gm./ 
100 ml. sodium dodecyl sulfate (SDS). The protein was freed 
of contaminating DNA, as judged by spectral analysis, by 
repeated precipitation of the protein with ammonium sulfate 
at 17% saturation. Clear solutions of the protein are ob- 
tained in borate buffer, pH 10.5 at a concentration of 0.5 
gm. protein/100 ml., and at pH 8.5 at a concentration of 
0.05 gm./ 100 ml. In solution of neutral or acidic pH, the 
protein aggregates in a non-specific fashion. The immuno- 
logical properties of the protein are not destroyed by dis- 
persion to subunits. The subunit exhibits a single boundary 
in sedimentation velocity experiments. The value of S 
obtained in a solution containing 0.001% added SDS on h.5. 
In sedimentation equilibrium experiments performed in the 
same solvent, the protein appeared almost homogeneous, and 
@ molecular weight of 70,000 + 2,000 was obtained. There 
are thus 60 such protein subunits in the intact virus 
particle. 
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Biochemistry 
Characterization of DNA from Bacteriophage dg Active in 
Transforming E.coli. John R.Simmons"and David S. Hogness, 
Dept. Biochem., Stanford University, Palo Alto, California, 

DNA isolated from bacteriophage \dg transforms gal E, 
coli strains, lacking either galactokinase or UDP-galactose 
transferase, to the gal" state. DNA molecules active in this 
transformation also contain phage genes and appear to repre- 
sent the entire \dg chromosome (Kaiser, A.D, and Hogness, 
D.S., J. Mol. Biol., in press), The possibility that such DNA, 
and therefore the A\dg chromosome, may contain a small 
amount of protein was investigated by using S35-labeled phage, 
DNA prepared from such phage by the phenol method and puri- 
fied by three consecutive CsCl density gradient centrifugations 
contained 0.2 atoms of stably bound sulfur per phage-equiva- 
lent of DNA. Since only one gal transformant is registered 
per 104 phage-equivalents of DNA, the active DNA molecules 
may contain one or more sulfur atoms depending on the effic- 
iency of the transformation assay in measuring active mole- 
cules and upon the heterogeneity of the DNA preparation. This 
heterogeneity and the sedimentation characteristics of the 
active DNA molecules were investigated by zone sedimenta- 
tion in sucrose gradients and by chromatography on protein- 
coated kieselguhr columns (Mandell, J.D. and Hershey, A.D., 
Anal, Biochem., 1: 66, 1960). 





Biochemistry 


ENZYME AND NUCLEIC ACID SYNTHESIS AFTER INFECT- 
ION WITH UV-IRRADIATED T2. J.S.Wiberg* and M. L, Dirk- 
sen*, Div, of Biochem., Mass, Inst, Technology, Cambridge, 
After infection of E, coli B by T2 certain enzyme activities 
increase steadily between 3 and 12 min. and then remain 
constant. However, after infection by UV-irradiated T2, a 
continuing rise in activity (UV effect) is seen (Dirksen et al., 
Proc. Natl. Acad.Sci. 46, 1425,1960), Further studies show 
the UV effect with dTMP synthetase and hydroxymethyl 
dCMP kinase. However, neither DNA polymerase activity 
assayed with unheated primer, nor dAMP kinase activity, 
both known not to change after T2 infection, show any change 
after infection with irradiated T2, Enzyme synthesis during 
this early period is being studied in relation to RNA turnover 
and to processes which are initiated at about the same time 
that the synthesis of these enzymes is concluded during 
normal infection, e.g., synthesis of DNA, lysozyme, and 
structural proteins, When P32 was administered 1 min. 
after infection and diluted 5 min, later with P31 (Volkin and 
Astrachan, Virol, 2, 149,1956), it was found that P32 uptake 
by RNA and subsequent RNA turnover diminished with in- 
creasing UV dose, Yet 35 min, after infection the amount 
of P32 remaining in RNA is the same in all cases studied, 


Biochemistry 


THE ANTIGENIC DETERMINANT GROUPS OF BACTERIOPHAGE DNA. 
Edith Townsend,* William T. Murakami,* and Helen Van Vunakis. 
Grad. Dept. of Biochemistry, Brandeis Univ., Waltham, Mass. 
Six rabbit antisera (2 anti-T2 DNA, 2 anti-T4 DNA and 2 
anti-T6 DNA) have been examined for homologous and heterolo- 
gous reactions with T2, T4 and T6 DNA. The serologic activi- 
ty reflects, at least in part, the type of linkage of the 
glucosyl moieties of hydroxymethylcytidylic acid, The diglu- 
cosyl moiety of T6 phage DNA is an a-gentiobioside as indi- 
cated by the relative inhibitory actions of amygdalin, genti- 
obiose, isomaltose, cellobiose, maltose, laminaribiose and 
sophorose. The much greater inhibition observed with diglu- 
cosyl-hydroxymethylcytidylic acid indicates that the antigenic 
determinant group extends beyond the diglucosyl moiety. Inhi- 
bition and cross-reaction data with the T2 immune system show 
the predominant role of the A-glucosyl moiety, whereas data 
obtained with T4 DNA antisera demonstrate the antigenicity of 
both a- and& -glucosyl linkages on T4 DNA. 





















RUSES 


mistry 
-in 
ness, 


rnia, 
tose 
this 
epre- 
less, 
DNA, 
: 
ohage, 
1 puri- 
Jations 
uiva- 
red 
ules 
effic- 
ole- 

. This 
e 

ita - 
ein- 
A.D., 


mistry 


ECT- 
Dirk- 
dge, 
vities 
n 

A a 

t aliZ 
show 


ity 

Ys 
ange 
ring 
10ver 
me 


1d 


and 
otake 
nt 


i, 


u - 
enic 
nhi- 
how 


of 





$47-366 VIRUSES 


Biochemistry 
ENZYMES IN NORMAL AND BACTERIOPHAGE-INFECTED E. COLI. 
urice J. Bessman, Leonard J. Bello, and Mar Jane 
pusttber: *the Johns Hopkins Univ., Baltimore, Ma. 

A group of enzymes including thymidylate synthetase, 
and deoxyguanylate and thymidylate kinases present in the 
yninfected cell are markedly stimulated by bacteriophage 
infection. In an attempt to answer whether these increas 
ed activities represent increased synthesis of the same 
enzymes present in the uninfected cell or new proteins 
having the same activities, we have made the following 
observations. 1. The deoxyguanylate kinase of uninfected 
cells requires potassium for maximum activity, whereas 
the increased activity observed after phage infection 
does not. 2. Two discrete peaks having deoxyguanylate 
kinase activity are evident in extracts of infected cells 
chromatographed on columns of diethylaminoethylcellulose 
whereas only one peak is present in extracts of uninfect- 
ed cells. 3. Chromatographic profiles also suggest that 
the thymidylate kinase of infected cells is seperable 
into two components whereas the same activity in uninfec- 
ted cells is not. The evidence, therefore, strongly sup- 
ports the view that the deoxyguanylate kinases of normal 
and infected cells are different proteins. These obser- 
vations pose the question whether all the proteins syn- 
thesized after T-even phage infection are specific to 
the infecting phage. 


Biochemistry 


THE EFFECT OF T2 INFECTION ON THE NUCLEIC ACID 
METABOLISM OF E. COLI. Priscilla J. Ortiz 
August* N. Y. Univ. , School of Med., N.Y.,N. ¥. 

Although there is no net synthesis of RNA in E. coli 
infected with coliphage T2, a rapid turnover of a smali 
fraction of the total RNA has been demonstrated (Volkin and 
Astrachan. Virology 2, 149(1956). To further examine these 
phenomena, studies of enzyme systems concerned with RNA 
metabolism were undertaken. Extracts of E.coli prepared 2, 
4,8,and 12 minutes after addition of T2 were examined for 
their ability to incorporate ATP-C" into an acid-insoluble 
product. The extract of uninfected cells incorporated 8.3 
muM ATP-C*/mg protein/20 minutes, and the 4, 8, and 12 
minute extracts only 0.30 mypM, or less. The incorporation 
by the uninfected cell extract was both RNase and DNase 
sensitive. When yeast S-RNA was included in the assay 
system, the incorporation was the same in all extracts. In 
addition there was no effect of any of the extracts on E. coli 
5-RNA terminally labeled with C*- AMP. The following 
systems were not affected by phage infection:polynucleotide 
phosphorylase and the kinase activities for GMP, CMP, or 
UMP. 





Biochemistry 


DOUBLE REFRACTION OF ORIENTED Ty BACTERIOPHAGE. M. A. 
lauffer, I. J. Bendet* and D. A. Goldstein*. Dept. of Bio- 
physics, Univ. of Pittsburgh, Pittsburgh, Pa. 

Results are presented of experiments designed to determine 
conclusively whether double refraction of oriented pellets of 
1, bacteriophage (Nature 187:781, 1960) is attributable to 
intrinsic structure of the bacteriophage particle or to 
oriented external DNA. Streaks drawn from both T, and DNA 
Pellets show negative double refraction; DNAse destroys the 
ability of DNA to form birefringent pellets but has no effect 
on this ability of the phage. Unstreaked pellets of T 
bacteriophage are liquid crystals and are distinctly different 
in appearance from liquid crystalline DNA pellets. Effects of 
of various chemical treatments on liquid crystallinity are 
also presented. These studies strongly support the conclusion 
that the double refraction of oriented T, bacteriophage prepa- 
tations result from internal orientation of DNA within the 
Phage head. (Supported y Office of Nava] Research Contract 
Nonr-624(12), NR 304-489. 
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Immunology 


PRODUCTION OF SPECIFIC ANTIGENS IN PHAGE-INFECTED 
BACTERIA, Gerhard F, Fueger¥ Sigmund R. Suskind 
and Charles A. Thomas. * Schns Hopkins University, 
Baltimore, Md. 

When T,, bacteriophage infects Escherichia coli 
Ke12 (A), ‘new antigens are produced. ese phage- 
induced antigens are detected by the agar diffusion 
technique employing antisera prepared against ex- 
tracts of phage-infected bacteria, These antisera 
are initially absorbed with extracts of uninfected 
bacteria and subsequently absorbed with ogmotically 
disrupted phage. The absorbed antisera will now 
react only with extracts of infected bacteria. This 
residual activity is recognized by two narrow well 
defined bands. The active components in the infec- 
ted bacterial extracts are stable to nucleases, 
dialysis, and incubation at 37°, and can be purified 
by ammonium sulfate fractionation, These components 
in contrast to certain phage proteins (internal 
protein, sheath, core), are unstable in 0.2 M NaOH. 
It is concluded that the serologically active sub- 
stances are specifically formed during phage infec- 
tion, but are not part of the intact phage particle. 





350 VIRUSES—Chemotherapy 
Immunology 


ANTIMICROBIAL ACTIVITY OF ABALONE JUICE. C. P. Li, Benjamin 
Prescott* and W. G. Jahnes*, Div. of Biologics Standards and 
Natl. Inst. of Allergy and Inf. Dis., Natl. Insts. of Health, 
Bethesda, Md. 

Two groups of fractions were isolated from abalone juice 
by passage through an anion-exchanger diethylamino-ethyl- 
cellulose (Cellex-D) column followed by elution with a series 
of Tris-H3P0, buffers. Antibacterial activity of group A 
sepnesditiig the early eluates has beex reported elsewhere 
(Proc. Soc. Exp. Biol. & Med., in press). Present study is 
mainly concerned with the antiviral effect. Group A showed 
no inhibition in tissue culture against Japanese 305 strain 
of influenza A virus and polyoma virus. Group B representing 
later eluates including final wash from column with M NaCl 
contained no antibacterial activity. However, it showed 
definite inhibition against influenza virus and polyoma virus. 
In one illustrative experiment, inoculation of 10 TCIDs9 of 
influenza virus into a monolayer tissue culture of monkey 
kidney cells in 1 ml of 199 medium yielded 105 TCIDs9 virus 
per 0.2 ml after 48 hours incubation. When cells were treat- 
ed for 24 hours before virus inoculation with a fraction of 
group B in concentration of 50 mg%, virus multiplication 
could not be demonstrated. 


Immunology 
AN EVALUATION OF VIRUS-INDUCED ROUS SARCOMA AS AN EXPERIMENTAL 


MODEL IN CHEMOTHERAPY. Roman J. Pienta*, Bagene H. Bernstein*, 
miwigelertemedce te de sia 
Univers » New wick, Ne Je 

Typical sarcoma cells can be identified histologically with- 
in 48 hours after inoculation of Rous sarcoma virus into the 

web of chicks (Loomis and Pratt, J. Nate Cancer Inst. 17: 

101, 1956). This observation indicated that the latent per- 
iod for the macroscopic appearance of the tumor in the trans- 
lucent wing web could be utilized to detect therapeutic activ- 
ity provided that daily injections of candidate preparatiens 
were delayed for 72 hours after infection with virus. Chicks 
less than 10 days of age were infected with 100-1000 EDco of 
virus and daily intramuscular injections of candidate substan- 
ces were begun 3 days after infection. Of 88 carefully select- 
ed candidate compounds only 6 gave consistently positive re- 
sults, These were actidione, 6-thioguanine, ,6<diamino-l-(3- 
bromophenyl)-1,2-dihydro 2,2=dimethyl-s-triazine, Cytoxan, and 
S-fluordeoxyuridine. Of these Cytoxan was by far the most 
effective. This system is rapid, reproducible, and lends it~ 
self to statistical analysis using graphic methods that util- 
ize probits and rankits.. In addition, the Rous sarcoma has 
the real advantage of providing a tumor that arises de novo 
from the host's own tissues. 
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351 VIRUSES—Electron Microscopy 
Immunology 


ELECTRON MICROSCOPY OF PSEUDORABIES VIRUS (Pr) PRODUCED BY 
RABBIT KIDNEY (RK) CELLS TREATED WITH 5-FLUOROURACIL (FU). 
Magdalena Reissig and Albert S. Kaplan. Division of Micro- 
biology, Dept. of Radiology, Albert Einstein Medical Center, 
Philadelphia 41, Pa. 

The formation of infectious Pr virus by RK cells is pre- 
vented by FU, a potent inhibitor of DNA synthesis. Neverthe- 
less, cytopathic changes (intranuclear inclusions and syn- 
cytia) usually produced by infection with Pr virus are ob- 
served also in virus-infected cells treated with FU. Electron 
microscopic observation of fluids from FU-treated virus- 
infected cultures shows that virus-like particles ere formed 
and that although incubation with FU reduces the titer of the 
virus yields approximately 200-fold, the number of physical 
particles produced is lowered by a factor of less than 3. A 
comparative electron microscopic study of the structure of 
the particles produced by FU-treated and untreated cells was 
done with thin sections of ultracentrifuge pellets. This 
study shows that pellets obtained from virus-infected un- 
treated cells contain large numbers of particles consisting 
ef a dense core surrounded by two concentric membranes. The 
majority of the particles yielded by FU-treated cells appear 
as empty shells which lack the dense core. (Supported by a 
grant from the Public Health Service (E-3362).) 





352 VIRUSES—Enteroviruses 


Immunology 


SOME PROPERTIES AND PREVALENCE OF COE VIRUS. Andrew Abraham,.* 
Dept. of Microbiology, School of Medicine, University of 
Pittsburgh. 

The Coe virus, originally isolated by Lennette (Amer. J. 
Hyg. 68, 272, 1958) from cases of respiratory disease, has 
been isolated by the Pereiras in Great Britain (Lancet, 

Oct. 10, 539, 1959) and has been studied by Jordan (P. S. E. 
B. M. 103, 509, 1960). In the course of epidemiological 
studies several agents were isolated which resembled the Coe 
virus, but which were immunologically unrelated. As a part 
of this work, certain biological properties (adsorption to and 
growth curves and plaque formation in human amnion (FL) cell 
cultures, heat inactivation) of the Coe agent were determined, 
which showed resemblance to those of the enterovirus group. 

A serological survey was carried out which showed the presence 
of antibodies in a significant number of individuals in the 
Pittsburgh area. In young adults the prevalence of antibodies 
was 6%, in the middle aged group 15%, a trend similar to that 
found by the Pereiras in Great Britain. A small group of 
Thailand sera showed a higher prevalence rate. These data 
suggest that infections with Coe virus occur over a wide 
geographical range. (Supported by a grant from the Office of 
the Surgeon General, U. S. Amny.) 


Immunology 


CHARACTERIZATION OF TWO VIRAL AGENTS ISOLATED FROM INFANTS 
WITH GASTROENTERITIS. William C. Branche, Jr.* and Viola Mae 
Young* . 
Two viral agents which belong to none of the entero- 
viruses accepted by the Committee on Enteroviruses as ECHO 
prototypes hvve been isolated from cases of gastroenteritis 
in Puerto Rican infants. Neutralization tests revealed that 
one of these infants developed a significant rise in antibody 
titer to the homologous virus during the attack. Antibodies 
against the second virus were demonstrated in pooled sera 
from adult Puerto Ricans. Plaques were not formed by these 
viruses by 3 methods employed. The two agents had the 
following characteristics: (1) They produced polio-like CPE 
in Rhesus monkey kidney tissue cultures; (2) They were not 
sensitive to desoxycholate or ether; (3) They did not hemag- 
glutinate with human or chick red blood cells nor did they 
hemadsorb; and (4) They produced no disease in suckling or 
adult mice, guinea pigs, hamsters, monkeys or embryonated 
eggs. In these and in all other characteristics the 2 virus- 
es were shown to have all of the biologic properties required 
by the Committee on Enteroviruses as requisite for E6HO 
prototypes. No serologic crossing could be demonstrated 
between these viruses or with the prototype ECHO viruses. 





Walter Reed Army Inst. of Research, Washington, D.C. 





347-366 VIRUSES 


353 VIRUSES—Enteroviruses—Coxsackie 


Pathology 


STUDY OF PAROTITIS PRODUCED IN WEANLING MICE BY Cox. 
SACKIE B-1 (CONN.-5). William B. Wilson.* Dept. of 
Pathology, Vanderbilt Univ. Sch. of Med., Nashville, 

This virus was found to produce parotitis in 85% 
of weanling mice injected intraperitoneally. Coagu- 
lative necrosis of the acinar cells appeared three 
days after injection, and was most marked at 5-6 
days, accompanied by heavy round cell infiltration, 
Regeneration usually occurred. The agent recovered 
from parotid was identified as Coxsackie B--: by spe- 
cific neutralization, and produced in newborn mice 
lesions typiga} of Coxsackie B. The IDs for paro- 
titis was 10°** newborn mouse LDsgs. Serial passage 
through parotid did not increase pathogenicity for 
this tissue, Virus appeared in the parotid on the 
first day after injection, was at its highest titer 
on the third day, and was still demonstrable on the 
ninth day. On the third day, no viremia was demgn- 
strable, but the titer per mg. of parotid was 10 
newborn mouse LD50s. The chloride content of saliva 
of infected mice dropped from a control valve of 80- 
90 mEq./l. to an average of 65 on the third day, and 
79 on the seventh day. Thereafter it was normal, 
The serum chloride was unaltered, (Supported by PHS 
Grant E-2536). 





354 VIRUSES—Enteroviruses—Echo 
Immunology 


STRUCTURE AND DEVELOPMENT OF ECHO TYPE 9 
VIRUS: OBSERVATIONS BY ELECTRON AND LIGHT 
MICROSCOPY. R. A. Rifkind, *G. C. Godman, * C. Howe, 
C. Morgan and H. M. Rose. Depts. of Microbiology and 
Medicine, College of Physicians and Surgeons, Columbia 
University, New York. 

Thin sections of infected monkey kidney cells revealed 
viral particles in linear arrays oriented upon parallel 








fibrils which displayed an hexagonal pattern in cross-section, 


The particles, averaging 22 mp in diameter, were of two 
types: one lacking internal structure, the other containing 
a dense core. Cytopathic changes consisted of condensation 
of chromatin, plication of the nuclear membrane, formation 
of a juxtanuclear mass of vacuoles and the accumulation 

of cytoplasmic granules, presumably ribonucleoprotein, near 
elements of the endoplasmic reticulum. The viral particles 
appeared to form at cytoplasmic template sites consisting 
of finely granular material. Release of virus followed dis- 
solution of the cell membrane. Cytochemical studies 
disclosed an unusual distribution of nucleoprotein in infected 
cells. 


355 VIRUSES—Enteroviruses—Poliomyelitis 
Nutrition 


CHROMATOGRAPHY OF PHOSPHOLIPIDS OF HELA CELL INFECTED WITH 
POLIOMYELITIS VIRUS. Will Sandstrom,* W. E. Cornatzer and 
Robert G. Fischer,* Dept. of Biochem., Univ. of N. Dak. 
School of Med., Grand Forks, N. Dak. 

HeLa cells were grown in growth medium for 15 days. Fif- 
teen minutes before virus inoculation, growth medium was dis- 
carded and maintenance medium added. Virus was added 4 hours 
before the cells were harvested. Thirty minutes before the 
cells were harvested, 60 pc of NaH,P-0, were added to each 
culture. Three to 5 cultures withand without the virus were 
pooled, cells counted and virus titrated. Acid soluble P and 
radioactivity were determined on the medium. The cells were 
washed, centrifuged, homogenized and lipides extracted with 
hot ehhanol, ethanol-ether and purified with chloroform. 
Phospholipids were chromatographed on silicic acid impregnated 
glass paper and radioactivity and P determined on each 
fraction. The nucleic acids were extracted from the residue 
by hot perchloric acid and radioactivity and P determined. 
The specific activities of lecithin, phosphatidyl serine, 
phosphatidyl inositol and phosphatidyl ethanolamine were 
greater in the ral infected cells than in the controls. 
The uptake of P~ into cellular fractions has been carried 
out in 3 to 20 million HeLa cells. (Supported by PHS 
Grant E-2749C1.) 
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Immunology 


fe EFFECT OF COg ON TYPE II POLIOVIRUS INFECTION. Margret 

|, Sellers* and John F, Lavender*, Univ. of Calif, School of 
fed. Los Angeles, Calif. 

The infectivity of Type II poliovirus for mice was in- 
creased 10-fold by placing the animals in an atmosphere of 

2. The virus was given by the intravenous route end the 
mimals placed immediately in a mixture of C09 and oxygen; ex- 
psure to 15 - 30 percent COo for 2.5 minutes was effective, 
lower concentrations also increased the infectivity of the 
virus but longer exposure times were required. The CO, effect 
vas transient; infectivity of virus given after exposure to 

the gas was only slightly greater than in controls, A similar 
affect of CO> on the infectivity of vesicular stomatitis virus 
yas demonstrated; infectivity of the virus of herpes simplex 
or of WS influenza was not increased by C09 exposure, It is 
postulated that CO> mediates passage of virus across the 
plood-brain barrier, Also, a possible relationship of these 
findings to such provoking factors of paralytic poliomyelitis 
4g strenuous exercise and peripheral trauma is postulated, 





Immunology 


INTRACELLULAR SITES OF POLIOVIRUS REPRODUCTION. Hilton B. 
levy*. National Institutes of Health, Bethesda, Md. 

The fluorescent antibody technique and high resolution 
autoradiography have been combined in a study of intracellular 
sites of poliovirus multiplication. The use of rabbit anti- 
serum to highly purified virus virtually eliminated non- 
specific staining. Within an hour after infection, there is 
increased nucleolar RNA turnover, as determined through the 
use of tritiated uridine and cytidine. This stimulated turn- 
over continues for 3 1/2 to 4 hours, at which time the uptake 
of these compounds markedly declines. Total protein synthesis 
is greatly reduced by 1 to 1 1/2 hours after infection as 
tevealed by tritiated histidine uptake. However, after 1 1/2 
to 2 hours of infection there appears in the cytoplasm an 
antigen that stains weakly with fluorescent antibody to pure 
virus. At 3 to 3 1/2 hours after infection there are a large 
number of cells showing stain in the non-nucleolar part of 
the nucleus. The nucleoli are dark with bright rings sur- 
rounding them. By 4 to 5 hours there appears an increasing 
number of cells showing bright cytoplasmic stain. This is 
about the time when parallel growth studies reveal the 
presence of new intracellular virus. 


Immunology 


IN VITRO ADSORPTION OF POLIOVIRUS BY NON-CULTURED TISSUES. 
Calvin M. Kunin* and William S, Jordan, Jr. University of 
Virginia School of Medicine, Charlottesville, Virginia. 

Non-cultured minces and homogenates of mouse, monkey and 
human tissues were studied for ability to adsorb poliovirus, 
type 1. Plaque assay in HEp #2 cells was used for quantita- 
tion. Brain, muscle, heart, gut, testis and lung, but not the 
erythrocytes, of rhesus monkeys actively adsorbed virus. Re- 
ceptor activity was destroyed by heating at 56°C, by ether and 
by trypsin, Similar preparations of liver, brain, gut, amnion 
and skin of a human fetus (3 months gestation), of tonsil 
tissues, of adult human carcinoma tissues from rectum, breast 
and stomach, and of HEp cells also possessed heat labile 
poliovirus adsorbing factors. Human term amnion tissue, 
tested as mince, homogenate or trypsinized cells, did not 
adsorb virus; homogenate of term amnion did not block virus 
adsorption by HEp cells. Study of many other human tissues 
was impeded by the presence of heat stabile poliovirus anti- 
body. Analagous mouse tissues were devoid of poliovirus ad- 
sorptive capacity. The distribution of poliovirus adsorptive 
activity in the tissues of various species may be of prime 
importance in explaining poliovirus tropism in vivo, and may 
be related to the origin of receptor substance in tissue 
culture. 
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356 VIRUSES—Interference 

Biochemistry 
THE NATURE OF STATOLON, AN ANTIVIRAL AGENT. G. W. 
Probst* and W. J. Kleinschmidt*. Lilly Research 
Labs., Indianapolis, Ind. 

A fermentation broth of Pen. stoloniferium pro- 
phylactically inhibits a number of viruses both in 
animals and in tissue culture. In addition anti- 
tumor activity is demonstrated against P-1534 leu- 
kemia, Crocker sarcoma 180 ascites, and 
virus-induced Rous sarcoma. The active principle, 
designated as statolon, has been subjected to a 
variety of purification procedures that are appli- 
cable to large molecules. Preparations with in- 
creased specific activity have been obtained, but a 
mixture of macromolecules is still present. Statolon 
is heat labile, non-dialyzable, and sedimentable by 
high speed centrifugations. It is refractory to a 
wide variety of enzymes, but is inactivated by 
periodate oxidation. Nucleic acids and proteins 
have been extracted without loss of activity. 
Examination of the polysaccharide component of 
statolon has revealed the presence of pentoses, 
hexoses, and uronic acids. From the evidence 
accumulated it is concluded that statolon is a 
complex anionic polysaccharide containing uronic 
acids as a major constituent. 


Immunology 


Inhibition by Cortisone of the Synthesis and Action of 
Interferon. K. Marilyn Smart* and Edwin D. Kilbourne, 
Cornell University Medical College. 

Cortisone increases final yields of virus by inhibition 
of interference (Kilbourne, J. Exp. Med., 106, 863, 1957). 
Paradoxically, the rate of viral synthesis is concomitantly 
reduced. Interferon, a substance produced by cells after 
inoculation of interfering virus, has been proposed as the 
mediator of interference. Accordingly, the effect of corti- 
sone upon its action was studied. Chorioallantoic membrane 
cultures were injected first with 0.1 gamma of cortisone/ml., 
then with interferon and finally with challenge influenza 
virus. The 4-8 fold reduction of viral HA observed with 
interferon was not seen in cultures treated with cortisone. 
In other experiments the production of interferon in ovo was 
reduced or entirely prevented by cortisone as determined by 
assay of both allantoic fluid and membrane for interferon. 
If interferon is an abortive product of viral synthesis 
(Issacs), then a common action of cortisone might concomi- 
tantly reduce the synthesis both of complete virus and 
interferon and so induce the increased viral yields defini- 
tively observed. 








Immunology 


SYNTHESIS OF VIRUS SUBUNITS IN MIXEDLY INFECTED 
CELLS*, John L. Riggs*, Erick Lycke* and W. Wilbur 
Ackermann. Dept. of Epidemiology, Univ. of Mich. , Ann Arbor 

HeLa cells inoculated with vaccinia virus were one hour 
later super-inoculated with poliovirus. At 3 or 9 hours some 
were fixed with acetone and stained with the gamma-globulin 
from fluorescein coupled antisera prepared against whole 
vaccinia virus, its LS antigen (Shedlovsky and Smadel, 1942) 
or NP antigen (Smadel, Rivers and Hoagland, 1942). Rhoda- 
mine labeled poliovirus antiserum was used alone and in com- 
binations with the vaccinial sera. Upon examination of the 9 
hour preparation with the ultraviolet microscope, nearly 80 
percent of all cells in replicate cultures contained LS, NP, 
and poliovirus antigens, indicating many cells must contain 
all antigens. Single cells doubly stained showed fixation of 
poliovirus and vaccinial antibodies. The cytoplasm showed 
areas of positive Feulgen staining. However, no infectious 
vaccinia virus was produced at this time or upon further 
incubation. The yield of poliovirus was partially reduced. 
The point of interference is in the utilization of viral subunits 
rather than their synthesis. (Supported by a grant from the 
National Foundation, Inc. ) 
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Immunology 


VIRAL DEVELOPMENT IN MIXEDLY INFECTED CELLS. 
W. Wilbur Ackermann and Erick Lycke*. Dept. of Epidemio- 
logy, Univ. of Mich., Ann Arbor. 

Vaccinial infected HeLa cells can be super-infected with 





poliovirus. 
dent upon the amount of poliovirus added and the stage of 
vaccinial development at the time of super-infection. Addition 
of high concentrations of poliovirus at any time of the eclipse 
phase will inhibit vaccinial production completely. Low con- 
centrations at the fourth hour produce minimal interference, 
and the size of the mixed yields indicates certain cells must 
be producing both viruses. Interference with vaccinial pro- 
duction in the late stages of its eclipse is more difficult, in 
that higher multiplicities of poliovirus are required than in 
earlier stages. A fixed multiplicity of poliovirus added at 
progressively later periods is increasingly less effective in 
accomplishment of its own replication. Since poliovirus can 
inhibit just before the appearance of vaccinial infectivity when 
DNA synthesis is complete and the LS and NP antigens of 
vaccinia virus are present, the point of interference is the 
utilization of the viral subunits. (Supported by a grant from 
The National Foundation, Inc. ) 


Immunology 
INTERFERON EFFECT UN ViRUS PRUDUCTIOUN IN VIRUS-SUSCEPTIBLE AND 
INSUSCEPTIBLE CELLS, S, E, Grossberg* and J, J, Holland, Dept, 
of Bacteriology, Univ, of Minn,, Minneapolis, 

Although cellular resistance to virus-induced destruction 
and inhibition of viral multiplication can be observed in cells 
exposed to interferons, site and mechanism of action of these 
resistance-enhancing substances are incompletely defined, An 
interferon prepared ip gyo, as allantoic fluid from allantoic 
cells infected by influenza virus and freed of living virus by 
centrifugation, serial erythrocyte absorption, and heat, pro- 
tected chicken embryo fibroblasts (CEF) quantitatively against 
challenge by Western equine encephalitis (WE) virus, Such 
cells were likewise protected against viral ribonucleic acid 
(RNA) prepared from WE whether exposed to interferon before or 
after RNA adsorption, Chicken embryo fibroblasts, naturally 
insusceptible to poliovirus because of lack of receptor sub- 
stance, produce poliovirus when exposed to its RNA, This 
single-cycle production was significantly reduced when CEF 
were treated with interferon prior to RNA exposure or even 30 
or 120 minutes afterwards, Degree of protection appeared to 
be directly related to duration of exposure to interferon, It 
appears that interferon acts upon virus replication intracell- 
ularly at a site beyond adsorption, surface reception, or pen- 
etration of virus with no appreciable effect upon virus re- 
lease, 


Immunology 


STUDIES USING SINDBIS VIRUS TO INTERFERE WITH VESICULAR STOMA- 
TITIS VIRUS (VSV) IN CHICK EMBRYO (CE) CELL CULTURES. Monto Hd* 
University of Pittsburgh, Pittsburgh, Pennsylvania. 

Viral inhibitory factor (VIF) and interferon have been 
found in cell cultures inoculated with either the infective or 
inactivated forms of viruses that do not produce complete cell 
destruction (Isaacs et al., Ho and Enders, and others). To 
determine 1) whether VIF is found in harvests from virulent 
cell infections, and 2) the roles of infective and inactivated 
virus forms in VIF production, Sindbis virus infection of CE 
cell culture was chosen. This virus produces complete CPE 
within 24-48 hours in high dilutions and harvests titering 
109-1010 pry per ml. Our studies show that: 1) active. 
Sindbis harvest inhibits the plaque formation of a challenge 
inoculum of VSV even after the harvest has been subjected to 
high speed centrifugation and specific antiserum to reduce 
infectivity; 2) VIF with demonstrable activity in dilutions up 
to 1:16 against VSV is optimally obtained from a CE culture 
inoculated with a mixture of thermally inactivated and infec- 
tive virus, but not when either component of the mixture is 
applied by itself. These results tend to support the theory 
that VIF production may be a general phenomenon of viral 
infections but optimum production is partially determined by 
the priming action of inactivated or other non-infective virus 
particles. (Supported by N.I.H. Grant E-2953.) 


The abilities of the viruses to multiply are depen- 
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Immunology 


THE ROLE OF INTERFERON IN PERSISTENT VIRAL INFECTION OF TISSUE 
CULTURES. Friedrich Deinhardt, Jose Rodriguez* and Werner 
Henle. The Children's Hospital of Pirtadetphta and Dept. Publi, 
Heaith and Prev. Med., Univ. of Penna. 

Upon inoculation of MCN or L cultures with Newcastle dis. 
ease virus up to 30% of the cells become infected within })8 
hrs yielding on the average up to 15 p.f.u. per cell. By the 
lth day an equilibrium is reached and thereafter only 1 in 30- 
200 cells produce virus at extremely slow rates and each in- 
fected cell contains at any time no more than 1 p.f.u. Persis. 
tent infection is reflected in reduced cellular growth rates, 
increased aerobic glycolysis and resistance to superinfection 
with destructive viruses. An interferon, detectable within 2) 
hrs after inoculation, was found to account largely for the 
limited infectious process and resistance. The more virus is 
produced, the more interferon is formed, in turn, to induce 
transitory protection in potential yielder cells. As the pro. 
tection wanes and new cells become available virus and inter. 
feron compete for these, the former winning on occasion to as- 
sure persistence of the infection. The initial sparing of >70% 
of the cells is not based on genetic factors but may possibly 
reflect the physiologic state of given cells. Attempts at syn- 
chronization of cells thus far have feiled. (Supported by 
Grant C-568, Natl. Cancer Inst., U.S. Publ. Health Service). 





357 VIRUSES—Latency 
Immunology 


FERSISTENT INFECTION OF MOUSE CELLS WITH POLYOMA 
VIRUS. Harold E. Pearson. Los Angeles Co. Hosp. and 
Univ. South. Calif. School of Med., Los Angeles. 

Mouse fibroblasts in tissue culture which resist 
lysis after exposure to polyoma virus are known to 
harbor virus for months. (Fed.Proc. 1960, 19, 03; 
Proc.Nat.Acad.Sci. 1960,46,365; Virol. 1960,10, 387). 
This report is concerned with the duration of chron- 
ic infection and with the possibility of neoplastic 
conversion of persisteritly infected cells. In our 
studies a viral clone was used that produced tumors 
in mice and hamsters and lysed most tissue culture 
cells. Virus spontaneously disappeared from cultured 
fibroblasts after approx. 2-l1 mos. in 2 series and 
after 13 mos. in a 3rd series; in one instance it 
persisted during 16-18 mos. Chronically infected 
cells which lost the virus resisted reinfection with 
virus. Cells persistently infected with virus 6-7 
mos. were not converted to tumor cells as judged by 
failure to grow when implanted subcutaneously in 
mice. Neoplastic conyersion of cells did not occur 
in cells which harbored virus for 2 mos. and which 
had fresh, uninfected cells susceptible to lysis 
added once weekly for 2 additional mos. (Aided by 
a grant from the Nat. Insts. of Health.) 





Immunology 


ISOLATION OF A VIRUS FROM A CLONE OF A HUMAN CELL LINE IN 
CONTINUOUS CULTIVATION. Mathilde Krim*, Sam C.Wong*, and 
Edwin D. Kilbourne, Cornell University Medical College. 

A mutant of the Chang conjunctival line is susceptible 
to infection with N-WS and swine influenza viruses (Wong 
and Kilbourne, J. Exp. Med., Jan 1961). From the virus- 
susceptible mutant line, 11 clones were isolated and studied 
for influenza virus susceptibility. During these studies 
hemadsorption was consistently observed with uninoculated 
cells of one clone (clone 1). A hemagglutinating agent which 
passes a 100 m millipore filter has been isolated twice from 
clone 1 cultures by inoculation of human amnion cells, in 
which HA titers of 1:64 are achieved. The virus agglutinates 
chick, human and sheep RBC with destruction of receptors. 
It does not produce HA in the chick embryo so is probably 
not NDV or influenza virus. Preliminary HI tests indicate 
that the virus is not mumps nor parainfluenza 1, 2 or 3. It 
may be a previously unrecognized virus. 
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Immunology 


IMMUNE MECHANISMS IN THE PATHOGENESIS OF LYMPHOCYTIC 
(HORICMENINGITIS IN MICE. J. Hotchin*, J. Seamer*, 
], Barlow*, L. Benson*, and A. Gledhill.* Div. of Labs. 
amd Research, N.Y. State Dept. of Health, Albany. 
Lymphocytic choriomeningitis (LCM) virus can cause a 
long-term state of persistent tolerant infection (PTI) of 
immunologically tolerant mice which have high virus titers 
but no signs of disease. This state is controlled by the 
genetic constitution of the virus strain used. In adult 
nice two forms of immunity exist, designated "active" and 
"tolerant." New concepts of the pathogenesis of this disease 
have arisen from studies of both the subcutaneous and 
intracerebral inoculation of mice, and the interaction of 
the virus with Eperythrozoon coccoides, Friend virus and 
mouse hepatitis virus, and several anti-leukemic and 
alkylating drugs. Results indicate that two mechanisms are 
involved in the pathogenesis of murine LCM: (1) a lympho- 
cytic cell response believed to be mainly responsible for 
the signs of disease and probably similar to delayed hyper- 
sensitivity; (2) a sensitive non-specific mechanism of 
resistance similar-to that elicited by bacterial endotoxin. 
The experiments with the above agents appear to indicate that 
the latter system exhibits a type of sensitivity gradient 
with respect to the various agents which activate it. 


Immunology 


STUDIES ON CELL-VIRUS INTERACTION IN DENGUE-CARRIER KB 
CULTURES. M. Me Siget, A. R. BEASLEY*, F. M. WELLINGS*, 
We LICHTER® AND Jo A. WitLIAMS*. DEPT. oF MICROBIOLOGY, 








UiVe OF Miami SCHOOL oF MmpiciNe, CoraL GABLES, FLA. 

A CARRIER STATE CAN READILY BE ESTABLISHED IN KB CULTURES 
Y INFECTION WITH DENGUE VIRUS. SUCH CULTURES DISPLAY THE 
FOLLOWING PROPERTIES AND RELATIONSHIPS: (1) A REDUCED RATE 
OF GROWTH; (2) AN INABILITY TO BE CURED BY IMMUNE SERUM$ 

(3) A GREATER RESISTANCE TO POLIOVIRUS THAN THAT FOLLOWING 
PRIMARY INFECTION WITH DEMcuE; (4) SUPERNATES OF CARRIER 
CULTURES EFFECT A RAPID INGREASE IN RESISTANCE OF NORMAL 
WULTURES TO POLIOVIRUS (THE MATURE OF THE ACTIVE MATERIAL 

I$ TO BE DETERMINED):, AND (5) THE BIOLOGIC PROPERTIES OF 
THE VIRUS APPEAR TO BE ALTERED. IN THE COURSE OF THIS WORK 
IT WAS OBSERVED THAT GROSS CYTOPATHOGENIC CHANGES OCCURRED 
FOLLOWING THE PLATING OF MIXTURES OF CARRIER CELLS PLUS 
WORMAL KB CELLS» THIS WAS NOT THE CASE WHEN MIXTURES OF 

B CELLS AND FREE DENGUE VIRUS WERE PLATED. SuPPORTED BY 

A GRANT FROM THE NATIONAL INSTITUTES OF HEALTHe 


$58 VIRUSES—Neurotropic Viruses 
Pathology 


STUDIES OF THE PATHOGENESIS OF EST NILE VIRJS INFECTION IN 
MICE, Chester M. Southam, William Newman and Giacomo Messore 
Sloan-Kettering Institute for Cancer Research, New York, N.Y. 
Adult mice were inoculated by i.c., iom., or i.p. routes 
with lethal doses of West Nile virus. At frequent intervals 
thereafter groups of mice were sacrificed for study of histo- 
pathology, virus infectivity titers, infective RNA, and 
fluorescein-labelled antibody reactions. Regardless of 
route of inoculation, pathologic lesions were limited to the 
central nervous system, which showed leptomeningitis, peri- 
vascular cuffing, and occasional areas of demyelinization and 
neuronophagia. No inclusion bodies were seen and there was 
little or no glial response. Infective virus was occasional- 
ly demonstrable in low titer in muscle and viscera. Virus ti- 
ters in brain progressively increased to as much as 107 
(Iso using 0.03 ml. i.c. in adult pice) before onset of 
paralysis, and was consistently 10~' or greater in paralyzed 
Mice. Cold phenol extraction of an RNAse=sensitive infective 
material was successful only when infectivity titers were 
high. Fluorescein-labelled antibody studies were consistent- 
ly positive in mice with severe paralysis, and indicated that 
virus was predominantly in qioplias of pyramidal cells of 
cerebrum and Purkinje cells of cerebellum. Occasional areas 
Eepestive of intranuclear virus were seen. Brains titering 
y. or iss and other tissues, had little or no detectable 
rus antigeh. 
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Immunology 


SILVERWATEX VIRUS: CHARACTERIZATLON UF VIRUS ISOLATED FROM 
TICKS COLLECTED IN EASTERN CANADA. Donald M. LicLean, Hosp. 
for Sick Children, Toronto, Canada. 

Suspensions of 49 pools of Haemaphysalis le 
(HLP) ticks collected from 82 snowshoe hares in Manitoulin 
Island during summer 1960 were inoculated into newborn mice. 
A new agent, Silverwater virus, was isolated from a tick pool. 
The agent was desoxycholate-sensitive, was not pathogenic for 
weaned mice, and was not neutralized by antisera to several 
North American Arbor viruses, including Powassan virus. 
Neutralizing antibody to Silverwater virus was detected in 
snowshoe hare sera. No cases of human illness have been 
attributed to this virus. 


immunology 


CHARACTERISTICS OF TWO PLAQUE TYPES OF ENCEPHALOMYOCARDITIS 
(EMC) VIRUS. K. K. Takemoto* and H. Liebhaber.* National 
Institutes of Health, Bethesda, Md. 

EMC virus grown in Earle's strain L cells was found to 
consist of two morphologically distinct plaque types. 
Ninety-nine percent of the plaques were highly irregular in 
shape and minute, measur about 1 mm at 4 days. About 1% 
of the plaques were large (8-10 mm at 4+ days) with sharply 
defined boundaries. Plaque purified virus of both types were 
found to be serologically identical. The marked difference 
in plaque size could not be attributed to growth rates, 
thermal inactivation, or virus yields per cell under ordinary 
conditions. The factor(s) responsible for plaque inhibition 
has been found in the agar used in the agar-overlay medium. 
Besides plaque type the viruses have been found to differ in 
their hemagglutinating properties, the large plaque mutant 
having a significantly higher HA/pfu ratio. Evidence will 
be presented showing that the large plaque mutants arise 
only during in vitro growth in cell cultures. 


Immunology 


INFECTIVITY OF WEST NILE AND OTHER VIRUSES FOR RATS. Virginia 
I. Babcock*, Dennis B. Doris, Jr.* and Chester M. Southam, 
Sloan-Kettering Institute for Cancer Research, New York, N.Y. 

The rat is generally considered to be resistant to infec- 
tion by the arthropod-borne (arbor) viruses and many other 
viruses. The present study, however, demonstrates that new- 
born rats are lethally infected by West Nile virus adminis- 
tered intracerebrally or systemically and that this suscep- 
tibility persists to about the 3rd week of life. Weanling 
rats are susceptible to infection but sometimes recover. , 
Guaroa, Germiston, and Oriboca viruses are also lethal for 
newborn rats. Studies with older rats and with other viruses 
are still in process. Data on virus infectivity titers, 
serum antibodies, and fluorescein-labelled antibody studies 
will be presented. 
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359 VIRUSES—Nonspecific Factors 


Immunology 


INaCTIVATIUN OF GRUUP B BUT NUT GRUUP A ARTHRUPWD=BURNE ANIMAL 
VIRUSES BY SWIUM DEUXYCHULATE IN PLASMA, J, L, Hardy* and 
WF . U, Minn,, Minneapolis, Minn, 

Inactivation of viral infectivity by sodium deoxycholate 
(SDC) can be used as a preliminary test to distinguish viruses 
of the arthropod-borne, myxo- and herpes simplex groups from 
entero-, adeno- end pox viruses, (Ordinarily for arthropod- 
borne viruses, use of a protein-free diluent or 0,75% bovine 
albunin solution is considered essential because serum and 
7,5% albumin inhibit viral inactivation by SDC, In testing for 
neutralizing antibodies to Japanese encephalitis (JE) and 
Western encephalitis (WE) viruses in avian plasmas, it became 
necessary to learn whether plasma inadvertently contaminated 
with bile during cardiac puncture, would inactivate virus and 
produce false positive tests, Contrary to expectations, JE 
virus was inactivated by bile or SDC in undiluted chicken 
plasma; WE virus, on the other hand, was not inactivated, Fur- 
ther studies showed that five other group B viruses were inac- 
tivated by SDC in chicken plasma and that three other group A 
viruses were not inactivated, The phenomenon is not peculiar 
to chicken plasma containing heparin because it also occurred 
with JE and WE viruses in serum from chickens, humans, horses 
and swine, Thus inactivation of virus by SDC or bile in plas- 
ma may be useful for differentiating group A and B arthropod- 
borne viruses, 


Immunology 


EFFECT OF RABBIT TESTICULAR EXTRACT (TE) ON 
VACCINIA INFECTION IN BABY MICE AND IN CORTISONE- 
TREATED ADULT MICE. M. L. Duran-Reynals*, Institute 
of Microbiology, Rutgers, the State University, New 
Brunswick, N. J. 

Baby mice died with typical lesions following inoculation 
with vaccinia virus into the fat pad (brown fat between the 





scapulae). The mice became resistant to the virus with in- 
creasing age. TE enhanced the lethal effect of the virus for 
baby mice. With increasing age the mice also became resis- 


tant to this enhancing effect. In cortisone-treated adult mice 
the virus induced large skin lesions but only when TE was 
present in the inoculum. Preliminary results indicated simi- 
lar effects with testicular hyaluronidase. Newborn mice 
showed vascular changes in the lungs and kidneys, necrotic 
lesions in the heart and generalized pox lesions in the skin. 
The older mice showed only pulmonary necrosis and skin 
lesions, at the site of inoculation, that were more severe 
than in younger mice. Surviving mice showed chronic lung 
lesions weeks after inoculation. 


360 VIRUSES—Nucleic Acids 
Biochemistry 


KINETICS OF ADENINE-C!4 INCORPORATION INTO NORMAL AND 
POLIOVIRUS INFECTED HELA-S3 CELLS. Udai N. Singh”, Ra 
Koppelman", and E. A. Evans, Jr. Univ. of Chicago, a 
chem., Chicago, Ill. 

Two metabolically distinct fractions of RNA have been obtained from 
HeLa-$3 cells according to the method of Zbarsky and Georgiev. The 
RNA (C fraction) released in the aqueous phase when a cell suspension 
in 0.14 M NaCl is extracted with water-saturated phenol (pH 6.0) has 
been shown to be predominantly cytoplasmic in origin with a small a- 
mount of some nuclear RNA fraction, whereas the RNA obtained from 
the intermediate layer is derived from nuclei (N fraction). A signifi- 
cant decrease in the incorporation of adenine-8-C'* into the C fraction 
of the infected cells as compared to that of the normal cells was ob- 
served. No such decrease of adenine-8-C!4 incorporation into the N 
fraction was noted. In another series of experiments the cells were 
labeled with adenine-8-C!4 and later non-isotopic adenine was added. 
The behavior of the two RNA fractions suggested the existence of dis- 
tinct nuclear and cytoplasmic RNA precursor pools. A hypothesis as 
regards the dynamic aspects of these pools and the interrelationship be- 
tween the two RNA fractions will be presented. (Supported by a grant 
from the National Foundation.) 
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Biochemistry 


SOURCE OF THE INFECTIOUS RNA OBTAINED FROM TISSUES INFECTED 
WITH EASTERN EQUINE ENCEPHALITIS VIRUS, Alan Richter* and 
Richard S, Clark.* U. S, Army Chemical Corps Biological 
Laboratories, Fort Detrick, Maryland. 

Infectious RNA may be obtained from tissues infected with 
Eastern equine encephalitis virus by means of cold phenol, 
Purified virus does not yield infectious RNA upon treatment 
with cold phenol, presumably because of the lipid content of 
this virus. Wecker suggested that the infectious RNA was 
being released,from a virus precursor (Virology 7:21, 1959), 
Cell fractiona*ion procedures were used to help locate the 
source of the RNA. One set of brains from infected but living 
chick embryos was blended with cold phenol as a control for 
the total amount of infectious RNA that could be released, 4A 
duplicate set was homogenized with 0.25 M sucrose - 1mM CaCl 
in a Potter-Elvehjem homogenizer, An aliquot of the homogen. 
ate was then blended with cold phenol, 15-25% of the control 
amount was recovered in the Potter-Elvehjem homogenate as 
measured by determining the number of plaque-forming-units, 
When the homogenate was centrifuged for 10 minutes at 16,000 
g to deposit muclei and mitochondria, all of the infectious 
RNA was found in the supernatant fluid, These results demon- 
strate that a significant portion of the extractable infec- 
tious RNA can be found in that fraction of the cytoplasm 
which is rich in ribosomes, 





Pathology 
CYTOCHEMICAL EFFECTS OF FLUORINATED PYRIMIDINES ON 
REPLICATION OF PSITTACOSIS VIRUS IN TISSUE CULTURE. Morris 


Pollard, Yoh Tanami*, and T. J. Starr.* Univ. of Texas - Med, 
Branch, Galveston. 

Replication of psittacosis virus involves a sequence of 
RNA and DNA synthesis in the course of maturation, as observ- 
ed by fluorochrome microscopy with acridine orange stain 
(Texas Rep. Biol. & Med. 18:501, 1960). Coxiella burneti and 
vaccinia virus does not induce such an observable nucleic acid 
sequence coincident with replication. 5-Fluorouracil (FU), 
added to nutrient medium of infected cells, induces formation 
of masses of abnormal ("fraudulent"), non-infectious RNA in 
cytoplasm. 5-Fluoro 2‘ deoxyuridine (FUDR) induces accumula- 


tions of homogeneous DNA-staining material which did not reach}. 


morphological or biological maturity. FU and FUDR induce ab- 
normal nucleic acid-staining inclusions in psittacosis-infect- 
ed McCoy synovial, HeLa, and "L" cells. The cytochemical and 
virucidal effects of FU are reversed by uracil; and the effect 
of FUDR are reversed by uracil and by thymidine. FU and FUDR 
interfere with viral biosynthesis at different stages of the 
replication process. Replicating psittacosis virus repre- 
sents a unique directed chemical reaction in which RNA and 
DNA metabolism can be studied cytochemically. (Supported by 
a grant from USPHS). 


Immunology 


STIMULATION OF DNA SYNTHESIS DURING EQUINE ABORTION VIRUS 
INFECTION IN VIVO. S. A. Gentry* and C, C. Randall. Univ. 
of Mississippi School of Medicine, Jackson, Mississippi. 

During infection of hamsters with equine abortion virus, 
Feulgen-positive inclusions appear in a large proportion of 
liver parenchymal cell nuclei. This finding suggested that 
DNA was being synthesized during the infection. In the 
present study, incorporation of tritiated thymidine into DNA 
during a one-hour pulse in vivo was measured by autoradiog- 
raphy and liquid scintillation counting of liver nuclei 
isolated from normal and infected animals. That the label- 
ling represented actual incorporation of the precursor into 
DNA was demonstrated biochemically. 

It was found (1) that in the infected animals a much 
larger than normal percentage of liver nuclei was labelled, 
and (2) that the amount of label present in the labelled 
nuclei was lower in those from infected animals. These 
findings, coupled with the observation that the chromatin is 
severely distorted by clumping in the nuclei from infected 
animals, suggest that DNA synthesis under these conditions 
is different from that observed in normal animals. 
(Supported by grants E-2032 and 2E-69 from N.I.H.) 
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1 VIRUSES—Pox Viruses 
Pathology 


ECT OF HEAVY WATER ON MOUSE ECTROMELIA INFECTION. S. W. 
nch,* A. M. Hughes* and B. V. Siegel. Univ. of Calif. 
dical Center, San Francisco, Calif. and Lawrence Radiation 
pratory, Berkeley, Calif. 
The effect of deuteration on mouse ectromelia infection was 
died by comparing the cumulative survival time and the 
opathology of two groups of ectromelia virus-infected 
ge. One group was given drinking water containing 30% Dp 
ile the other received ordinary water. Fifty 3 day-old 
le Swiss mice were inoculated intraperitoneally with 
] ml of a suspension containing 100 LDcog. Animals dying 
thin the ensuing 13 days were autopsied and histopathologic 
dies done excluding animals dying overnight. A differen- 
count of 1000 liver cells was carried out in order to 
titate the degree of liver cell necrosis. A prolongation 
the cumulative survival time, and a slight delay in the on- 
of necrosis in the liver, spleen and lymph nodes was found 
the deuterated mice. The liver cell necrosis was signifi- 
tly less marked in the deuterated group. These findings 
ht be explained by a prolongation of the latent period 
d/or by a reduction in the rate of viral multiplication, 
jthough an increase in host liver cell life span or regen- 
ion rate could also play a role. 


Pathology 


WECTRON MICROSCOPE STUDY OF ECTROMELIA INFECTED MOUSE LIVER. 
i H Department of Biology, Brown University, 
trovidence, R. I. 

The course of mouse pox development was followed in the 
livers of naturally infected mice. The viroplasm in which 
the virus particles evolve develops in the cytoplasm of both 
epatic cells and sinusoid lining cells, but concurrent 
imormalities are found in the nucleus. Changes associated 
with the presence of the virus include the formation of 
wrallel, precisely oriented lainellae of unknown composition 
id of myelin figures around lipid droplets entrapped in the 
wroplasm. Other changes in liver ultrastructure include 
loss of glycogen, accumulation of lipids, swelling of 
utochondria, vesiculation of the ergastoplasmic cisternae 
md, occasionally, accumulation of intracisternal lipid 
troplets, all general changes which occur under a variety 
if histopathological conditions. All stages of the evolution 
ff the virus particles have been found in the liver. 


fs VIRUSES—Respiratory Viruses 


Pharmacology 


ISOLATED OUTBREAK OF ASIAY 1iFLUENZA IN A LARGE CLOSED PCP= 
MATION. Je We Frarkel*, C. We Coleman® and i. P. Boger. 
apt. Res. Therapeutics, Norristown State Hosp., Norristown, 
fa, 





A sharply localized and explosive epidemic of upper-resp- 
ratory illness occurred during late Jan. and Feb., 1960 
hongst 64 of 259 patients in a single building of an instit- 
tion with a total population of 4600 patients noused in 25 
ridely separated buildings. The unexpected occurrence of 
Mspiratory illness in 12 individuals within a 4 hour period 
im Feb. 5 indicated that a highly contagious disease was pre- 
tent. The etiologic azent was identified as Asian influenza 
by serolozic studies ard virus isolations. Rises in hem 
teslutination-ivhibition (32-1074-fold), complemert-fixing 
Mé=128-fold) and neutralizing (20-80<fold) antibody titers 
fcourred in 7 of 9 patients. No antibodies covld be detected 
in acute samples from these 7 patients. These patients had 
ot bean vaccinated. However, antibodies were detected in 
heute samoles from the other 2 patients who had been vaccin- 
tied in past years. These latter patiants did not show rises 
in titers though Asian /nfluenza virus was isolated fror 1 of 
‘here This isolate ard othars appeared to be antigenically 
hinilar to or idantical with the a/Jap 305/57 strain. The 
ndings sutsest that the virulence of the disease ‘overrode” 
fie irr unity of vaccinated patients. 
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Immunology 


MULTIPLICATION OF INFLUENZA VIRUS IN LUNGS OF PARTIALLY IMMUN- 
IZED MICE. Re Pollikoff*, J. Kosowsky* and 0. Liu, SK&F Labor- 
atories, Phila., Pa. 

This report concerns the growth pattern of. influenza (PR8) 
virus in lungs of partially immnized mice. Two types of exe 
periments were done: First, mice were challenged with graded 
doses of virus, and the lungs harvested from these animals at 
24 hours after infection were assayed for HA, EIDg, and ID 
titers. Immunized groups showed considerable amotints of 8 
by all three technics, but there was no significant difference 
in quantity in the lung after challenge with varying doses of 
virus. The amounts of virus present in all groups were equiv- 
alent to those in the mouse lungs receiving the lowest chale 
lenge. In contrast, HA, EID-, and LD,, titers of lungs in 
normal non-immunized controls demonst ted a gradation of re- 
sponse corresponding to the amounts of challenge virus. Second, 
a minimal challenge dose of virus was used to infect both vac- 
cinated and control groups, and virus growth was followed for 
ten dayse In immunized mice, virus titers reached the peak at 
72 hours after infection and receded rapidly within 72 hours. 
However, in control mice, virus titer reached the peak at the 
same time, but decreased gradually over the next seven days, 
relatively high titers of virus being still detectable on the 
ninth day. These results indicate that adsorption, infection 
and spread of challenge virus in lungs was not prevented by 
immnity of the host but only restricted to a low level. 





363 VIRUSES—Respiratory Viruses—Adenoviruses 
Immunology 
EFFECT OF 5-FLUORODEOXYURIDINE ON SYNTHESIS OF TYPE 4 


ADENOVIRUS. John F. Flanagan* and Harold S. Ginsberg. Dept. 
Microbiol., Univ. Penna. School of «, Phila., Pa. 

The relationship of synthesis of “saline-soluble DNA" to adenovirus 
multiplication was investigated utilizing 5-fluorodeoxyuridine (5-FUDR), 
an inhibitor of thymine synthesis. DNA synthesis and viral pr tion 
were completely stopped by 5-FUDR at a concentration of 10™° M. The 
effect was reversed by equimolar thymidine. Kinetic studies showed 
that 5-FUDR added up to 10 hours after viral inoculation completely 
prevented propagation of infectious virus. Thereafter, a rapid reduc- 
tion in the effectiveness of 5-FUDR was noted. No effect of the ana~ 
logue on viral replication could be demonstrated later than 18 hours 
after infection although in the absence of 5-FUDR maximum virus was 
not produced until 26 hours after viral inoculation. Synthesis of saline~ 
soluble DNA could first be measured 11 hours after viral infection; the 
eclipse period for type 4 virus was 14 hours. Reduction of synthesis of 
saline-soluble DNA by 5-FUDR paralleled the inhibition of viral multi- 
plication. Complement-fixing antigen and toxin were similarly inhib- 
ited by 5-FUDR. The data obtained suggested that the saline soluble 
DNA which accumulated in infected cells was a precursor of the viral 
DNA. 


Immunology 


EFFECT OF p-FLUOROPHENYLALANINE ON ADENOVIRUS SYN- 
THESIS. Wesley C. Wilcox and Harold S. Ginsberg. Dept. Microbiol. 
Univ. Penna. School of Med., Phila., Pa. 

The amino acid analog p-fluorophenylalanine (PFPA) which replaces 
phenylalanine during protein synthesis has been employed to study syn- 
thesis of type 5 adenovirus in Hela cells. PFPA efficiently blocks pro- 
duction of adenovirus, an inhibition, however, which can be overcome 
by addition of equimolar quantities of phenylalanine. By interrupting 
the virus-synthetic sequence at various stages following infection with 
addition of PFPA, a study of the viral eclipse period has been made 
possible. The PFPA sensitive processes directly concerned with syn- 
thesis of viral protein can be inhibited in the last 2-3 hours of the virus- 
eclipse period. Sequential inhibition studies reveal that accumulation 
of PFPA inhibitable viral protein follows shortly after synthesis of viral 
specific DNA. Appearance of viral protein and DNA precedes newly 
synthesized virus by 2 to 3 hours, an interval which encompasses less 
than 20% of the total eclipse period. Inhibition of synthesis of soluble 
complement-fixing antigens, toxin and infectious virus parallel one 
another closely, an observation compatible with the hypothesis that 
these antigens represent viral precursor materials. 
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364 VIRUSES—Respiratory Viruses—Myxoviruses 
Immunology 


HOMOLOGOUS INTERFERENCE IN PLACUd FORMATION WITH A MYXOVIRUS. 
G. D. Hsiung. Yale Univ. School of Med., New Haven, Conn. 

During studies on a newly isolated myxovirus (DA virus), 
it was noted that no plaques appeared in cultures inoculated 
with undiluted virus-infected tissue culture fluid, whereas 
numerous distinct plaques developed in cultures inoculated 
with higher dilutions of the same virus suspension. This was 
reminiscent of the phenomenon originally described by von 
Magnus for the PR& strain of influenza virus in embryonated 
eggs. Differential growth curves indicated that new infec- 
tious virus appeared by plaque titrations at 6-8 hours after 
inoculation at which time no hemagglutinin could be detected, 
These early harvests gave no prozone. Hemagglutinin was de- 
tectable at 24-48 hours, and at this time undiluted culture 
fluid inhibited plaque formation. When such undiluted fluid 
was centrifuged at 30,000 rpm for 3 hours, the resuspended 
sediments inhibited plaque production of the homologous virus 
but not heterologous viruses. The supernatant fluid, in 
which no infectivity could be detected, had no interfering 
effect. The interfering property of the resuspended sediment 
could be destroyed by heat or by freezing and thawing, and 
the plaque forming activities were also inactivated by these 
treatments. 


Immunology 


FLUORESCENT ANTIBODY STUDIES ON PARAINFLUEN7A VIRUSES. 
Liu, Il Sun Chu, Zleanor Sharp::, and Anne Detert™. 
Kansas School of Med., kansas Eity, Kansas. 

The characteristics of Parainfluenza (PI) virus infec- 
tions were studied both in tissue cultures and in animals. 
Hyperimnune monkey sera against PI-I, II, III and Sendai 
viruses were conjugated with fluorescein isothiocyanate. 
Monkey kidney cells grown on coverslips were infected with 
above viruses. At intervals, coverslips were stained with 
homologous and heterologous conjugates, Viral antigens of 
PI-II, III and Sendai were detectable in infected cells as 
homogeneous fluorescence throughout the cytoplasm. In PI-I, 
viral antigens appeared as oval or irregular shaped fluores- 
cent masses in the cytoplasm. Hamsters were inoculated with 
PI-III virus intranasally. Although no clinical signs of in- 
fection developed, viral antigens were detectable in the 
epithelium lining the nasal turbinates, the trachea and the 
bronchi. Fluorescent macrophages were also seen in the pul- 
monary tissues. Infectious virus reached as high as l-5 logs 
of TCDsg doses in the lungs. There were no cross fluorescent 
staining reactions detected among the PI-I, II and III viruses 
except some cross staining was found between Sendai and PI-I. 
The latter two viruses have been shown to be antigenically 
related. (Cook, M. K. et al. Am. J. Hyg. 69: 250, 1959). 
(Supported by a grant from NIH E-316). 
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Immunology 


STRAINS RELATIONSHIPS AMONG PARAINFLUENZA VIRUSES. 
Keith E. Jensen. Chas. Pfizer & Co., Inc., 
Terre Haute, Indiana. 

Antigenic relationships among strains of Types 1 
and 3 parainfluenza viruses have been examined 
with convalescent ferret sera. Human Type 3 
strains are practically identical to bovine 
strains of this type while human Type 1 virus is 
clearly distinct from Type 3 strains and the Sendai 
virus. In sharp contrast, human responses to vac- 
cines made with these viruses reflect shared anti- 
gens. This condition is analogous to that long 
recognized among viruses of Type A or B influenza. 
The pattern of antibody in sera from human popula- 
tions of varying age ranges makes it evident that 
the highest degree of susceptibility to infection 
with these agents occurs at 3 to 6 months. 
Sequential infection most probably accounts for 
development of the high antibody levels observed 
during the course of early childhood respiratory 
disease. 
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Immunology 













ORAL INFECTION OF SWINE WITH THE ENCEPHALOMYOCARDITIS (EMC) 
VIRUS. E, Crai d*, P.H. Peralta*, and T Murnane*, 
Middle America Research Unit, C.Z., Vet. Diagn. & Research 
Lab., Panama, and Peter Bent Brigham Hospital, Boston, Mass, 


Recently we described (Science 131:498,1960) an outbreak 
of a fatal disease of swine caused by the EMC virus. The oute 
standing lesion In pigs dying during this outbreak was acute 
myocarditis. Since epidemiological observations suggested 
that natural infection resulted from Ingestion of contaminated 
food, experiments were undertaken to reproduce the disease by 
feeding virus to young pigs. Viremla and virus excretion 
from the gastrointestinal tract were found to occur following 
the administration of brain from EMC Inoculated mice. Infecte 
ed pigs developed high titers of HI and neutralizing antibody 
during convalescence and had myocardial fibrosis at autopsy, 
Myocarditis was demonstrated In one pig dying suddenly on the 
—- gay of the study. The heart of this animal contained 
> 10°*? LDso virus per gn, Quantitative aspects of the In- 
fection are discussed and data are presented suggesting that 
virus excretion In feces may serve as a means of transmission, 


Immunology 


EVALUATION OF SEROLOGIC TESTS FOR THE DETECTION OF MEASLES 
VIRUS ANTIBODIES. H. M. Meyer, Jr.*, B. E. Brooks* and R. D. 
Douglas* ,Div.Biol.Stds.,Natl. Insts. of Health, Bethesda, Md, 

Widespread interest in measles immunization emphasizes the 
need for reliable procedures to detect and titrate measles an- 
tibodies. Virus neutralization and complement fixation (CF) 
tests yield generally comparable antibody titers although oc- 
casional sera devoid of demonstrable CF antibody are capable 
of neutralizing the virus. Neytralization tests employing 100 
TCIDsg of virus based on 12-14 day observation afforded maxi- 
mum sensitivity while maintaining reproducibility. Earlier 
termination required a larger virus inoculum with resultant 
depression in serum titer. Neutralization was largely com- 
plete in serum-virus mixtures by 1/2 to 1 hr at either 4° or 
25°C and extension of the incubation time to 4 hours or more 
was not practical because of thermal instability of the virus. 
The CF test was the procedure of choice in preliminary screen- 
ing of sera since results were much more rapidly and easily 
obtained. Use of 4 or 8 rather than 2 units of CF antigen did 
not enhance sensitivity. Antigens prepared from various cell 
culture types gave similar results when equivalent amounts of 
antigen were employed. Potent CF antigens were readily pre- 
pared with several passage levels of the unmodified Edmonston 
strain but not with the chick embryo adapted virus used for 
attenuated vaccine production. 





366 VIRUSES—Viscerotropic Viruses—Hepatitis 
Immunology 


ANTIBODY IN HEPATITIS PATIENTS AGAINST A NEWLY ISOLATED VIRUS. 
J. P. O'Malley* and H. M. Meyer, Jr.* Div. Biol. Stds. Natl. 








Insts. of Health, Bethesda, Md. 
A transmissible cytopathogenic agent has been recovered in 
rabbit kidney cell cultures inoculated with the NIH-6 ictero- 
genic human plasma pool. The agent propagates readily in 
several types of primary and continuous cell cultures produc- 
ing cytopathic changes, but thus far has failed to cause 
disease or gross lesions in suckling mice, suckling hamsters, 
mice,guinea pigs,rabbits,embryonated eggs and Rhesus monkeys. 
Inactivation of approximately 10° TCID 0 of the agent at 37°C 
requires four weeks in citrated human rt » Bate » although it is 
accomplished in 24 hours in medium 199. No giant cells or in- 
clusion bodies were observed in stained cell cultures showing 
cytonecrosis. Antisera for a number of known viruses as well 
as normal animal sera were devoid of antibody for the agent as 
determined by a plaque reduction neutralization test. Serial 
sera from 28 of 29 volunteers, inoculated with icterogenic 
plasma several years ago, showed a four-fold or greater neutral 
-izing antibody increase;26 of these persons developed clinical 
hepatitis. 7 of 10 volunteers receiving infectious hepatitis 
inocula developed a comparable rise in antibody. 66% of sera 
were positive from 85 persons convalescent from a 1959 infec- 
tious hepatitis outbreak,whereas specimens from 400 consécutive 
normal blood donors were negative for neutralizing antibody. 
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munology Nutrition 
- (EMC) WBOFLAVIN METABOLISM IN EXPERIMENTAL BURNS. Carl J. Koehn 
ane*, ,S. Army Surgical Research Unit, Brooke Army Medical Center, 


earch fort Sam Houston, Texas. 
» Mass, It has been shown that animals deficient in riboflavin ex- 
hibit retardation of wound healing.During the catabolic phase 
tbreak if recovery from burns, a negative RF balance parallels the 
The oute fegative nitrogen balance and it is postulated that an excess 
S acute [estruction of flavoproteins occurs.Clinical experience indi- 
ested ates that the ingestion of large amounts of vitamins,protein 
taminated Ind calories may minimize nitrogen loss during the catabolic 
sease by hase.Since RF is part of the prosthetic group of the enzymes 
tion involved in the metabolism of proteins, RF metabolism in burn 
D1 lowing finjury may be expected to be altered.To test this hypothesis, 
Infect. Jnts were fed a ration which produced half-saturation of liver 
antibody jif content. The rats were then subjected to a procedure which 
Itopsy, jyroduced a third-degree burn of 20 per cent of the body sur- 
y on the Hface and which has been shown to cause a marked negative ni- 
tained trogen balance.The rats were sacrificed at 3,6,9, and 15-day 


e In= stburn intervals and the livers analyzed for RF, flavin mono- 


ig that fucleotide and flavin-adenine dinucleotide.In no instance were 
mission, fihere any differences in the quantities of RF or RF nucleo- 
tides in the livers of burned or unburned control rats or in 
the relative proportions of RF, FMN, and FAD.This indicates 
that the net quantities or proportions of the flavonucleotides 
a livers of rats are not altered as a result of burn in- 
jury » 


1unology Nutrition 
\S LES MMINO ACID EXCRETION OF VITAMIN FE DEFICIENT RATS. Lewis A. 
id R. D. Jiarness, William J. Mellman,* Robert J. Smith,# Robert E. 
ida, Md. [locho,* and Thomas A. Tedesco.* Hosp. of the Univ. of Pa. 
es the find Med. Sch., Univ. of Pa., Phila., Pa. 

isles an- Rats were maintained on a torula yeast liver-necrosis 

m (CF) producing diet which was vitamin E deficient. Daily urinary 
ugh oc- fanino acid excretion was measured. When the diet contained 
apable [18% yeast, amino acid excretion was variable. When the diet 
ying 100 Jcontained 40% yeast, results were more consistent. Vitamin 
d maxi- Jideficient rats tended to excrete more ethanolamine, and 








lier less glycine and serine than rats whose diet was supplemen- 
ltant ted with vitamin E. This effect was more marked in younger 
com- than in older rats. Total amino acid excretion increased 


4° or vith age and weight in all rats. The vitamin E supplemented 
r more |Jrats fed 18% yeast had a higher total amino acid excretion 

e virus. Jthan the unsupplemented; the vitamin E supplemented group 
screen- fihen fed 0% yeast had a similar or somewhat higher amino 
asily nitrogen excretion than the deficient group. All the un- 
igen did | supplemented animals died with liver necrosis. The supple- 
us cell Jnented zroup grew poorly but otherwise seemed well. (Suppor- 
unts of ted in part by Grant No. A-2231, Natl. Inst. of Arthritis 

y pre- fand Metab. Dis., USPHS.) 
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unology Nutrition 

Fame yee DIETARY VITAMIN LEVELS AND THE RESPONSE OF BLOOD CITRIC ACID 
° QNCENTRATION TO STRESSORS. C.H. Hill. Dept. of Poultry 

ot th kience, North Carolina State College, Raleigh, N. C. 

neenen cit The citric acid concentration of tissues has been found to 

m increase in response to such stressors es salmonella 

elena infections (Berry et al., 1954; Gilfillan et al., 1956), 

‘ tarvation, cold and heat (Hill et al., 1960). This 

eters, phenomenon is evidently under hormonal control since 

akeys, idministration of ACTH results in an increase in the blood 

at 37°C wncentration of this metabolite (Hill et al., 1960). Since 

m increase in tissue levei of citric acid results in chicks 


= pe ind mice becoming more susceptible to certain infections, 
howing lietary modifications of this response to stressors is of 
wank importance. Chicks were fed a corn-soybean meal basal diet 
gent as supplemented to contain either an adequate level of all the 
satel known vitamins required for growth, or a ten-fold excess of 
wr these vitamins plus 0.1% ascorbic acid. At five weeks of age 
neutral the chicks were subjected to starvation, cold, and heat 
:Linical ttressors, as well as being injected with ACTH. The high 
titis level of vitamin supplementation resulted in an increased 
sera |tric acid response to heat and starvation. The citric acid 
infece |ponse to ACTH was also accelerated with the high vitamin 
secutive upplementation. 

body. 
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368 VITAMINS—B 
Biochemistry 


THIAMINE BIOSYNTHESIS: MECHANISM OF FORMATION OF 
2-METHYL-4-AMINO-5(HYDROXYMETHYL) PYRIMIDINE 
PYROPHOSPHATE. Lawrence M, Lewin*and Gene M. Brown, 
Div. of Biochem,, Mass. Inst. Technology, Cambridge 39, 
The formation of the pyrophosphate ester of 2-methyl-4- 
amino-5-(hydroxymethyl)pyrimidine (HMP-PP), which is an 
intermediate in the biosynthesis of thiamine, appears to pro- 
ceed by the following sequence of two enzymatic reactions: 





ATP ATP ee 
BMP 4961, MP Pye) HMP-PP. This conclusion is sup- 


ported by the following: 1) During conversion of HMP to HMP- 
PP, HMP-P appeared first, followed by HMP-PP., 2) A puri- 
fied enzyme preparation converted HMP-P to HMP-PP with- 
out the intermediate formation of HMP. 3) Activity of an 
enzyme preparation for formation of HMP-PP was destroyed 
by heating at 55° (10 minutes) or by treatment with p-chloro- 
mercuribenzoate, Neither treatment affected the formation 
of HMP-P from HMP. 4) UTP, GTP and CTP replaced ATP 
for HMP~HMP-P, but not for HMP-P+HMP-PP. These 
facts indicate that two enzymes are concerned with the 
formation of HMP-PP from HMP and that HMP-P is an 
intermediate in the over-all reaction. 


Biochemistry 


PURIFICATION AND PROPERTIES OF FLAVOKINASE FROM RAT 
LIVER, Donald B. McCormick.” Graduate School of Nu- 
trition, Cornell University, Ithaca, New York, 

It has been suggested that breakdown of FAD is 
the principal means by which FMN is synthesized in 
tissues; little or no net formation of FMN is meas- 
urable upon addition of riboflavin and ATP to crude 
extracts, especially from animal tissues. However 
the apparent inability of liver extracts to catalyze 
the phosphorylation of riboflavin is primarily due 
to phosphatases, maximally active at pH 5 and 7, 
which mask flavokinase, At higher pH values and 
with Zn*+ and phosphate which inhibit the pH 7 phos- 
phatase, flavokinase is readily observed. The 
intracellular separation of these phosphatases (par- 
ticulate) from flavokinase (supernatant) makes more 
tenable the physiological importance of the latter. 
Flavokinase from rat liver has been partially puri- 
fied by acidification, (NH4)2S04, and alumina gel 
treatments, The enzyme has an apparent pH optimum 
of 8 when assayed with 10-4M Zn*t, 10-3M ATP (Kg = 
2 x 1074M), 1074M riboflavin (Kg = 5.x 1075M), and 
0.975 M phosphate, The temperature optimum is 50° 
for a 30 min. incubation. The reaction rate fol- 
lows approximate zero-order kinetics for 1 hr. at 37° 


Biochemistry 


SUCCINATE AND AMINO ACID INCORPORATION IN BIOTIN DEFICIENCY. 
K. Dakshinamurti* and S. P. Mistry.* Department of Animal 
Science, University of Illinois, Urbana, Illinois. 

We reported (Fifth Intl.Cong.Nutr. ,Washington,D.C.,1960,p. 44) 
that the in vivo incorporation of labelled methionine per mg. 
of tissue protein of deficient animals was reduced 25-40% as 
compared to normals. In later experiments we studied the in- 
corporation of DL-leucine-1-C?* and L-alanine-C** into cell 
fractions of pair-fed normal and biotin deficient rats and 
chicks and found that the labelling of the microsomal soluble 
protein as well as the nuclear RNA protein was markedly reduced 
in biotin deficiency, In vitro studies with normal and biotin 
deficient rat liver preparations using the system of Keller and 
Zamecnik also showed a reduction in amino acid incorporation. 
However, avidin did not inhibit the incorporation. Avidin also 
did not inhibit the nuclear and the mitochondrial amino acid 
incorporation systems. We therefore, tested the possibility 
that these effects of biotin deficiency are a direct result of 
decreased synthesis of dicarboxylic acids. When 10% carbohy- 
drate was replaced in the diet with succinate, biotin deficient 
rats and chicks incorporated labelled amino acids to the same 
extent as pair-fed normals. This would suggest that the ob- 
served effects of biotin deficiency are indirect and possibly 
the result of reduced pyruvate oxidation and consequent reduc- 
tion in the amount of energy available to the animal for pro- 
tein and nucleic acid synthesis. 














Biochemistry 


The Effects of Sorbitol on Growth and a@Ketoacid Metabol- 
ism in Thiamine-Deficient Rats. C. J. Gubler, Department 
of Chemistry, Brigham Young University, Provo, Utah, U.S.A. 
Rats were made thiamine(Th) deficient by three methods: 
Th-deprivation and subcutaneous injections of the Th anta- 
gonist Oxythiamine (OTh) or pyrithiamine(PTh). Part of the 
rats were fed a synthetic basal Th-deficient diet and the 
other part a similar diet in which 20% of the sucrose was 
replaced by sorbitol. The sorbitol restored growth to essen- 
tially normal in the Th-deficient rats and also in rats re- 
ceiving OTh and PTh. At appropriate times a deficient and 
control rat were sacrificed and the Q-ketoacid oxidase 
levels Measured spectrophotometrically in the tissues with 
Fe (CN) = as electron acceptor along with the blood %-keto- 


FACTORS AFFECTING 4-PYRIDOXIC ACID EXCRETION IN HUMAN SUB- 
JECTS. Arlette I. Rasmussen* and May S, Reynolds, School of 
Home Economics, University of Wisconsin, Madison, Wisconsin, 
4-pyridoxic acid (4-p.a.) is the primary urinary metabo- 
lite of vitamin Bg in human subjects. To evaluate further 
the relationship between this metabolite, vitamin B6 and the 
role of Bg in protein metabolism, a series of controlled 
dietary studies was conducted, Using the method of Reddy 
et al. (J.B.C. 233:691, 1958) urinary excretion of 4-p.a. by 
human subjects was determined (1) when Be and nitrogen intake F 
were at a constant level supplied by ordinary foods as con- 
pared to a semipurified diet, (2) when, using a semipurified 
diet, nitrogen for nonessential amino acids was furnished by 
diammonium citrate and glycine as compared to preformed non- 





essential amino acids, (3) when a semipurified diet supplied 
a constant nitrogen intake and Bg at 3 levels of intake, and 
(4) when the diet supplied a constant Bg intake and nitrogen 
at different levels. Results indicate that 4-p.a. excretion 
did not change markedly when the source or level of N was 
altered but did respond to changes in Bg intake. These re- 
sults suggest that 4-p.a. excretion reflects changes in Be 
intake but apparently not utilization of the vitamin, 


acid levels. Sorbitol generally caused a restoration toward 
normal of the reduced enzyme activity in the tissues of Th- 
deficientyOTh treatedsand PTh-treated rats. Some exceptions 
point toward differences in either locus or mode of action 
of these two antagonists. Th deprivation and OTh-treatment 
resulted in an elevation of blood pyruvate levels while PTh- 
treatment had no effect. Sorbitol feeding did not alter the 
blood pyruvate levels of the various groups. 


Pharmacology Nutrition 
NIACIN BIOSYNTHESIS IN XANTHOMONAS PRUNI. Robert G. Wilson* 
and L, M, Henderson, Department of Biochemistry, Oklahoma 
State University, Stillwater, Oklahoma, 
Ruskin. Dept. of Pharmacology and Toxicology and Dept. Tryptophan and niacin are interchangeable for growth in 
of Int. Med., Univ, of Texas Medical Branch, Galveston, | SETEZSnSHSS Bo a aseismic acid could alec satiety the wef 
Texas. quirement of this organism for the vitamin, To determine if 
Concentrations of oxidized DPN in human blood are niacin is synthesized in this bacterium through the tryptophan 
markedly increased (2 - 8 times normal) after oral ad- 3-hydroxyanthranilic acid pathway, tryptophan-5-C2* (or 7a-C'4, 
ministration of nicotinic acid (NA) (400 mg. daily). 3-hydroxyanthranilic acid-H*, and quinolinic acid-H® were 
Nicotinamide (NAM), given in equal doses, is ineffective tested as possible niacin precursors, Isotope from all three 
in this respect. The results obtained with humans are labeled compounds was incorporated into nicotinic acid, but no 
discussed in connection with animal experiments (rats and radioactivity was found in the quinolinic acid, isolated after 
mice) demonstrating that NAM is more effectively utilized carrier addition, from cells grown in the presence of isotopic 


tryptophan or 3-hydroxyanthranilic acid, In one experiment in 
in the synthesis of DPN in liver tissue. Distribution which labeled tryptophan was used, tryptophan was isolated froa 
patterns in these animals were studied with C°~ labeled 


the cells in addition to niacin and quinolinic acids. A dilu 
NA and NAM. 


EFFECT OF NICOTINAMIDE AND NICOTINIC ACID ON DPN 
SYNTHESIS. H, M, Redetzki , F. A, Q'Bourke* and A, 








tion (9) of the isotope found in the tryptophan corresponded to 
that found in the nicotinic acid (11), Dilutions of 15 for 
hydroxyanthranilic acid-H® and 10 for quinolinic acid-H* were 
observed in the conversion of these compqunds to niacin, There 
was a small dilution (4) of isotope found in the niacin when 
niacin-7-C2* was used, Labeled tryptophan plus unlabeled nia- 
cin or labeled niacin plus unlabeled tryptophan resulted in an §, 
increase in the dilution of the isotope found in the niacin, 


Nutrition Nutrition 


THE SPARING ACTION OF FAT ON THIAMINE, James_H. 
Jones and Lakshmi K, Govardhan,* Department of Bio- 
chemistry, University of Pennsylvania, Philadelphia, Pa. 
The addition of 35% of lard to a synthetic diet (non- 
carbohydrate constituents adjusted isocalorically) to a diet 
containing no added thiamine protected rats to a slight de- When foods high in starch and low in vitamin Bg were 
gree only as judged by growth and length of life, The pro- assayed by use of the yeast assay organism Saccharomyces 
tection was increased to a small extent when 20 pg. of carlsbergensis 228 and by use of the mold Neurospora 
thiamine/100 gm, of diet were added, The lard gave no sitomhila 200 much higher values were obtained by the latter 
protection against a deficiency of thiamine produced by assay. Both microbiolorical assays yielded higher valves 
the addition of 2.5, 1.25, or 1,0 mg, of pyrithiamine per than those found by rat growth assay. Attempts to explain 
100 gm, of diet containing 125 pg. of thiamine, The vit- these discrepancies led to the finding that starch or glucose 
amin and inhibitor were increased isocalorically in the hydrolysates exhibited vitamin B--like activity in both the 
high-fat diets, The pyrithiamine animals developed typical one ea ag ons gl pg, br. ae However, the 
polyneuritic symptoms and died within two or three weeks “ahaie ~ yon pray = ta wee nee ulead 
regardless of the amount of inhibitor, In contrast to py- @ ne 6 sparing activity 


hydrolysates was demonstrable only oVer a rather narrow range 
rithiamine, the high fat gave a marked protection against oF Soncenh ti > inks ee 
the effects of oxythiamine at levels of 5 mg. and 7.2 concentrations; higher levels were inhibitory. Known 


products resulting from the acid hydrolysis of glucose, such 
mg. /100 gm, of the low-fat and high-fat diets respectively. as hydroxymethyl furfural and levulinic acid, were inactive, 
On one experiment at 74 days, 3 of 5 rats (females) were 


The present finding may help explain why some diets appear t0 
dead and the other two, in bad condition, weighed 57 and 63 coud ahemeks Ladin Of <ikain fg tok amb ae 
gms, respectively; The animals on the high-fat diet were 6 


fed to animals. 
all alive at 74 days, appeared to be in good condition with 
an average weight of 170 gms, 


A SOURCE OF ERROR IN VITAMIN Be DETERMINATION: STDULATTION OF 
YEAST AND MOLD BY STARCH OR GLUCOSE HYDROLYSATES. W. Ke 
Calhoun*, P. A. Hedin+ and W. B. Bradley. uartermaster 
Food and Container Institute, Chicaro, I1l., and American 
Institute of Baking, Chicago, Ill. 
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Nutrition 
ETARY SULFUR AMINO ACIDS AND LIVER COENZYME A AND NONPROTEIN 
(IFHYDRYL LEVELS IN VITAMIN Bg-DEFICIENT RATS, M. A. Williams, 

Hata*, and I, nascar. Dept, of Nutrition, Univ. oF 
Hirornia, Berkeley, ornia. 

Sulfur amino acid or vitamin Bgé deficiencies reduce liver 
hin rats fed diets adequate in pantothenic acid (Dinning 
pal. J. Nutr., 56: 431, 1955; Williams and Hata, Arch. Bio- 
fem.» 80: 367, 1959). The decrease in CoA in vitamin Bé de- 
clency may result from a systemic lack of cysteine if the 
tamin Bé-deficient rat is unable to form sufficient cysteine 
hom methionine. To test this possibility, male weanling rats 

e fed a vitamin Bé6-deficient amino acid diet similar 4 
ple egg protein and providing 1.54 N. The following per- 
mntages of methionine and cystine, respectively, were fed: 

I) 0.29, 0.22; (B) 0.29, 0.43; (C) 0.56, 0; (D) 0.56, 0.22. 

he deficient rats and pair-fed controls were sacrificed for 
me determination of liver CoA and nonprotein sulfhydryl 

NPSH) when the deficient rats ceased to gain. Comparable 
wins were made with all diets for the first 3 weeks, but 
tamin Bé depletion was most rapid with diet C. Addition of 
wstine (diet D) to the high methionine diet C decreased the 
te of depletion. Liver CoA concentrations were not altered 
yy the dietary methionine-cystine ratios in either vitamin Bé- 
icient or control rats. Vitamin Bg deficiency lowered 

ver NPSH levels with all diets. Decreases were similar with 
Hets A, B, and D, but the decrease was greatest with diet C. 







Nutrition 


10S HESIS OF GLUTATHIONE IN B6 DEFICIENT RATS. Jeng M. Hsu, 
Buddemeyer*, J. Hormazabal* & Bacon F. Chow. V.A. Hosp., 

d Johns Hopkins Univ., Sch. of Hyg., Balto., Md. 

B6 def. induces an elevation of glutathione (GSH) in rbc & 
liver. The present study reports: (1) rate of synthesis of 

» & (2) formation of the tripeptide by B6 def. & B6 treated 
8 fed a diet lacking the precursors of GSH. To this end, 
ll) ea. def. or treated rat was injected i.p. 10 uc of glycine- 
C14(A) or glutamic-1-C14(B) acid per 300 gm body wt. After 
Hhrs., liver was homogenized with sulfosalicylic acid & GSH 
isolated as cadmium mercaptide for radiometric measurement. 
ihe radioactivity (% of admin. dose) was 30% higher in liver 
fB6 def. rats than that of treated ones after injection (A) 
was 5% higher after injection (B). These differences were 
statistically signif. (2) Both groups of rats were given 
purified diet def. of (a) glutamic acid, or (b) cysteine, 
containing methionine. The GSH levels of B6 def. & treated 
late receiving (a) glutamic acid def. diet were: 201+12.5, 
3.9+8.7 wM/100 ml rbc; 397.8+20.5, 286+14.6 uM/100 gm liver 
(b) cysteine def. diet were:234+13.6, 212+9.2 uM/100 ml/rbc; 
W1+10.9, 298+20.7 uM/100 gm liver, resp. The results of these 
udies failed to demonstrate that (1) the rate of synthesis 
ms altered by B6 deficiency, & (2) dietary depl. of the pre- 
twrsors grossly interfered with formation of GSH by the B6 def. 
mts. 
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Physiology 


SORPTION OF VITAMIN B12C0®0 BY MARINE BACTERIA, 

* and A, H, Lawton. VA Ctr., Bay Pines, Fla. 
Three species of bacteria isolated from marine sources were 
found to readily adsorb vit. By2 tagged with Co in resting 
tell suspensions in sea water. The isolates were gram-nega- 
tive, motile rods which required a medium prepared with sea 
vater or the equivalent concentration of NaCl for growth and 
which lysed when suspended in distilled water. The adsorption 
of vit. By 2C060 by the marine isolates reached a maximum in 
Jminutes or less and was unaffected over a temperature range 
tf 4 to 50°C, Resting cells suspended in solutions of NaCl 
vere found to adsorb the tagged vitamin at a maximum level of 
wtake over concentrations of 1-10% and with only slight 
fecrease at 15% and in CaCl in concentrations of 0.1°15% with 
% decrease in uptake, we Fs the cells in 0.1M MgCl before 
tuspension prevented lysis in concentrations of NaCl below 1% 
without altering the uptake pattern, The B,2C0®0 adsorbed to 
the cells in 3% NaCl could not be desorbed by increasing or 
fecreasing the concentration of salt. The offense of Dna, RNA 
id several antibiotics upon adsorption of B ,2Co”” by the 
Mrine resting cells were also examined. The results of these 
ttudies indicate that the mechanisms binding vit. Bj2Co™’ to 
testing cells of marine bacteria may differ from those binding 


h2Co® to Lactobacillus leichmannii. 











Physiology 


FURTHER STUDY OF GROWTH-PROMOTING ACTIVITY OF VITAMIN B)> 
AND TWO CRYSTALLINE GRASSHOPPER PIGMENTS. L. E. Burgess,* 
Marian P. Coles* and D. I. Rolfe. Physiology Dept., Meharry 
Medical College, Nashville, Tenn. 

The isolation of three crystalline pigments from the de- 
veloping egg of the grasshopper has been reported (Arch. 
Biochem. 20:347, 1949). One of the substances (reddish- 
brown) exhibits an infrared absorption spectrum similar in 
character, but not exactly identical, with the infrared 
spectrum of crystalline vitamin B)>. We have demonstrated 
previously that the reddish-brown substance can replace 
vitamin B]2 in stimulating growth in depleted weanling rats 
fed casein-dextrin diet with iodinated casein. The present 
study was designed to test, in similarly treated rats, the 
ability of the purplish-brown pigment to replace vitamin B)2 
in stimulating growth. Results of this study demonstrate 
that weanling rats depleted on the basal diet show a depres- 
sion of growth rate which is reversed by oral or intraperi- 
toneal administration of the purplish-brown grasshopper 
pigment. The possible significance of these findings is 
discussed. (Supported by a grant from the Natl. Inst. of 
Arthritis and Metabolic Diseases, USPHS.) 


Physiology 
APPLICABILITY OF HYDROXOCOBALAMIN AS A LONG-ACTING VIT. B12. 
G.B.J,Glass H.R, Skeggs $D.H.Lee}E,L.Jones* and W.W.Hardy*, 
Dept. of Med. ,New York Medical College,N.Y.C.,and Merck Sharp 
& Dohme Research Laboratories ,West Point,Pa. 

A single i.m, injection of 500 and 1000 ug of hydroxocoba- 
lamin to 17 individuals resulted in 1.8 resp, 4.1 times high- 
er mean serum B)2 levels 5 hrs after injection, 4.6 resp.12.8 
times higher 24 hrs, 2.4 resp, 5.2 times higher 72 hrs, and 
1.6 resp, 2.5 times higher by 2nd through 4th week after inj- 
ection,than i.m, injection to 19 individuals of identical do- 
ses of cyanocobalamin, After a single i.m, injection of 500 
resp, 1000 ug of hydroxocobalamin, only 16% resp, 27% of the 
By2,0n the average, was lost in the 72-hour urines as compa- 
bad to 60% and 69% resp. ,after identical doses of cyanocobaja- 
min, All these differences were highly significant statistica- 
lly. Radioactive hydroxocobalamin, given i.m, to 6 subjects, 
proved to be absorbed more slowly than labelled cyanocobala- 
min from the site of injection, while its deposition in the 
liver and in the muscles, as judged by the results of surface 
counting was either equal; or higher than that of cyanocobals- 
min, Thus, hydroxocobalamin, injected i.m. in large doses, is 
absorbed from the site of injection more slowly, is much less 
eliminated in the urine, and causes significantly higher and 
more prolonged oY blood levels than cyanocobalamin. All this 
suggests its app feabi lity as a long-acting vitamin B)2. 





Biochemistry 


VITAMIN B)> AND PURINE METABOLISM IN LACTOBACILLUS LEICHMANNII 
R. Craven* and Mancourt Downing.* Chem. Dept., Univ. of 
Colorado, Boulder, Colorado. 

Recent radioactive tracer evidence in Lactobacillus 
leichmannii indicates an involvement of vitamin B]>2 in the con- 
version of ribonucleotides to deoxyribonucleotides--a conclu- 
sion originally suggested by nutritional experiments (Wacker, 
et. al., Z. Naturforschg., 14b, 145 (1959)). Similar nutri- 
tional data has shown that the purine growth requirements in 
this organism can be quantitatively replaced by vitamin B)o 
(Downing, et. al. J. Bact. 64, 142 (1952)). This report de- 
scribes experiments designec to test the hypothesis that vita- 
min B)> is necessary for purine biosynthesis. 

Two flasks of L. leichmannii were grown, only one of which 
contained vitamin B)>. The two flasks were equilibrated with 
cl4o> immediately after inoculation. The RNA was hydrolyzed in 
1 N NaOH and the purine nucleotides were purified and their 
specific activity determined. The DNA was hydrolyzed in 0.1 N 
HCl and the purines were purified and assayed for specific 
activity. Radioactivity appeared in RNA and DNA purines in the 
absence of vitamin B)>. This result implies that vitamin B)> 
is not important for the de novo synthesis of purines and is 
consistent with the view that the purine growth requirement is 
an indirect consequence of the vitamin function in the syn- 
thesis of deoxyribonucleotides. (Supported by Grant #C5393 
from the National Cancer Institute, U.S.P.H.S.) 
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Biochemistry 
ALTERED NUCLEIC ACID METABOLISM IN UNBALANCED BACTERIAL GROWTH 


DUE TO VITAMIN B,> STARVATION. William S. Beck, Susan A. Hook , 





and M Levin". Harvard Medical School and Massachusetts 
General Hospital, Boston, Massachusetts. 


Filamentous forms which occur when Lactobacillus leichmannii 





are grown in limiting vitamin Bia or deoxyriboside result from 
unbalanced growth with impaired DNA synthesis and unimpaired 
RNA synthesis [Fed. Proc. 19: 417 (1960)]. In isotopic studies 
on the locus of vitamin Bis action in deoxyribonucleotide syn- 
thesis. it was found in both balanced and unbalanced growth 
that exogenous adenine provides more than 99 per cent of 
nucleic acid adenine, that of DNA entering via the transdeoxy- 


nucleosidase reaction in deoxyadenosine (AGR) cultures. Remain- 


ing purine is synthesized de novo. In Byo and AdR deficient 


filaments, the small but definite incorporation of formate into 
purines was eliminated, an effect similar to that of aminopterin. 


This did not occur in filamentous E. coli 15p-. Unbalanced L. 


leichmannii also showed an 8 to 10-fold increase in transdeoxy- 


nucleosidase activity. Bio deficient filaments differed from 


AGR deficient in their relatively greater depression of orotate 
incorporation into nucleotides and their decreased acid-soluble 


Dogo-Absorbing material compared to unstarved controls. These 
and other metabolic consequences of unbalanced growth and 
their significance in studies of B12 action will be discussed. 


Pharmacology 


HEPATIC UPTAKE OF Co58-5 ,6-DIMETHYLBENZIMIDAZOLYLCOBAMIDE 
COENZYME IN HUMANS. Duk Ho * and George B. Jerzy Glass*. 
Dept. of Med. and Gastroent, Res. Lab, ,N.Y.Mecical College,NYC. 
In 5 normals and patients with pernicious anemia in remi- 
ssion, hepatic uptake of radioactivity and control counts over 
the intestines were determined daily for 2 weeks by the surfa- 


ce counting method of Glass et al. (Arch, Biochem.& Biophys.5] 


$251,1954) following oral administration of 2 ug of coenzyme 
alone, coenzyme with intrinsic factor (IF), cyanocobalamin al- 
one, and cyanocobalamin with IF. In normals, the hepatic upta- 
ke of coenzyme differed insignificantly from that of labelled 
cyanocobalamin, In pernicious anemia, neither coenzyme nor cy- 
anocobalamin alone were absorbed and deposited in the liver, 
but, when given with IF, cyanocobalamin was better taken up by 
the liver than coenzyme.The intestinal counts were significan- 
tly higher and more prolonged after ingestion of coenzyme, al- 
one or with IF, than after a similar dose of cyanocobalamin, 
alone or with IF. This suggests that coenzyme is more easily 
attached to the intestinal wall, and remains there for a long- 
er period of time, than cyanocobalamin, but that its intesti- 
nal absorption in pernicious anemia is enhanced by IF less 
than that of cyanocobalamin. (Supported by a Grant-in-Aid from 
the Squibb Institute for Medical Research, New Brunswick ,N.J.) 


Pathology 


ABSORPTION OF INTRINSIC FACTOR BY ISOLATED PERFUSED RAT LIVER. 
Milton -* Dept. of Biochemistry, Jefferson Medical 
College, Philadelphia, Pennsylvania. 

It has been shown, using the isolated perfused rat liver, 
that Intrinsic Factor { IF) is absorbed by the liver in the 
presence of vitamin B,, and transferred to the bile (Federa- 
tion Proc., 19, 418 (1960); in press Am. J. Physiol.). Further 
experiments have shown that IF by itself can also be absorbed 
by the liver and transferred to the bile without any signifi- 
cant impairment of its activity. This was done by using the 
bile from one experiment, in which only IF was added to the 
perfusing blood, adding B,, to it and using this mixture in a 
second experiment. The B,, was absorbed by the liver in the 
second experiment approximately as well as it would have been 
had the IF been mixed directly with B,, rather than first 
being passed through a liver into bile. It appears, from the 
data, that the absorption and transfer to the bile is more 
rapid when IF is by itself in the perfusing blood than when 
combined with B,,. These results are in accord with the 
hypothesis that IF facilitates the absorption of B,, by liver 
as a B,,-IF complex. The liver can then break down this com- 
plex, store the B,,, and release the IF to the bile. A further 
corollary is that IF may be required for subsequent release of 
B,, stored in the liver. (Supported by USPHS Grant C-1,236 and 
carried out with the technical assistance of Louis J. Philipp.) 
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Pathology 


VITAMIN B)2 AND GROWTH OF EUGLENA GRACILIS, 
S.S. Epstein* x, J.B. Weiss,*P. Bush*and D. Causley.* 
Hosp. for Sick Children and Rank Cintel, Ltd., London, 
Euglena gracilis is a green algal flagellate exhibiting a 
quantitative growth response to vitamin B 2 on defined syn- 
thetic media. Euglena was grown in both light and dark over 
a wide range of concentrations of vitamin B)2 during a 7-day 
period. Variation in cell counts and size in daily photomicro- 
graphs of culture replicates were assessed by an automatic 
electronic technique - the Flying Spot Particle Resolver, 
Within defined limits the rate of cell growth was directly 
proportional and mean cell area indirectly proportional 
to the concentration of vitamin B,}2. Thus, under conditions 
of extreme metabolite depletion, cellular gigantism and ab- 
normally prolonged generation times resulted. These mor- 
phological abnormalities are analogous to those reported 
recently in buccal squamous cells in cases of untreated 
pernicious anemia. 











x - Present address, Children's Cancer Research 
Foundation, Boston, Mass. 


Nutrition 


STUDIES ON THE ROLE OF VITAMIN B,2 IN INTERMEDIARY METABOLISM, 
Debajit K. Biswas*and B. Connor Johnson. Department of Animal 
Science, University of Illinois, Urbana. 

The in vivo incorporation of uniformly labeled D-glucose- 
c*, DL-serine-3-C14 and DL-alanine-]-C14 into glycogen, pro- 
tein, fatty acids, cholesterol and glycerol has been studied 
in vitamin B,2-deficient and normal rats, A marked depression 
in the synthesis of liver glycogen from the three labeled 
compounds has been observed in B,2 deficiency. The effect 
seems to be most marked from D-glucose-U-C14, In accordance 
with previous reports from this laboratory (Wagle et al., 
J. Biol. Chem. 230, 137, 1958), in vivo protein synthesis from 
D-glucose-U-C14 was depressed in B,,-deficient rat liver. 
Glycerol has been isolated from liver fat from B,2-normal and 
deficient rats, and incorporation from DL-serine-3-C14, DL- 
alanine-1-C14 and D-glucose-U-C14 precursors studied. The 
incorporation of DL-serine-3-C14 to glycerol was markedly 
depressed in B,2 deficiency, whereas there was little effect 
on glycerol labeling from DL-alanine-1-C1* or glucose-U-C14, 





Nutrition 


METABOLISM OF INTRINSIC FACTOR CONCENTRATE 
(IFC) AND IFC-RADIO B, ,-COMPLEX BY THE RAT. Frank 
J. Troncale*, Hans J " Hahigen* and O.Neal Miller, Tulane 
Univ. Sch. of Med. , New Orleans, La. 

A time-course curve, in which the disappearance of IFC 
from the liver of the rat, was done using highly purified hog- 
IFC. IFC had been administered through the femoral vein. 
30 % of the IF activity had disappeared after only 5 minutes 
and by the end of 2 hours no IF activity could be determined 
by in vitro assay methods. A second time-course curve was 
done (after IFC-radio B,. complex had been injected through 
the femoral vein) and thé disappearance of the IFC-B, g com- 
plex from the liver determined. In contrast the first 
experiment, 20 % and 75 % of the IFC-B,. complex dis- 


appeared after 6 and 24 hours respectivel¥. It has been 
previously reported that 90 % of the IFC-B,. complex ap- 
pears in the microsomes 5 minutes after ction. It has 


now been determined that the IFC-B,. complex disappeared 
from the liver in the following orde \Anicrosomes, soluble 
supernatant and mitochondria. 3 weeks after the injection 

of the IFC-B,,, complex, 50 % of the remaining activity is 
found in the fer mitochondria. Preliminary studies indicate 
that no more than 1/3 of the radio-B, g that disappears from 
the liver appears in the kidneys. 
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Nutrition 


METABOLISM OF cl4y-cYANOCOBALAMIN (c!4n- 
B,5) AND C -CYANOCOBAL 4AMIN- INTRINSIC FACTOR 
CONCENTRATE COMPLEX (C°*N-B,,-IFC). Hans J. 
Hansen*, John W. Coffe*, Touro Infitfhary and Tulane Univ. 
Sch. Of Med. , New Orleans, La. 

Vitamin B,. has been reported to occur in liver in the 
form of an atl@nocobalamin complex (Barker et al. Proc. 
N.A.S., 45: 521, 1959); which suggests that the cyanide 
moiety must be eliminated,from cyanocobalamin during its 
absoxption or storage. C° “N-B,, was prepared by addi 
NaC’ “N to hydroxycobalamin removing excess cyani 
by aerating with nitrogen at pH 5. When C’*- was 
added to high] purifigd intrinsic factor, cyani 
liberated, and the C°*N- -IFC complex was combi to 
tirconyl ee a in same manner as was Co -- 
B,»-IFC complex. When C° “N-B,.-IF complex was injec- 
tet? into rats through the femoral Yain as describeg by Miller 
etal. (Fed.Proc., 19: 418, 1960), 90 % of the C*~* label 
was found in the liver within five minutes, still attaehed to 
vitamin B,.. Under identical conditions 90 % of Co’ --B,.- 
IFC comph& was found in the liver after five minutgs . Tifhe- 
course curves which study the disappearance of Co ~-B,,- 
IFC complex, om the liver will be compared with a sinflar 
study with C N-B, -IFC complex. 


was not 


Nutrition 


SERUM VITAMIN B12 IN INFANCY. A. Leonard Luhby, 
Robert Feldman*, James F, Marley", Oesman Odang*, ani 
Jack M. Cooperman. New York Medical College,NYC 29. 
Previous workers established that infant umbili- 
cal cord serum B12 was higher than that of respec- 
tive mothers at term. The purpose of this study 
was to extend observations of serum Bl2 through 
early and late infancy in an attempt to evaluate 
dynamics of vitamin Bl2 nutriture in mother and 
child. Vitamin B12 was assayed by our modified L. 
lactis technic. Serum was sampled from cord blood, 
then serially in same infant to 30 days. In others, 
1 to 36 mos. of age, single serum samples were ob- 
tained. 125 normal subjects were stuiied. Results 
showed cord values averaged 951 pyg/ml, maternal 
values 177. Infants' serum values remained high 
for first week; rapidly decreased to average of 312 
by one month; further gradual decline to 228 occur- 
red by 6-7 mos.; then slow rise to 03 took place 
by 24-36 mos, This pattern of initial high cord 
serum B12 probably reflects effect of placental 
dynamics. Low early infancy levels, despite "good" 
intake, were unexpected. Does this represent poor 
G, I, absorption or rapid excretion? (Supported by 
Grant A-1071 NIAMD.) 














Nutrition 


ABSORPTION OF VITAMIN B,> BY IRON DEFICIENT RATS. Samuel D.J. 
Yeh*, Asuncion R. Gabriel* & . Johns Hopkins 
Univ., Sch. of Hyg. & Pub. Health, Dept. Biochem., Balto., Md. 

Besides microcytic hypochromic anemia, certain biochem. 
aberrations may accompany insufficient dietary intake of iron 
(Fe) in animals. In this report, the impairment of B,2 ab- 
sorption due to Fe deficiency will be discussed. Weanling 
rats of McCollum strain were placed in plastic cages & given 
Fe deficient milk diet & demineralized water for 4-6 wks. By,2 
absorption was carried out after assessment of Fe deficiency 
by hemoglobin (Hb) & hematocrit (Ht) determinations. Our re- 
sults of several expts. consistently showed that Fe deficient 
rats weighed 30% less than the controls & had a 30% or more 
decrease in Hb & Ht values. These deficient animals absorbed 
39.4+2.87% of the oral dose of 50 mug Co60-B,2, whereas the 
controls absorbed 52.3+3.20%. Radioactive B,2 uptake in the 
Organs also showed a 40% decrease in deficient animals. Al- 
though deficient animals did not show a marked decrease of B,> 
content in liver, but the plasma B,> level was significantly 
teduced. It was also found that deficient rats had a decrease 
of total volume, acidity & By binding capacity in the gastric 
juice obtained 8 hrs. after ligation of the pylorus. Our data 
Suggest that Fe deficiency may result in partial impairment of 
Bi2 absorption, perhaps mediated through impairment of gas- 
tric secretion in deficient animals. 
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Immunology 


URINARY EXCRETION OF HYDROXY-(I), CYANOCOBALAMIN (II) & 5,6= 
DIMETHYLBENZ IMIDAZOLE-B, > COENZYME (III) FOLLOWING INTRA- 
MUSCULAR INJECTION TO MAN. Gregorio D., Samson*, Samuel D.J. 
Yeh* & Bacon F. Chow. Johns Hopkins Univ., Sch. of Hyg. & Pub. 
Health, Dept. Biochem., Balto., Md. 

In a series of experiments, I, II & III were injected 
intramuscularly to clinically healthy subjects (age: 20-40 
yrs.). 24-hr. urine specimens were collected & assayed micro- 
biologically for Byo activity & sometimes radiometrically. 
When 100 pg or 1000 pg of I, II or III were injected, the 
amts. recovered were: 12.2, 143; 70.7, 713; and 5.0, 120 yg, 
respectively for these 2 dosages. Thus, the recovery of 
microbial activity was highest for II. In a second study, a 
comparison of excretion of II & III was made at lower dosages 
(20-100 pg). They again demonstrated lesser excretion of III. 
In a third study, 0.4 pg radioactive I & II was given intra- 
muscularly & "flushed" 2 hrs. later with 1000 yg of the homol- 
ogous cobalamin. The recovery of radioactivity in urine was 
22% for I & 58% for II. They demonstrate that I & III were 
better retained by the tissues than II, 
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Biochemistry 


ASCORBIC ACID CATABOLISM IN GUINEA PIGS. Lothar L. 
Salomon* and Kazko Arai*. The University of Texas School of 
Medicine, Dept. of Biochem. and Nutr., Galveston, Texas. 
Steady-state rates of catabolism of ascorbic acid (AscA), 
previously shown unaltered in guinea pigs during moderately severe 
scurvy, are depressed in very severe scurvy. This is considered 
to be a consequence of general metabolic impairment rather than a 
specific physiologic response. Massive doses of AscA in replete 
animals result in initially rapid urinary loss but unaltered steady- 
state half-life. However, with such doses the conversion to CO, 
attains a definite maximum during the initial hours after adminis- 
tration. This effect appears unrelated to renal reabsorptive 
capacity. The rapid rate of degradation of AscA during the initial 
phase can be shown to be a reaction exhibiting first-order kinetics, 
and to be largely independent of and additive to the steady-state rate 
of degradation. Thus, administration of unlabeled AscA to guinea 
pigs in the steady state after injection of labeled AscA in no way 
alters the excretion of radioactivity. The additional dose exerts no 
sparing effect on AscA already incorporated into the body pool. 
AscA is shown to be highly susceptible to degradation shortly after 
administration, gradually becoming more "protected" as it is 
distributed into the tissues. The relatively slow steady-state rate 





of catabolism may be the consequence of backflow. (Supported by 
grant C 3994 from the National Institutes of Health. ) 
$71 VITAMINS—Fat-Soluble 

Biochemistry 


SYNTHESIS AND METABOLISM OF VITAMIN Kj -3'-METHYL-24c, 
William R. Michael* and William H. Elliott. Dept. of Bio- 
chemistry. St. Louis Univ. Sch. of Med., St. Louis, Mo. 

Vitamin K, was labeled with 14c in the 3'-methyl position 
in order to ascertain the biological importance of the phytyl 
radical. 5,9,13-Trimethyltetradecanoyl chloride was reacted 
with cadmium dimethyl-14c to form 6,10,14-trimethylpentade- 
can-2-one-1-14c which was treated with acetylene and reduced 
catalytically to isophytol-3-methyl-!4c, Condensation with 
2-aathyl-1, d-naghthetydrogeinene- i <anmesestate yielded 7 
vitamin K,-3'-methyl- 4c (sp. act. 6 x 109 d/m/mg). Follow- 
ing chromatography on Florisil, purity was established by. 
paper chromatography and ultraviolet spectroscopy. After 
intraperitoneal administration in dibutyl succinate to normal 
rats and rats with bile fistulas, absorption was less than 2% 
per day; no l4co9 was found in the expired air. Administration 
in Tween 80 considerably enhanced the absorption. Intragas- 
tric administration in bile led to recoveries of 8% in bile, 
5% in urine, and 85% in feces. After intracardial adminis- 
tration, 45% of the administered was present in the bile. 
Fractionation of the bile showed that 2/3 could not be un- 
changed vitamin Kj. Of the remaining 1/3, one portion was 
chromatographically similar to and one mich more hydrophilic 
than vitamin Kj. 
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Biochemistry 


TRANSPORT AND EXCRETION OF MENADIONE. D. G, Cornwell* and K. 
E. rt, Ohio State Univ., Columbus, Ohio 

ince menadione reacts with thioglycolic acid to form a 
thio ether at the 3 position and since menadione forms a 
covalent linkage with denatured proteins, a protein thio ether 
has been suggested as the transport form for this fat soluble 
vitamin precursor, No covalent linkage to protein was found 
when menadione was precipitated on celite, dispersed in 
physiological saline, and agitated with serum, in vitro. 
While serum proteins solubilize menadione, the Tipoproteins 
are not involved. Several investigators have suggested that 
menadione is excreted in the urine as menadiol glucuronide 
and menadiol sulfate. In the present study, menadione diss- 
olved in corn oil and administered I.M, to rats, was excreted 
in the urine principally as free menadiol. Additional menadi- 
ol was not liberated in urine by incubation with B-glucuron- 
idase, Some menadione was liberated from a urinary excretion 
product by hydrogenolysis, The nature of this product re- 
mains to be demonstrated. 


Biochemistry 


L-GULONOLACTONE OXIDASE INACTIVATION IN TOCOPHEROL DEFICIENCY. 
M.P. Carpenter*, P.B. McCay*, A.E. Kitabchi*, R.E. Trucco and 
R. Caputto. Oklahoma Med. Res. Inst., Oklahoma City, Okla. 

A methanol-chloroform soluble fraction from microsomes of 
tocopherol deficient rats (Fraction I) inhibits L-qulonolactone 
oxidase after a lag period of approximately 30 min. (J. Biol. 
Chem. 235, 1961, 1960). Addition "in vitro" of tocopherol, 

Mn or EDTA prevents the inhibition. To determine whether the 
tocopherol acted by replacing destroyed tocopherol while Mn or 
EDTA acted by preventing the destruction of tocopherol, these 
agents were added after the inactivation was established. 
Results showed that the three of them reactivated at approxi- 
mately the same rate. Failures of systematic attempts to sepa- 
rate an inactivator from the inhibited system which would be 
effective in a fresh system without lag period is leading to 
the hypothesis that the inhibitor is a transient factor. 
Autoxidized linoleic, linolenic and arachidonic acids also 
inhibit gulonolactone oxidases however, the inhibition pro- 
duced by these acids is prevented by thiol compounds while the 
inactivation produced by Fraction I is not. The above mention- 
ed acids in the fresh state do not inhibit gulonolactone 
oxidase. Fractionation of liver lipids into components which 
are referred to as: fatty acids, neutral fats and phospho- 
lipids, showed that the highest concentration of inhibitor 
precursor is found with the phospholipids. 


Nutrition 

UTILIZATION OF CAROTENE IN RATIONS CONTAINING IRRADIATED CAR- 
ROIS. Ian J. Tinsley” and Edward C. Bubl (deceased June 1960). 
Dept. of Ag. Chem., Oregon State College, Corvallis, Oregon. 

Liver vitamin A levels were assayed in rats raised for 14 
weeks on rations containing 35% cooked carrots (dry weight). 
The mean vitanin A concentrations observed in livers from male 
animals raised on the non-irradiated and the irradiated (5.6 
megarad) carrot rations were 3.68 and 2.72 mg/g dry weight 
respectively; for female animals the respective concentrations 
were 5.52 and 3.67 mg/g dry weight. Since the carotene content 
of the rations was comparable as well as the food intakes, it 
would appear that the carotene in the irradiated carrots was 
not used as efficiently as that in the non-irradiated carrots. 
Infrared spectra of B-carotene samples isolated from carrots 
used in the two rations indicated a difference in the isomeric 
compositions. In subsequent experiments the isomeric compo- 
sition of the B-carotenes from the non-irradiated and irradi- 
ated carrots were compared after separation of the isomers on 
a calcium hydroxide column, The B-carotene isolated from 
irradiated carrots showed a 15-20% decrease in the proportion 
of all-trans-f-carotene and a corresponding increase in the 
proportion of the cis isomers, more particularly in the pro- 
portion of neo-f-carotene B. It is suggested that this dif- 
ference in the isomeric composition of B-carotene may explain 


in part the lower vitamin A levels observed in animals fed 
irradiated carrots. 
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Nutrition 
RELATIONSHIP OF ESTROGEN AND VITAMIN K IN THE RAT. Anna Maris 
Paolucci,* P. B. Rama Rao* and B. Connor Johnson. Department 








of Animal Science, University of Illinois, Urbana, Illinois, 
Growing male rats, but not female rats, fed vitamin K low 
diets show hypoprothrombinemia resulting in hemorrhagic deaths 
preventable by vitamin K. These findings suggested a possible 
involvement of estrogen in the role of vitamin K. Male wean- 
ling rats of the Sprague-Dawley strain were fed a vitamin K- 
free diet (Johnson et al., Fed. Proc., Dec., 1960) for 26 days, 
Groups of rats were injected with menadione (in corn oil) or 
with estradiol. After 24 hours the plasma prothrombin times 
were determined, All the negative control rats showed high 
plasma prothrombin times (>120 seconds). Menadione administra. 
tion lowered the plasma prothrombin time to an average of 19 
seconds (range 16-21). Four of the six rats injected with 
estradiol in one experiment and all rats in two other experi- 
ments also had normal prothrombin times (17-20 seconds). 
Studying the time required for estradiol to bring about a 
return to normal prothrombin time in vitamin K-deficient rats, 
a reduction in prothrombin time was observed after 6 hours 
with essentially complete return to normal by 24 hours. Levels 
of estradiol of 100 pg and 1 mg per rat were equally active, 


Nutrition 


FATAL SYNDROME ASSOCIATED WITH VITAMIN E STATUS OF PREGNANT 
RATS. Mary Alice Kenney+ and Charlotte Roderuck, Iowa State 
University, Ames, Iowa 

Weanling female rats were depleted of vitamin E by feeding 
a diet containing 16.5% casein, 66.5% cornstarch, )% Hawk and 
Oser salt mix, 1% NaCl, 5% Torula yeast, 2% non-nutritive 
fiber and 5% cod liver oil. They were mated at 9 wks. of age, 
Depleted pregnant rats, divided into four groups, received 
9, 2, 6 or 20 mg dl~Gtocopherol orally, Half of the supple- 
ment was given on the 8th day, half on the 9th day of gesta- 
tion. Depleted rats which received no tocopherol resorbed 
their young. Of 2 rats which received supplements of 
tocopherol, 13 died at parturition; the highest mortality, 
53%, occurred in the group given 2 mg tocopherol, Other 
supplemented rats generally delivered dead young after pro- 
longed gestation, As doses of tocopherol increased, suscep- 
tibility of erythrocytes to hemolysis, measured on the 21st 
day of pregnancy, decreased, Serum vitamin E was very low 
in all groups compared with stock controls, The fatal 
syndrome resembled that described by Hartwell (Bioohem. J, 21: 
1076, 1927), by Armstrong and Swanson (J. Am, Diet, Assoc. 19: 
756, 1943) and by Stamler (Am, J, Path, 35:1207, 1959); all 
may be related to development of a similar vitamin E status 
just prior to parturivion. 





Nutrition 
METABOLISM OF RADIOACTIVE VITAMIN A AND VITAMIN A ACID. P. T. 


Varandani,* G. J. Wright,* G. Wolf* and B, Connor Johnson. 
Department of Animal Science and Radiocarbon Laboratory, Uni- 
versity of Illinois, Urbana, Illinois. 

Dowling and Wald (Proc. Natl. Acad. Sci. 46, 587, 1960) 
found that while rats on a vitamin A deficient diet supplemen- 
ted with vitamin A acie become typically night blind, they 
grow normally and are otherwise healthy even though they store 
no vitamin A, We have been unable to detect or trap vitamin 4 
acid as a metabolite of vitamin A given as labeled vitamin A 
acetate. Thus it appears probable that both vitamin A and vit- 
amin A acid are precursors of a common functional compound. In 
order to search for the site of conversion to such a compound 
and for the possible functional compound, studies have been 
carried out on the distribution and metabolism of both C*4 
labeled vitamin A and vitamin A acid (generously supplied by 
Hoffmann La Roche, Basel). Sixteen hours following intraperi- 
toneal injection into deficient rats the highest percentage of 
the radioactivity was found in the liver from vitamin A and in 
the small intestine from vitamin A acid. The eyes contained 
no radioactivity from vitamin A acid. Chromatography indicated 
that the radioactivity in the liver following vitamin A acid 
injection is not due to vitamin A or vitamin A ester. The 
nature of this activity will be discussed. 
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AWROLYSIS OF SATURATED AND UNSATURATED VITAMIN A ESTERS. 
faward G. High and Winston M. Bryant, Jr.* Dept. of Bio- 
chemistry, Meharry Medical College, Nashville, Tenn. 

The rate of hydrolysis by various tissues, both in viyo ani 
jn vitro, of saturated, and natural (human and rat) vitamin A 
esters has been investigated. The methods employed were sub- 
stantially the same as those previously reported (Fede Proc. 
1611663, 1957). Vitamin A acetate, butyrate, and caprylate 
vere hydrolyzed to a greater extent by liver, kidney, and pan- 
creas tissues than vitamin A palmitate. Although the hydro- 
lysis of vitamin A palmitate by liver and kidney tissues was 
slight, the hydrolysis by the pancreas was appreciable. Simi- 
lar results were obtained with the unsaturated vitamin A 
esterse Preliminary results with the natural vitamin A esters 
fron the rat and human livers indicated a parallelism between 
the hydrolysis of these esters ani that of vitamin A palmitate, 
oleate and linoleate. No appreciable hydrolysis of Vitamin A 
oleate or linoleate was observed with plasma preparations. 

Both the unsaturated and the natural (rat and human) vitamin A 
esters underwent immediate hydrolysis when injected intracardi- 
ally into the rate The implication of pancreas as well as 

vhole blood in the metabolism of vitamin A is suggested. 
(Supported by grants from the Natl. Science Fndn. and the 

Iutrie < through the Council on Foods and Nutri. of the 
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Nutrition 


ESTIMATION OF THE BIOLOGICAL POTENCY OF VITAMIN A. 
?.K. Murray and J.A. Campbell. Food and Drug Lab., Dept. of 
Natl. Health and Welfare, Ottawa, Canada. 

It has been reported that the presence of low-potency cis 
isomers of vitamin A in pharmaceuticals results in the over- 
estimation of biological potency by physical and chemical 
methods. The antimony trichloride and U.S.P. spectrophoto- 
metric methods have been applied to a variety of vitamin A 
products and the results compared with those obtained by 
biological assay. Judged by this criterion the U.S.P. method 
gave a good estimate of biological potency but the antimony 
trichloride method over-estimated this value. Cis isomers of 
vitamin A were not found in appreciable amounts in most rat- 
liver oils or in fresh fish liver. Water dispersed and 
various types of coated vitamin A were assayed biologically 
and it was found that the utilization of these products was 
not greatly different from that of vitamin A in oil. Their 
potency could therefore be estimated accurately by the U.S.P. 
method. 
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SELECTIVE CONCENTRATION OF FOLIC ACID ACTIVITY IN CEREBRO- 
SPINAL FLUID. Y, Herbert and .* Thorndike Mem, Lab. 
& 2nd & 4th Med. Serv., Boston City Hosp. and Harvard Med. 
School, Boston, Mass. 

Paired serum and cerebrospinal fluid (CSF) were obtained 
from 16 subjects (including 2 with pernicious anemia) during 
diagnostic study or spinal anesthesia. Serum and CSF folic 
acid (FA) activities for S, faecalis ATCC 8043 were always 
<5 mg/ml, Serum FA activity for L, casei ATCC 7469 varied 
from 4,3 to 22 mg/ml; CSF values were from 17 to 41 mg/ml 
(excluding one value of 270 mg/ml), The average ratio of 
CSF:serum FA activity for ], casei was 3:1; no subject had a 
CSF:serum ratio of less than 3:2, Amethopterin is reported 
almost unable to pass into CSF; if FA activity re- 
presents reduced conjugated form(s) of FA as has been sug- 
gested, a similar form of Amethopterin may concentrate in CSF. 
The finding that much lower levels of vitamin B12 occur in 
CSF than in serum (Proc, Soc, Exp. Biol. & Med. 103: 801, 
1960) was confirmed using E, gracilis. (In 14 subjects, aver- 
age CSF value = 22 mng/ml; average serum value = 546 pug/ml), 
Thus CSF appears selectively to concentrate L, casei FA 
activity and exclude protein-bound vitamin B]2. These find- 
ings may have some relation to acceleration of neuropathy due 
to vitamin Bj2 deficiency by FA therapy. (Supported in part 
by grants from USPHS and Nat. Vit. Fn.). 
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Biochemistry 


THE INTERCONVERSION OF PREFOLIC ACID A AND TETRAHYDROFOLIC 
ACID. Kenneth 0. Donaldson*and John C. Keresztesy. Natl. 
Insts. of Health, Bethesda, Md. 

One of the naturally occurring forms of folic acid, pre- 
folic A, (J. Biol. Chem. 234: 3235, 1959) has been isolated 
in essentially pure form, as a barium salt, from horse liver. 
Prefolic acid A exhibits spectra). characteristics similar 
to those of dihydro- and tetrahydro-folic acids. However, 
unlike these compounds prefolic acid A is relatively stable 
to acid pH. Mild oxidation results in an acid labile form 
which is reconverted to prefolic acid A by reducing agents 
such as ascorbic acid or mercoptoethanol. Prefolic acid A 
is oxidized to tetrahydrofolic acid by an FAD-dependent 
enzyme system (folate-H, reductase) with menadione as the 
electron acceptor. This reaction is reversed by coupling 
the reductase system with a DPNH-menadione reductase. The 
reaction is inhibited by dicumarol. 





Biochemistry 


FOLIC AC™D PRECURSORS OF HUMAN ERYTHROCYTES. Kazuo Iwai*™ ’ 
Phoebe M. Luttner*, and G. Toennies. The Institute for 
Cancer Research, Philadelphia, Pa. 

Previous studies of this laboratory indicate that the 
erythrocytes represent the major seat of potential folic 
acid activity in blood and that the relevant erythrocyte 
material consists of precursors (FSP) from which plasma 
enzymes can release substances of high folic acid activity. 
It has now been found that FSP of high potential activity for 
P. cerevisiae can be obtained by autoclaving (30 minutes at 
10 Tb. pressure) hemolysed red cells in a 10-15% ascorbate 
solution of pH 7; microbiological activity being released sub- 
sequently by a combined hog kidney-chicken pancreas prepara- 
tion or a plasma enzyme fraction. FSP and hemogiobin pass 
almost simultaneously through non-ionic dextran gel (Sephadex) 
but, being of opposite polarity at pH 6, are sharply separated 
on DEAE cellulose by adsorption of FSP. This and its reten- 
tion on dialysis in the presence of ascorbate, as well as its 
behavior on (NH},),S0, fractionation, show the protein charac- 
ter of FSP. By adsorption on and elution from DEAE, combined 
with dialysis, a precursor prepares” ion is obtained which, in 
terms of folic acid, has an activity of 0.05%, thus represent- 
ing a 100-fold increase in purity compared with our previously 
described preparations. (Supported by USPHS grants CY-1479 
and CY-4604. ) 





Biochemistry 


FURTHER STUDIES ON DIHYDROFOLIC REDUCTASE. C. thews* 
and F.M. Huennekens. Dept. of Biochemistry, Univ. of Wash., 
Seattle, Wash, 

Dihydrofolic reductase, which catalyzes the TPNH=-speci fic 
reduction of 7,8-dihydrofolate to 5,6,7-tetrahydrofolate, has 
been purified approximately 600-fold from chicken liver by 
fractionation with ethanol-chloroform and ammonium sul fate, 
followed by chromatography on hydroxylapatite columns, As 
observed by others, the enzyme exhibits two pH optima (4.5 
and 7.5); at both pH values, tetrahydrofolate was Identified 
by specific enzymatic assays as the reaction product. Folate 
and DPNH can replace dihydrofolate and TPNH, respectively, 
but to a lesser extent and at the acid pH value. With large 
amounts of tetrahydrofolate and TPN, the reaction can be re~ 
versed, An equilibrium constant of 1.5 x 10!! has been 
measured for the reaction In the direction of tetrahydrofolate 
synthesis; using the standard redox potential for TPN-TPNH, 
this corresponds to an Ej value of +0.4 volts for the dihydro- 
folate-tetrahydrofolate system, 








Biochemistry 


UTILIZATION CF PURINES IN THE BIOSYNTHESIS OF THE PTERIDINE 
RING OF FOLIC ACID. Elliott Shaw and Enio Vieira*, Tulane 
University, New Orleans 18, La. 

Previous attempts to demonstrate this utilization have 
failed (Korte et al., Chem. Ber. 90, 1100 (1957)). The 
Corynebacterium sp., from which Hutchings et al. (J. Am. 
Them. Soc. 70, 1 (1948)) first isolated pteroyltriglutamic 
acid, was grown in the presence of adenine-2-C14. The folic 
acid (teropterin) was partially purified, was assayed with 
L. Casei, then degraded by oxidation to 2-amino-4-hydroxy- 
6-pteridinecarboxylic acid. The isolated acid with carrier 
was decarboxylated to 2-amino-4-hydroxypteridine, suitably 
purified on Dowex-50-H. A good correlation between pteridine 
U.V. absorption and radioactivity in successive eluate frac- 
tions was found. A comparison of the specific activity of 
the 2-amino-4-hydroxypteridine with that of the isolated 
RNA purines indicated an efficient incorporation of the 
isotope and the possible utilization of either of the 
purines (or derivative) for pteridine ring formation. In 
contrast, when adenine-8-Cl4 was used, the 2-amino-4- 
hydroxypteridine isolated from teropterin was unlabelled, 
indicating expulsion of carbon 8 in the ring enlargement. 











Biochemistry 


y-°-FORMYLTETRARYDROFOLIC ACID, I'TS OCCURRENCE IN MOUSE 
LEUKEMIC CELLS AND SYNTHESIS BY LIVER EXTRACTS. 

B. T. Kaufman*, L. W. Law, and M. Silverman. Nats. Insts. 
of Health, Bethesda, Md. 

Two cell lines (P-815 and 70429) have been exemined for 
folate derivatives. Cell extracts (in ascorbate) were 
examined by chromatography on DEAE cellulose followed by 
microbiological assay of the fractions obtained. Ail of 
the activity found could be accounted for by monoglutamyl 
derivatives (N1°-formylTHFA, about 80%; N0-formyl THFA, 
about 10%; THFA, about 10%). No polyglutamyl derivatives 
could be detected. In view of the apparent ubiquitous 
occurrence of N10-formylated derivatives in biological 
systems, the ability of tissues to reduce directly N10- 
formylfolic acid to the tetrahydro- level was investigated. 
The reduction of N°-formylfolic by a TPNH-utilizing system 
has been examined in chicken liver extracts. The formation 
of the reduced derivative is stimulated by the presence of 
citrate or EDTA and folic acid. The nature of the reaction 
suggests a mechanism other than direct formyl transfer. 
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Nutrition 
AN UNIDENTIFIED GROWTH FACTOR(S) FROM PLANT SOURCES FOR GUINEA 
PIGS -- AN IMPROVED ASSAY. Sees M. Briggs. Department of 
Nutrition, University of California, Berkeley. 

A two week animal assay for an unidentified growth factor(s) 
has been developed based on growth of the young guinea pig. 
The semi-synthetic diet of Reid and Briggs (J. Nutr. 51, 341, 
1953), complete in all known nutrients, was used as the basal 
ration. Substitutions were made at the expense of starch. 

NIH strain guinea pigs of both sexes, weighing 100-120 gm and 
3-6 days of age, were used. Significant growth responses were 
obtained in two weeks with a number of feedstuffs from plant 
sources, including alfalfa meal (10%), soybean meal (10%), 
stock ration (20%), dried broccoli (10%) and distillers’ sol- 
ubles (2%). As an example, after two weeks, eight groups of 
guinea pigs averaged 158 gm on the basal ration and 185 gm 
with alfalfa meal. Little or no growth increase was obtained 
with Torula yeast, brewer's yeast, whey, wheat, liver residue, 
fish meal, a variety of flavoring agents, additional levels of 
all vitamins, carotene, mixtures of amino acids, or with the 
ash of alfalfa meal. The relationship of this "plant" fac- 
tor(s) to the "grass juice factor" or other reported unidenti- 
fied factors is unknown. Attempts to identify the factor(s) 
are in progress. (The author is indebted to the Nutrition 
Section of the National Institutes of Health where many of the 
experimental data were obtained.) 
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ARDIOVASCULAR SYSTEM 108B! CHEMOTHERAPY 156 ARTHRITIS 


Ds ENDUCRINES 1898% HYPERSENSITIVITY 258Ce 
259E1263Bt INFECTION/RESISTANCE 265A LIVE 
R 2890 PROTEINS/POLYPEPTIDES 379E% VIRUSE 


S 436Ae446F ARTIFICIAL URGANS 
ENDOCRINES 191F 
DETERMINANTS 
ANTIGENS/ANTIBODIES 28C=F#29A030D031DI HYPE ASCITES 


RSENSITIVITY 259A! VIRUSES 436F 


MICROORGANISMS ROTEINS/POLYPEPTIDES 38884 RENAL 4I1E 

ANTIGEN/ANTIBODY REACTIONS 12C1 ANTIGENS/AN 

TIBODIES 298+39¢ ASCORBIC ACID 

SEES VITAMINS=VITAMIN Co 

“BACTERIA 

ANTIGEN/ANTISODY REACTIONS 16EF18E% ANTIGE ASPARAGINE 

NS/ANTIBODIES 220+29CDE+3084 BLOOD 736474E% AMINO ACIDS 10¢ 

INFECTION/RESISTANCE 2650+266C 

“RICKETTSIA ASPARTIC ACID 

ANTIGENS/ANTIBODIES 29F% VIRUSES 437A ENZYMES 224F3 RADIATION 40z2Bt RENAL 4150 
POLYSACCHARIDES ASPARTOCIN 


ANTIGENS/ANTIBODIES 26€+29AB+30A-D! BLOOD 6 
7Ai CARBOHYDRATES 78Ct HYPERSENSITIVITY 26 


0D1261F 12628 ASP 
PROTEINS 
ANTIGEN/ANTIBODY REACTIONS 12AF913F+14Ay19A5 ASP 


ANTIGENS/ANTIBODIES 22ADF e28E+29CH30EFe3IA 
-F+32At BLOOD 74; HYPERSENSITIVITY 26363 
LIVER 290C! PROTEINS/POLYPEPTIDES 382E ASP 


TOXINS ASP 
ANTIGENS/ANTIBODIES 210+23A+32BC+37D+39F3 
YPERSENSITIVITY 262CE# MUSCLE 304C# RADIAT 
ION 4OIC ASS 


TRANSPLANTATIONS 
ANTIGEN/ANTIBODY REACTIONS 1583 ANTIGENS/AN 
TIBODIES 25C+32DEF + 33A-F oe 34A-F e 35A-F e 36A-F 03 


7ABs4OBt BLOOD 72De74F8 CELL/TISSUE CULTUR ATHEROSCLERUSIS 


E 154ACt CHEMOTHERAPY 1560 


ATP 


“AUTOANTIBODIES 
ANTIGEN/ANTIBODY REACTIONS 13As18At ANTIGEN 
S/ANTIBUDIES 23D+37C=Fe38A-FeS9ABCFHUOAt CE ATROPINE 
LL STRUCTURE/FUNCTION 1488 








ANTIPYRETICS 


ARABINOSE 


“TISSUE 
ANTIGENS/ANTIBODIES 33Ce35A038D139C=F e UOAsg, 
41A% CELL/TISSUE CULTURE 151As HYPERSENSI? 
IVITY 259C+262EFs INFECTION/RESISTANCE 266) 
§ LIVER 2890 vIRUSES 4370 

TIMETABOLITES 
AMINO ACIDS 2B+3F% ANTIGENS/ANTIBODIES 3yq; 

HYPERSENSITIVITY 258C# VTIPIOS 285F3 NUC, 
EIC ACIOS/NUCLEOTIDES 358A 


MUSCLE 2970 


SEE: NEUROPHARMACOLOGY~ANALGESIA/ANTIPYRETIt 
Ss 


BODY WATER 75BC 


RESPIRATION 424A4,431B 


ANTIGENS/ANTIBODIES 30F 


DRUG ACTION 1658 


SEE: AMIDASES 


BIOLOGICAL OXIDATIONS SOC# CHEMOTHERAPY 157 
Es DRUG METABOLISM 1748 


ANTIGEN/ANTIBODY REACTIONS 11Cel7F% CONNECT 
IVE TISSUE 159E% HYPERSENSITIVITY 2580+ 262 


ANTIGENS/ANTIBODIES 35A% CELL STRUCTURE/FUN 
CTION 138C+14368+1478! CHEMOTHERAPY 15608 ? 


TOXICOLUGY 433 


ARTYL SEMIALDEHYDE 
AMINO ACIDS 108 


ERGILLI 
ENZYMES 235A:236E 


ERGILLIN 
BLOOD 60F 


HYXIA 
ENDOCRINES 178E% ENVIRONMENT 214F 


AY 

AMINO ACIDS 9B% ENDOCRINES 1910s NUCLEICA 
CIOS/NUCLEOTIDES 361E% VITAMINS 446F 453814 
54C 


SEE: CARDIOVASCULAR SYSTEM@ATHEROSCLEROSIS 


SEE: ADENOSINE TRIPHOSPHATE 


AMINO ACIDS 18% RENAL 412€ 


wD! 


wre 
WTC 


WTO 
IKON 
\ZAG 
ALAS 


120P 


uCI 


MCT 


aaCT 


ARB 
| 


BART 


SARL 
BASAI 
SATS 
BATY| 
SEHA\ 
SENTC 
BENZ 
BENZ ¢ 
SENZF 
SENZ1 
BENZ y 


SENZY 


SETAT 











FeUOAsk, 
ERSENSI 
NCE 266) 


TES 34a; 


Fi NUC 


IPYRETIL 


APY 157 


CONNECT 
8D + 2625 


URE/FUN 
5608 P 
E 


4150 


SLEIC A 
45384 


ROSS 





WOIOGENIC SEIZURES 
SEE: SOUND 


WTOANTIBODIES 
SEE: ANTIGENS/ANTIBODIES-TRANSPLANTATION-AUT 


OANTIBODIES 


WIONOMIC NERVOUS SYSTEM 
SEEs NEUROPHARMACOLOGY=AUTONOMIC AGENTS. 
YROPHYSIOLOGY=AUTONOMIC NERVOUS SYSTEM 


NE 


WTOPSY 
SEEs DEATH 
KKON 
SEEs NEUROPHYSIOLOGY-REFLEXES=AXON 
WIAGUANINE 
ANTIGENS/ANTIBODIES 34A 


WASERINE 
CHEMOTHERAPY 156A 


PROTEINS 
ANTIGENS/ANTIBUDIES 21F 


MCILLI 
GENETICS 2546 +255E% 
ES 3518 


NUCLEIC ACIDS/NUCLEOTID 


MCTERIA 
SEE ALSUt ANTIGENS/ANTIBODIES=-MICROORGANISMS 
-BACTERIAt CHEMOTHERAPY=BACTERIAL# AND 
INDIVIDUAL GENERA OF BACTERIA 


sCTERT OPHAGE 
SEE: VIRUSES-BACTERIOPHAGE 

§ARBITURATES 
ORUG ACTION 1678: ORUG METABOLISM 171DE 
NEUROPHARMACOLOGY 306F+#313C§ NEUROPHYSIOLOGY 
330F% NUTRITION 370B% PSYCHOPHARMACOLOGY 
395AE# RADIATION 398D 


SARIUM 
MINERAL METABOLISM 291E8 


324A 


NEUROPHARMACOLOGY 


BARLEY 
PLANT METABOLISM 373F 


BASAL METABULIC RATE 

ENERGY METABOLISM 206E% LIVER 286A 
SATS 

NEUROPHYSIOLOGY 3270 


SATYL, ALCOHOL 
BLOOD 67F 


SEHAVIOR 


SEE: NEUROPHYSIOLOGY-BEHAVIOR 


HENTONITE 
CELL STRUCTURE/FUNCTION 144) 


SENZOQUINONIUM 
MUSCLE 3048 


3ENZOTHIADIAZINE 
RENAL 411CD 


SENZPHE TAMINE 
OBESITY 3730 


SENZTHIAZIDE 
RENAL 411A 


SENZYLHYDRAZINE 
DRUG ACTION 167E 


SENZYLPENICILLIN 
ANTIGENS/ANTIBUDIES 28F 


SETATNE 
LIPIDS 281A 


SUBJECT INDEX 





BIGUANIDES 
CHEMOTHERAPY 158) 
BILE 
SEE GASTROINTESTINAL~SECRETIONS=BILE, 


BILIVERDIN 
GASTROINTESTINAL 247F 


BIOCHEMICAL INDIVIDUALITY 
SEEs ENZYMES-BIOLOGICAL REGULATION 


BIOLOGICAL YXIDATIONS 


BIOLOGICAL OXIVATIONS 418-Fe42As BLOOD 65Cy 
70E8 CELL STRUCTURE/FUNCTION 145AB% ENZYME 
S$ 237E8 RENAL 4o4c 

CYTOCHROMES 


BIOLOGICAL OXIDATIONS 42B=F e43AKC+44DE,45C 14 
6De47BCe4OD$ CELL STRUCTURE/FUNCTION 145E% 
ENVIRONMENT 208€+210D% GASTROINTESTINAL 24 
2E% NITROGEN METABOLISM 349E 


ELECTRON TRANSPORT 
BIOLOGICAL OXIDATIONS 42ACE+43ABDEF (44 a—Fe45 


A-Fe46A-Fe47ABI4BD+50A-09510% CARBOHYDRATES 
BBE! CELL STRUCTURE/FUNCTION 146B% ENVIRO 

NMENT 209F$ RENAL 4O4C 

FLAVOPROTEINS 
BIOLOGICAL OXIDATIONS 44Ce46Fe47ACDi ENZYME 
S 2208+238Bt VITAMINS 447A 

HYDROXYLASES 
BIOLOGICAL OXIDATIONS 47EF% ENDOCRINES 181A 


| ENZYMES 230A 


OXIDASES#*UXYGENASES 
AMINO ACIDS S5Br6at BIOLOGICAL UXIDATIONS 42 
ADE + 43AC+46A147C,48ABC+50B% BLUOD 6383 CAR 
BOHYDRATES 82At85E+88Bi CARDIOVASCULAR SYSTEM 
126E% CELL STRUCTURE/FUNCTION 147A3 ORUG A 
CTION 165E% ENDOCRINES 180F9183Ae202E3 ENZ 
MES 217A0225F ¢223C+238F% AISTAMINE/ANTIHIST 
AMINICS 258A LIPIOS 272D% MINERAL METABOL 
ISM 219D3 NEUROPHARMACOLOGY 3060C€1+308B:322C3 
NEUROPHYSIOLOGY 344C# PORPHYRINS 376C3 PSY 
CHOPHARMACOLOGY 394E 

OXIDATIVE PHOSPHORYLATION 
BIOLOGICAL OXIDATIONS 45BF+46B+48DEF +49A-F 05 
OA=-Fe51ABt CARBOHYDRATES 8883 CELL STRUCTU 
RE/FUNCTION 1468p TOXICOLOGY 434E 


PYRIDINOPROTEINS 
BIOLOGICAL OXIDATIONS 410+430+51C0 


BIOLOGICAL REGULATION 
SEE: ENZYMES-BIOLOGICAL REGULATION 


BIOLUMINESCENCE 
SEE: LUMINESCENCE 


BIOTIN 

LIPIDS 271F% VITAMINS 447F 
BIRDS 

CARDIOVASCULAR SYSTEM 115A 
BISULFAN 

SEEs DIMETHANESULFONOXYSUTANE (1+4=) 
BLADDER 

RENAL 4060 


BLOOD 
SEE ALSUt RESPIRATION=B_00D GASESe AMINO AC 
TOS 8B% BLOOD SIEFs52A83+62F% BODY WATER 75 
ADF CARBOHYDRATES 79E% CARDIVVASCULAR SYS 
TEM 127E8 CEL-/TISSUE CULTURE 15z2D# CONNEC 
TIVE TISSUE 160€.161B8% ENDOCRINES 189691914 
$ ENVIRONMENT 212E% ENZYMES 217A0239B3 GA 
STROINTESTINAL 253C% HYPERSENSITIVITY 261AE 
t LIPIOS 270B0;274F+282C# MINERAL METABOLI 


SM 295E$ NEUROPHARMACO_OGY 315A! VITAMINS 
447C 

COAGULATIUN 
ANTIGEN/ANTIBODY REACTIONS 148: BLOOD S2c-F 
(S3A-FeSUA-F +55ABC160ANS2AN71E% CARDIOVASCU 
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LAR SYSTEM 91C#QuE ORUGS ACTION 16888 LIPI 


NS 277F 


“~AGENTS#FACTORS 


ANTIGEN/ANTIBODY REACTIONS 110% BLOOD 52F +5 


SABD+S540eS5S50EF e56A-F eS7A-FeS9CDH61CUI CARDI 
OVASCULAR SYSTEM 92E+93Fe133E% CONNECTIVE T 
ISSUE 162°% HYPERSENSITIVITY 2061B% NUTRITI 
ON 365F% VITAMINS 4520 

“FIBRINOLYSIS 
BLOOD SOBIiS7ErSBA=F e5S9A-F e60A-Fr6lAt caRDIO 


VASCULAR SYSTEM O3F% ENDOCRINES 183€ 
-PLATELETS 
ANTIGEN/ANTIBODY REACTIONS 148% BLOOD 5S1E"5 


7E161B-F*#62A167C+698% CARDIOVASCULAR SYSTEM 


133E% HISTAMINE/ANTIHISTIMINICS 257F% HYP 
ERSENSITIVITY 2610% PROTEINS/PULYPEPTIDES 3 
85) 

ERTHROCYTES 

ANTIGEN/ANTIB800Y REACTIONS 19ACD% ANTIGENS/ 
ANTIBODIES 24A'3uBi BLOOD 51F+62B-F+63A168A 
BC+ CELL STRUCTURE/FUNCTION 136ABi CELL/TI 
SSUE CULTURE 15188 ENDOCRINES 196E% ENZYME 


S 2220+228F +2418: LIPIDS 27700279C% NUCLEI 


C ACIOS/NUCLEOTIDES 3558% OBESITY 373c8 Ra 
NIATION 4O2FE RESPIRATION 423E% VITAMINS 4 
53E 

-DESTRUCTION 
BLOOD 638-F164A,65F067F 86909700! CARDIOVAS 


CULAR SYSTEM 95E3 
43D LIPIDS 267F3 
Ss 452E 


CELL STRUCTURE/FUNCTION 1 
NUTRITION 366D% VITAMIN 


-METABOLISM 
BLOOD 64B-F+65A-F 4 
139B+143A 


CEL. STRUCTURE/FUNCTION 


GROUPS 
ANTIGENS/ANTIBODIES 23D+30CDe32A3 
-Fr67A 


BLOOD 664 


HEMATOPOIcSIS 
ANTIGENS/ANTIBODIES 25At BLOOD 51E+678=F 168 
A=-Fe69AGe71ABC#72ABi LIPIDS 267F% NUTRITIO 
N 366F# RADIATION 399€+¢402F 


HEMOGLOBIN 
BLOUD 62E+65¥ 667F+69C=Fe70A=Ft ENDOCRINES 2 
920% ENZYMES 232A% GASTROINTESTINAL 247F% 
GENETICS 254At INFECTION/RESISTANCE 266Ai 


NUTRITION 372F% PORPHYRINS 370B% PROTEINS 
/POLYPEPTIDES 378B+384E+386E+389BF% RESPIRA 
TION 422AE 

LEUKOCYTES 
ANTIGENS/ANTIBUDIES 32F+330e40E% BLOOD 71A- 


Fe72ABC% CARDIOVASCULAR SYSTEM 95E0133Et C 
ONNECTIVE TISSUE 164C% ENZYMES 226E3 GASTR 
OINTESTINAL 2508: HYPERSENSITIVITY 260F+26e 
Ft RADIATION 3996+401F+402A! VIRUSES 437C 


~LEUKEMIA 


ANTIGENS/ANTIBODIES 23C+40B% BLOOD 616+69Br 


72B0% CELL/ZTISSUE CULTURE 153A% CHEMOTHERA 
PY 158B% DRUG ACTION 168E% RAUIATION 4O2F,e 
4o3C 


PLASMA PRUTEINS 

ANTIGEN/ANTIBODY REACTIONS 18F% ANTIGENS/AN 

TIBODIES 26F% BLOOD 51° 57816300 72EF+73A-E3 
CARDIVVASCJULAR SYSTEM 93C+96B1121At! CONNE 

CTIVE TISSUE 160F% ENDOCRINES 183£+203F +205 

ms ENZYMES 2348: wENETICS 255C3 LIVER 288 

At NUTRITION 367F+371D% PROTEINS/POLYPEPTI 

DES 378F e379CDE sy 380AF + 382F 1 383E 0 3B7F 


-ALBUMIN 
ANTIGEN/ANTI300Y REACTIONS 12A3 
TIBODIES 31C=% BLOOD 73F+74A3 
AR SYSTEM 970+100B+119CD8 

ENDOCRINES 205aAF; 


ANTIGENS/AN 
CARDIOVASCUL 
DRUG ACTION 170A; 
ENZYMES 229C% GENETICS 

256Bt INFECTION/RESISTANCE 260A8 LIPIDS 2 
780% NUTRITION 372A% PROTEINS/POLYPEPTIDES 

379B8+381C+387C+3913% RADIATION 401D 


SUBJECT INDEX 





-GLOBULINS 
ANTIGEN/ANTIBODY REACTIONS 12E¢17Fe20E3 ANT 
TGENS/ANTIBODIES 230+248C025A420A027A028D13} 
COeS2Ae37E+SBCH4OAS BLOOD 61Ae73E+74UB=Fy i 


NDOCRINES 179E% HYPERSENSITIVITY 259C+2608; 
INFECTION/RESISTANCE 266A5 NCEUROPHARMACO, 

OGY 3058% NUTRITION 3658+368F% PROTEINS/Pp 

LYPEPTIDES 3788,382E+3870+368D 

STORAGE 
BLOOD 64F 
BLOOD-BRAIN BARRIER 
CELL STRUCTJRE/FUNCTION 144At LIVER 28681 


NEUROPHARMACOLUGY 306F+#322B8% VIRUSES 4yuta 
BLOON FLOW 


SEE: CARDIOVASCULAR SYSTEM=BEOOU FLOW 


BLOOD PRESSURE 


SEE: CARDIOVASCULAR SYSTEM=BLOOUL PRESSURE 


8LOON TRANSFUSION 


SEE: CARDIOVASCULAR SYSTEM=BLOOD VOLUME=TRAW 
SFUSION 
BLOON VESSELS 
SEE: CARDIOVASCULAR SYSTEM=BLOOV VESSE_S 
BLOOD VOLUME 
SEE: CARDIOVASCULAR SYSTEM=6LOOD VOLUME 
BMR 
SEE: BASAL METABOLIC RATE 


BODY FLUIDS 
CARDIOVASCULAR SYSTEM 
+ ENVIRONMENT 2080 


123F% ENVOCRINES 1955 


B30DY TEMPERATURE 
SEE: ENVIRONMENTS 
+ HYPOTHERMIA 


ADAPTATION# HYPERTHERMIA 


PODY WATER 
BODY WATER 75A~-F3 
C+l19F0127E% ENVIRONMENT 208B3 
710F 


CARDIOVASCULAR SYSTEM 112 
NUTRITION 3 


BODY WEIGHT 
CARDIOVASCULAR SYSTEM 92F 


BOL 
NEUROPHYSIOLOGY 344F 


BONE 
SEE ALSU3 
ANTIGENS/ANTIBODITES 34C3 
NTIGENS/ANTIBODIES 25A936C3 
1CFe72D0% BONE 76A-Fe77A-Dt CONNECTIVE TISS 
UE 159F*160F% ENDOCRINES 19488 MINERAL MET 
ABOLISM 292C+293p+294CDE% NUCLEIC ACIDS/NUC 
LEOTIDES 354E% RADIATION 4O3A% TOXICOLOGY 
435A 


CONNECTIVE TISSUE 
RADIATION 399E% A 
BLUOD ©67E,68817 


BONE MARROW 

SFE: BLUOD=HEMATOPOIESISe 50NE 
BRAIN 

SEE: NEUROPHYSIOLOGY-BRAIN 
BRAIN HORMONES 

SEE: ENDOCRINES=BRAIN HORMONES 


BRAIN STEM 
SEE’ NEUROPHYSIOLOGY-BRAIN@BRAIN STEM 


RBRETYLIUM 
CARDIOVASCULAR SYSTEM 
BY 313EF+3173+3190C 


126E% NEUVROPHARMACOLO 


BROMSULFALEIN 
TOXICOLUGY 433A 


BUFFOTENIN 
PSYCHOPHARMACO.OGY 393F 


BULBOCAPNINE 


DRUG ACTION 164Fs NEUROPHARMACULOGY 314E 





gURI 


gUTA 


oF i 


cAFF 


cAFF 


CAL 


CALC 


CALL 


CAN( 


CANT 


CAP 


CAPT 


CARE 


CARE 


CARE 


CARI 


CARI 


OE+ ANT 
At28013) 
MBePy of 
9C 92608; 
HARMACO, 
TEINS/Pp 


28681 
> 44TA 


SURE 


IME=TRAN 


ME 


ES 1955 
THERMIA 


TEM 112 
ITION 3 


SEt A 
168817 
— TISS 
Aw MET 
DS/NUC 
OLOGY 


1ACOLO 


] 





gURNS 
SEE RADIATIONS=THERMALe CONNECTIVE TISSUE- 
WOUND HEALING 

sUTANOL 
CELL STRUCTURE/FUNCTION 143A 

t-FACTOR 


CELL STRUCTURE/FUNCTION 146E 


CAFFEIC ACID 
ENZYMES 234C 


CAFFEINE 


PLANT METABOLISM 374B% PSYCHOPHARMACOLOGY 
3O4uF 

tALC TUM 
SEE ALSU& MINERAL METABOLISM-CALCIUM AND PHO 
SPHOROUS. 


CALCIUM ION 
BLOOD 53E# CARDIOVASCULAR SYSTEM 123DE+126C 
1 ENZYMES 226F$ MUSCLE 300CD+304Fs NEUROP 
HYSIOLOGY 341813460 


CALDARIOMYCIN 
ENZYMES 216C 


cANCER 
SEES 
HEMOTHERAPY=CANCER.s 


ANTIGENS/ANTIBODIES-TRANSPLANTATIONe 
NEOPLASMS 


Cc 


CANDIDA 


SEE ALSUS FUNGI, CARBOHYDRATES 880 
CAPILLARY EXCHANGE 
SEE: CARDIOVASCULAR SYSTEM=BLOOD VESSE_S=-CAP 


ILLARY EXCHANGE 


CAPROIC ACID 
BLOOD 58B 


CARBAMATES 
NEUROPHARMACOLUGY 317F 


CARBAMYL ASPARTATE 
AMINO ACIDS 6E 


CARBAMYL PHUSPHATE 
BIOLOGICAL OXIDATIONS 49C 


CARBAMYL=BETA=ALANINE 
NUCLEIC ACIDS/NUCLEOTIDES 363C 


CARBOHYDRATES 
SEE ALSU3 
TON=CARBOHYDRATES. 


GASTROINTESTINAL=DIGESTION/ABSORPT 
NUTRITION=CARBOHYDRATES. 
AMINO-ACIOS 20s CARBOHYDRATES 77EF% CONN 
ECTIVE TISSUE 163E+164A8 ENDOCRINES 191C3 
ENZYMES 216E% PROTEINS/POLYPEPTIDES 386C 


CHEMISTRY 
CARBOHYDRATES 76a=F% CONNECTIVe TISSUE 159C 
$ FOOD 241F% NUCLEIC ACIOS/NUCLEOTIDES 351 


FeS54E% PROTEINS/POLYPEPTIDES 392A% VITAMI 
NS 44BF 

METABOLISM 
BIOLOGICAL OXIDATIONS 448% BLOUVD 65Dt BONE 


CARBOHYDRATES 79A-F +B0A=F + 81A-F 182818 
CELL STRUCTURE/FUNCTION. 137B8D91408+144 
CELU/TISSUE CULTURE 152C% ORUG ACTION 1 

ENDOCRINES 176€+181C#187C#1880+190ABDE 
ENVIRONMENT 210D¢213F% EN 
GASTRUINTESTINAL 2 


76Bi 
4CcFs 
At 
68CI 
9192C+193B+0199C$% 
ZYMES 216FFt222Fe226BRCES 
43C+247At GENETICS 2558+256Ct LIPIDS 26783 

MUSCLE 302C# NEUROPHARMACOLOGY 314A3 NEU 
ROPHYSIULOGY 34140342C+345E% RENAL 40300415 
Ee4i7CD# VITAMINS 4U7F 


“CITRIC ACID CYCuE 
BONE 76D% CARBOHYDRATES 77E+82A-D16385 CEL 
L STRUCTURE/FUNCTION 145A0147A% ENDOCRINES 
191E% NEUROPHYSTOLOGY 342E% 
| RENAL 41584 VITAMINS 446A 


RADIATION 4O3B . 


SUBJECT INDEX 
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-GLYCOLYSIS 
BLOOD 640F+65DI 
DeB5Fh CARDIOVASCULAR SYSTEM 
ERAPY 156C3 ENDOCRINES 192CF3 


CARBOHYDRATES sOF+62EF183A~ 
116A% CHEMOTH 
ENZYMES 240E 


“HEXOSE PHOSPHATE PATH 
CARBOHYDRATES 81pe63EF+B84A% CONNECTIVE TISS 
UE 162C% ENDOCRINES 1928+199A% ENZYMES 220 
Ne224CD1226E% LIPIDS 272E% MUSCLE 303A 


~MONOSACCHARIDE CONVERSIONS 
CARBOHYORATES 80F+64B=-Fe85A-E+86D+87F4i ENZY 
MES 216642190! LIPIDS 27084 MINERAL METABO 
LISM 292B% NUTRITION 368Ai VITAMINS 450E 


~POLYSACCHARIDES 

BIOLOGICAL OXIDATIONS 44At BLOUD 57D# CARB 
OHYDRATES 77EFtS5Fe86A-F+B7A-Ds CONNECTIVE 

TISSUE 162F9163Cpt HISTAMINE/ANTIHISTIMINIC 
S 256E% HYPERSENSITIVITY 2600% INFECTION/R 
ESISTANCE 265F% NEUROPHYSIOLOGY 343E% RADI 
ATION 398F% VIRUSES 4388% VITAMINS 448F +45 
3 


“SMALL CYCLES 
CARBOHYDRATES &85c+87E% ENZYMES 226A0235EF 
PHOTOSYNTHESIS 
BIOLOGICAL OXIDATIONS 438+458% CARBOHYDRATE 
S 82Fe87F+B8B8A=-Es CELL STRUCTURtE/FUNCTION 13 
500146F% DRUG ACTION 166B% PLANT METABOLIS 
M 374ACE% PROTEINS/POLYPEPTIDES 377E 


CARBON DIOXIDE 

SEE ALSUt RESPIRATION=02+COzZ TRANSPORT, BIO 
“LOGICAL OXIDATIONS 48F% CARDIOVASCULAR SYST 
EM 106D107E% ENVIRONMENT 212E% LIVER 289A 
$ NEUROPHYSIO.OGY 340Fe#342E%! PLANT METABOL 
ISM 375A% RENAL 406De413CHRESPIRATION 423Ae 
424UBCH431AD$ VIRUSES 441A 


CARBON MONOXIDE 
BLOOD 65F%t 
OGEN METABOLISM 349F3 


CARDIOVASCULAR SYSTEMI2ZI1C# NITR 


RESPIRATION 424EF 


CARBON TETRACHLORIVE 
BLOOD 73Ft ORUG METASO_ISM 
7At LIVER 2870¢289AC+1290Ai 
e434E 


L7iFt LIPIOS 27 
TOXICOLOGY 433F 


CARBONIC AC1D 
ENVIRONMENT 212E 


CARBONIC ANHYDRASE 
SEE: RESPIRATION=CARPONIC ANHYDRASE 


CARBOXYLIC ACID 
AMINO ACIDS SE 


CARBOXYPEPTIDASES 
ENZYMES 2173% PROTEINS/PO-YPEPTIDES 384C 

CARCINOGENS 
SEE ALSU! INDIVIDUAL CARCINUGENIC AGENTSe A 
NTIGENS/ANTIBOVIES S33Es359E% CELL STRUCTURE 
/FUNCTIUN I135F% CELL/TISSUE CULTURE 1530915 
4Br1155AC% CHEMOTHERAPY 157B8% ENDOCRINES 184 
AC’ FOOD 241E% LIPIOS 282A! LCIVER 287E+29 
2BEt NEUROPHARMACOLOGY 3268:345DIVIRUSES 43 
BA 


CARDIAC DRUGS 


SEE: CARDIOVASCULAR SYSTEM=-CARDIAC DRUGS 


CARDTAC MUSCLE 


SEE’ CARDIOVASCULAR SYSTEM=CARDLAC MUSCLE: 


CARDIAC OUTPUT 


SEE? CARDIOVASCULAR SYSTEM=CARDLAC OUTPUT 


CARDIOVASCULAR SYS1EM 
CARDIOVASCULAR SYSTEM 88F 1 B9AeFr9OAKCI 
OPHARMACOLOGY 45130+318E 


NEUR 


ATHEROSCLEROSIS 
BLOOD 54E+608% CARDIOVASCULAR SYSTEM 90DEF» 
DIA=Fe92ABs LIPINS 268C6+273B1274F+zB4p} PR 
OTEINS/POLYPEPTINES 3784 
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-EXPERIMENTAL 
BLOOD 60E% CARDIOVASCULAR SYSTEM 92ACDEF +93 
A=FrQ4A=F+95ABi CELL/TISSUE CULTURE 149480) 
S2At ENERGY METABOLISM 2070! LIPIDS 266Fe2 
70DE! NUTRITION 367C 


“~NUTRITIONAL 
CARDIOVASCULAR SYSTEM 900+95C=-F196A-F497Ae11 
4c% NUTRITION 367C 


-PATHOPHYSIOLOSY 
RLOOD 52ct CAXKDIOVASCU_LAR SYSTcCM 97BCDI CE 
LL/ZTISSVUE CULTURE 155A 


BLOOD FLOW 

BLOOD 61B% CARDIOVASCULAR SYSTEM 9OAH9STEF SO 

BA-Fe99A-Fe109AB,111F 0112E*#11400116E+117C0e) 

19AD*120AF¢1218¢122A01350CE#131F% ENDOCRINES 
189C8 ENVIRONMENT 211£5¢212C0213A02140+2158 

$ GASTROINTESTINAL 2424024703 HISTAMINE/AN 

TIHISTIMINICS 256% NEUROPHARMACOLOGY 317A 
RADIATION 3988 


~CEREBRAL 
CARDIOVASCULAR SYSTEM 100C-Fi NEUROPHYSIOKO 
GY 324FeS31E 


-CORONARY 
CARDIOVASCULAR SYSTEM 101A-Fel1OcA-Fr103ABe12 
30+124A001269E012700e134As CELL STRUCTURE/FU 
NCTION 141A 


-MUSCLE 
CARDIOVASCULAR SYSTEM 103C-F+104A=-Dt116C 


-PULMONARY 
CARDIOVASCULAR SYSTEM 98E*99C+104EF+1105A-Fe} 
D6ASFe107A=Fe108AB1111B9118C +1 S5ADF RESPIRA 
TION 425ABCF +4268 +4278 


~RENAL 
CARDIOVASCULAR SYSTEM 108C-Fs109A=F#112CD011 
4ABt NEUROPHYSIOLOGY 348C# RENAL 4O3F+404a 
+405E+406E +4070 


-SKIN 
ANTIGENS/ANTIBUDITES 338% CARDIVVASCULAR SYS 
TEM 110A-0+1300 


BLOOD PRESSURE 
CARDIOVASCULAR SYSTEM 89CD196B+e98Dt100E+110E 
Fell 1A-Fe119A0120F +122Ae1288+130C+#132D;3 MIN 
FERAL METABOLISM 294At NEUROPHARMACOLOGY 312 
EFe313A"317C% NEUROPHYSIO.OGY 328E% RENAL 
4O07D% RESPIRATION 425E 


“HYPERTENSION 
CARDIOVASCULAR SYSTEM 9089102E+107A0112A-Fe1 
13A-Fel14ABCE+115B0124F4 ORUG ACTION 106A% 
ENDOCRINES 178D+180BC# ENVIRONMENT 209€% 
NEUROPHARMACOLUGY 314F+3164+3188% RENAL 408 
M+4100 


-PULSE 
CARDIOVASCULAR SYSTEM 89C0999C+114E+11589120E 
e129Ce1SiFs Ce_L_ STPUCTURE/FUNLTION 1u14at 
FNVIRONMENT 21283 NEUROPHARMACULOGY 314(¢31 
7c 


~RFEGULATIUN 

CARDIOVASCULAR SYSTEM 98C+101E+103C0+1048Ce) 
DEF 0106C +e 10BF 4 109CEe110F 011 2A01 TUDEF + 115A—Fy 
116Ce131E*132E¢1348s ENDOCRINES 177D% ENVI 
RONMENT 212F¢2158% HISTAMINE/ANTIHISTIMINIC 
S 256F% NEJROPHARMACOLOSY 3138+3178%! NEURO 
PHYSIOLUGY 331F% PROTEINS/POLYPEPTIDES 379F 
$ RESPIRATION 423A 


~SHOCK 
ANTIGEN/ANTIB0DY REACTIONS 17D% CARDIOVASCU 
AR SYSTEM 116A=Fe117A-2+1210% HISTAMIWNE/AN 
TIHISTIMINICS 256F% HYSERSENSITIVITY 2o01A3 
MUSCLE 3010% NEUROPHARMACULOGY 315A NEUR 
OPHYSIOVOGY 326C: RENAL 4O7E 


BLOOD VESSELS 
BLOOD 56D+59FeS1c# CARDIOVASCULAR SYSTEM 99 
Fe9IBOr92ACE +94, 95099760 988C +99D9 100041060 
e11TF 0112001140911 7CF 011 BAF el 206 +130C+133F 5 





CELL/TISSVE CULTURE 149A5e152A3 CONNECTIy 
F TISSUE 1590D#160C+162C8 LIPIUS 273B; MUS 
CLE 296F% NEUROPHARMACOLOSY 315C+316B93174; 

NUTRITION 367C% OBESITY 373C8 RESPIRATIO 
N 421Fe¢425E 


~CAPILLARY EXCHANGE 
CARDIOVASCULAR SYSTEM 119A-Fi HISTAMINE/ANT 
THISTIMINICS 256F% HYPERSENSITIVITY 25903 
RESPIRATION 424844250 


“VENOUS RCTURN 
CARDIOVASCULAR SYSTEM 106E91070+110C+120A=0; 
RESPIRATION 425E 


-WAVE TRANSMISSION 
CARDIOVASCULAR SYSTEM 120E%+130E 


BLOOD VOLUME 
BLOOD 72E% CARDIOVASCULAR SYSTEM 98D+10641} 
1OCE*120DFe121ABC+127A0331C+13208 ENVIRONME 
NT 212C 


-HEMORRHAGE 
BLOOD S2B+S4CF+55B+72E% BONE 7OAt CARDIOVA 
SCULAR SYSTEM 100A0116CFt117A0124Ee132D8 EN 
VIRONMENT 208C# NEUROPHARMACOLUGY 31544 VJ 
RUSES 4368 


-TRANSFUSION 
ANTIGENS/ANTIBUDIES 348% BLOOD 72E% CARDIO 
VASCULAR SYSTEM 131C 


CARDIAC DRUGS 
CARDIOVASCULAR SYSTEM 113B000121DEF+122A-Fy} 
23A-E+12500126641278+128A0134Bs CELL STRUCT 
URE/FUNCTION 141¢3% MINERAL METABOLISM 294A; 
NEUROPHARMACOL OGY 3150! NEUROPHYSIOLOGY 3 
26E! RENAL 412¢C 


CARDIAC MUSCLE 
BIOLOGICAL OXIDATIONS 46Fe47Ae49DE CARBOHYD 
RATES 85Fe86A%t CARDIOVASCULAR SYSTEM B8F 189 
AB+110E911600118ne120D09122AD0E +1 23DEF +1 24A-F, 
125A-Fel26A-F 01 27A-F 0 128A-F 0 130801328013381 
CELL STRUCTURE/FUNCTION I137E0141A0147AS CE 
LL/TISSUE CULTURE 149B% ENVIRONMENT 21285 
HYPERSENSITIVITY 259C4 VLIPIOS 270E% MINERA 
L METABOLISM 293DE% MUSCLE 298AD+302CDs NE 
JROPHARMACOLOGY 306E+313AF#316At NEUROPHYS! 
OLOGY 337E% TOXICOLOGY 4330 


-DTSORDERS 

CARDIOVASCULAR SYSTEM 89BF190BF191DE+195E1978 
6102BC+1038+107E4114C0118C+#121E0122B0128F 012 
SAE 

131F¢133F 01348! ORUG ACTION 160A# ENDOCRIN 
FS 194DE% NEUROPHARMACOLOGSY 3138% NEUROPHY 
SIOLOGY 326F% RADIATION 3998% RESPIRATION 
425Ce420Ae43S0E 


~ELECTROCARDIOGRAPHY 
CARDIOVASCULAR SYSTEM 89° +#9000101C#1220+123¢ 
126A*129DFe130ABe134A% ENVIRONMENT 21508 N 
EUROPHARMACOLOGY 313B8% RESPIRATION 428) 


CARDIAC OUTPUT 
CARDIOVASCULAR SYSTEM 1010+102E¢106Be110E#ll 
1A0120AF¢125E60126D+e130C=#0131ABi NEUROPHARM 
ACOLOGY 312E+313a 


-CONTROL 
CARDIOVASCULAR SYSTEM 88F190B0113A0114F 01150 
©120B0124Ce131 Care 1 32A-E% ENVIRONMENT 213E 


-MEASUREMENT 
CARDIOVASCULAR SYSTEM 99£0107D0127A0130CFt13 
1Ae132DF¢133A-0% NEUROPHARMACOLOGY 317A 


CV DISEASE 
CARDIOVASCULAR SYSTEM 908+928+95E+97Ae1330EF 
*134A8% CONNECTIVE TISSUE 159D# ENDOCRINES 
192D! NUTRITION 36539368 =% VIRUSES 446d 


ED&MA 
RODY WATER 75F% CARDIOVASCULAR SYSTEM 123Ft 
124A"134C8 ENDOCRINES 203A% HISTAMINE/ANII 
HISTIMINICS 256£,2578% RESPIRATION 420D+425 
Fe 
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Bi Mus 
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110640) 
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STRUCT 
M 294A) 
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AR BOHYD 
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» 1338) 
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tOPHYS] 


15E9978 
28Fel2 
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.UROPHY 
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D0 123¢ 
50+ N 


10ENN 
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Fell5¢ 
213E 


OcF#l3 
7A 


1 330EF 
CRINES 
446d 


123F 
E/ ANSI 
0D +425 


} 


LYMPH 
ANTIGENS/ANTIBODIES 25F 0260132E+34CDE+ 36F 040 
Et BLOUD 74At CARDIOVASCULAR SYSTEM 116B3 
CONNECTIVE TISSUE 1608! ENDOCRINES 175A8 
GASTROINTESTINAL 244E+252C# LIPIDS 275A8 
IVER 286B8t RENAL 4OSBt RESPIRATION 428F 


L 


thRNOS INE 
MUSCLE 303A 


tMROTID SINUS 


CARDIOVASCULAR SYSTEM 103F+115B8+1132B8% NEURO 
PHYSIOLOGY 333A 

tARRAGEEN 
CONNECTIVE TISSUE 160E% FOOD 241F 

tARROTS 
NITROGEN METABULISM 350A 

(ASTOR OIL 
ANTIGENe ANTIBODY REACTIONS 17E% GASTROINTES 
TINAL 244E 

tATABOLISM 
CARBOHYORATES 84At ENDOCRINES 197F% PROTEI 
NS/POLYPEPTIDES 378C! RENAL 41OEt VIRUSES 


4360! VITAMINS u51E€ 
tATALASE 

SEE: OXIDASES 
CATALYSIS 


ENZYMES 234A 


CATARACTS 
TOXICOLUGY 4350 


CATATONIA 
DRUG ACTION 164F 


CATECHOLAMINES 
CARDIOVASCULAR SYSTEM 1150E+116Ee117A0128A01 
32C# DRUG ACTION 167C# ENDOCRINES 180Ft €E 
NZYMES 23684! NEUROPHARMACOLOGY 313F ¢314F +31 
SBF eSI6AEFS NEUROPHYSIOLOGY 3356+344Ae348C3 
PSYCHOPHARMACOLOGY 39684 RESPIRATION 422F 
§ TOXICOLOGY 43uE 


CATHEPSIN 

ENZYMES 23584 NUTRITION 371C 

CELL ANTIGENS 

SEEs CELL/TISSUE CULTURE=CELL ANTIGENS 


CELL COMPONENTS 
SEE: VIRUSESeCELL COMPONENTS 


cELL DIVISIUN 
ANTIGENS/ANTIBODIES 25E% 
TRUCTURE/FUNCTION 134F0135F 913608 CELL/TISS 
UE CULTURE 148Cs ENDOCRINES 198E# GASTROIN 
TESTINAL 242D% LIVER 287AB% NUCLEIC ACIDS/ 
NUCLEOTIDES 36083 REPROOUCTION 419B% VIRUS 
ES 44S5EF 


BLOOD 68Bt CELL S 


cELL FUNCTION 
SEE: CELL STRUCTURE/FUNCTION 


cELL MECHANISMS 
SEE: HYPERSENSITIVITY=CELL MECHANISMS 


CELL MEMBRANES 
SEE: CELL STRUCTURE*CEL. MEMBRANES 


tELL STRUCTURE SFUNCTION 

ANTIGENS/ANTIBODIES 28Bt BLOOD 61E+62AF 5 
ONE 77C# CARDIOVASCULAR SYSTEM 12488 CELL 
STRUCTURE/FUNCTION 134DEF0135A-Fe1360A-Fe137A 
| ENDOCRINES 2038% ENVIRONMENT 20884 ENZY 
MES 216Bi GASTROINTESTINAL 24483 LIPIDS 28 
3Ci LIVER 287Fs288F+289BCE% MUSCLE 29903 
NUCLEIC ACIDS/NUCLEOTIDES 359Bs PLANT METAB 
OLISM 374E% RENAL 4O4EF?407F 


ACTIVE TRANSPORT 
AMINO ACIDS 2A+ CARBOHYDRATES 81A% CARDIOV 
ASCULAR SYSTEM 1198+e128C8 CELL STRUCTURE/FU 
NCTION 137B=F el 38A=F 01 39A-Fe 1UOA=Fe 141 A=F eld 
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2ABDEt ENDOCRINES 1778+193B8+196E% GASTROIN 
TESTINAL 243CD*2u4D0:92470% GENETICS 255F#! Lv 
IPIOS 277C+2798s MINERAL METABOLISM 29581 
VITAMINS 4518 


CELL MEMBRANES 

ANTIGEN/ANTIBODY REACTIONS 15E+16Di ANTIGEN 
S/ANTIBUDIES 29€+308% B8LO00D 71E% CARDIOVAS 
CULAR SYSTEM 1188+125C# CELL STRUCTURE/FUNC 
TION 134D0¢135C*137Ee 1 SBAECT4OF es 142A=F eo 1 4SAWF 
e144AB0146Bt CELL/TISSUE CULTURE 148E+149D+ 
152B% ENDOCRINES 190A! LIPIDS 270A+279C1 
MUSCLE 297AB+301C+3S04EF# NEUROPHYSIOLOGY 33 
TF e3S39DS41IBe S42Ae345F 2354604 NUCLEIC ACIDS/ 
NUCLEOTIDES 3620s PROTEINS/POLYPEPTIDES 385 
0+390D% RESPIRATION 4240 


CYTOPLASM 
CARBOHYDRATES S2ct CEL. 
135B*136C0s ENZYMES 2358+239Di 
| PROTEINS/POLYPEPTIDES 389E% 


STRUCTURE/FUNCTION 
MUSCLE 304F 
VIRUSES 442A 


MICROSOMES 
AMINO ACIDS 6E# BIOLOGICAL OXIDATIONS 47DE, 
4OF%t CARBOHYDRATES B85C# CELL STRUCTURE/FUN 
CTION 144C-Fe145aBC8 DRUG METABOLISM 172C+1 
73B%t ENDOCRINES 180F+#200D% GASTROINTESTINA 
L 245C* LIPIDS 280BDF+285At PROTEINS/POLYP 
EPTIDES 388B8+390AE+3S91ABE# VITAMINS 450F 


MITOCHONDRIA 

AMINO ACIDS SE# ANTIGEN/ANTIBODY REACTIONS 
16A% BIOLOGICAL OXIDATIONS 4IEC4sF reducer e45 
ADF e46BCEF s47ANUBDEF e49BE+SOCDF#S1A=Dt BLOO 
D 65Et CARBOHYDRATES 838+87E% CELL STRUCTU 
RE/FUNCTION 145DEFe146A=-Fe147A% CHEMOTHERAP 
Y 156Et ENDOCRINES 192Be201C+204Ar206At EN 
ZYMES 2246 e225F 42370 02358AF1239D9240C# GASTR 
OINTESTINAL 245C3 LIPIDS 269As280DF +282E+28 
3D9284At MINERAL METABOLISM 290B% NEUROPHA 
RMACOLOGY 306A! NEUROPHYSIOLOGY 340C# PORP 
HYRINS 376C$ VITAMINS 4S50F 


NUCLEI 
CELL STRUCTURE/FUNCTION 1476=-Fel48ABt CELLS 
TISSUE CULTURE 1558% MINERAL METABOLISM 296 
Bt NUCLEIC ACIDS/NUCLEOTIDES 359£+361A1362F 
§ PROTEINS/PO.~YPEPTIDES 383F 


CELL+ TISSUE CULTURE 
ANTIGEN/ANTIBODY REACTIONS 158+16D+18C%# ANT 
IGENS/ANTIBODIES 240+278+36F% BLOOD 71F+72C 
§ CELL/ZTISSUE CULTURE 148C=Fr149A-F1150A=De 
154ABC+155Bt CONNECTIVE TISSUE 16401 HYPER 
SENSITIVITY 260F3; INFECTION/RESISTANCE 266C 
+ RADIATION 4O2At VIRUSES 436DF 437B 4UOAr 
GUE 442Cmre4usg 


CELL ANTIGENS 


ANTIGEN/ANTIBODY REACTIONS 14B+15E+16Cs ANT 
IGENS/ANTIBODIES 21F e22BE829CDe353A037B3 CEL 
L/TISSUE CULTURE 150EF+151ABt HYPERSENSITIV 


TTY 26283 
6B 


LIVER 289D% VIRUSES 436A044u1B 944 


METABOLISM 


CELL STRUCTURE/FUNCTION 140CE# CELL /TISSUE 


CULTURE 1480+149F0151C-Fel52A=Fi DRUG METAB 
OLISM 17108 ENZYMES 222C+234C+ GENETICS 25 
5Bi PRUTEINS/POLYPEPTIDES 391B# RADIATION 
4OOAt VIRUSES 4uOF 

NEOPLASMS 
ANTIGEN/ANTIBODY REACTIONS 14F+158% ANTIGEN 
S/ANTIBUDIES 37A% CARBOHYDRATES B87At CELL 


STRUCTURE/FUNCTION 136AB+139A0140CE+14580147 
Bt CELL/TISSUE CULTURE 148F+150A0153A-F 9154 
A=-De155Ct CHEMOTHERAPY 156D+157A% CONNECTI 
VE TISSUE 162F! DRUG ACTION 167A! ENDOCRIN 
ES 184B% ENZYMES 226C% LIPIDS 2790+281D+28 
3E% NUCLEIC ACIDS/NUCLEOTIDES. 354C+358D3 Pp 
ROTEINS/POLYPEPTIDES 383F+389Ai VIRUSES 444 
ct VITAMINS 4548 


NUCLEIC ACIDS 
CELL/TISSUE CU-TURE 154EF+155A-E3 
CIOS/NUCLEOTIDES 354C% 


NUCLEIC A 
VIRUSES 444eE 
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CELLULAR REACTIONS CHLORELLA CHR ( 
SEE: ANTIGEN/ANTIBODY REACTIONS=IN VIVO REAC CARBOHYDRATES 798 
TIONS=CELLULAR 
CHLORGUANIDE 
CELLULOSE CHEMOTHERAPY 158) 


BLOOD 63E! NUTRITION 372D% RADIATION 398F 

CHLORIDE ION 

CENTRAL NERVOUS SYSTEM STIMULANTS NEUROPHYSIOLOGY 339 
SEE: NEUROPHARMACOLOGY-STIMULANTS 

CHLORISONDAMINE 

CEPHALINS NEUROPHARMACOLOGY 317E CHR C 
CARDIOVASCULAR SYSTEM 90F% LIPIDS 279 

CHLORO-2*3=PROPANEDIOL DINITRATE (1=) 


CEREBELLUM cannedvaneuah peaven tear 
SEE: NEUROPHYS10_OGY-BRAIN-CEREBELLUM HR 
CHLOROCRUORIN 
CEREBROSIDES BLOOD 69C 


RC 
DS 269&1 N HYSIOLO 43F ¢ 
Uses . en ee CHLOROMERCURIBENZOATE 


CEREBROSPINAL FULID AMINO ACIDS 6E% RENAL 4118 


BODY WATER 75Ai CELL STRUCTURE/FUNCTION 141 

By144Ai ENVIRONMENT 212E! NEUROPHARMACOLOG omeerara ates 
Y 322Bi NEUROPHYSIOLOGY 3304+339F1 PsYeHOP : ony 
HARMACO.OGY 392E4 VITAMINS 4530 ‘ 


CHYL 


CHLOROTHIAZIDE 
satis MINERAL METABO-ISM 29581 RENAL 409E+4104 
SEE! CARDIOVASCULAR SYSTEM=6LOOD FLOW-CEREBR 
aor : - CHLORPHENTERMINE HYDROCHLORIDE 
ALe NEUROPHYSIOLOGY-BRAIN-CEREBRUM qunerurate.eey stents ILI 
ERULOPLASMIN 
CERULOPL CHLORPROMAZINE 


OOD 74D% PRO /PO_YPERPTIDES 38 
1 ahaa r , vid BLOOD 71F# CHEMOTHERAPY 158C# DRUG ACTION 


165C+*170Bt ORUG METABO_ISM 173C% NEUROPHAR | CIRC 


CESIUM 
aeons: METABO<ISM 2958 MACOLOGY 307D+321F% NEUROPHYSIULOGY 3278134 
4Fi PSYCHOPHARMACOLOGY 393E+395AD13964 
CIRR 
CHELATION ¢ 
RLOOD 68C# ENDOFRINES 180F 182&+205C8 MINE oe. ae _ 
RAL METABOLISM 291At RADIATION 4O3C etesadiinarttp iain pa 
CHEMISTRY CHOLANIC ACID 
SEE: CARBOHYDRATES=CHEMISTRYe LIPIDS=CHEMIS LIPIDS 283A 
TRYe MUSCLE=CHEMICAL PROPERTIES 
CHOLFRA ‘ 
CHEMORECEPTURS CELL STRUCTURE/FUNCTION 139F0140A tITR 
RESPIRATION 431C 
CHOLESTADIEN=3 -OL( 7924 
CHEMOTHERAPY LIPIDS 285C LEA 
SEE ALSU! VIRUSES=CHEMOTHERAPY. DRUG ACTION 
167F% DRUG METABOLISM 173A% ENZYMES 236F3 CHOLESTENOL“4-C14 7a 
RADIATION 4O00E LIPIDS 2850 CLIN 
BACTERIAL CHOLESTEROL : 
CHEMOTHERAPY 155F% DRUG METABOLISM 171¢C3 H SEE ALSU8 GASTROINTESTINAL DIGEST ION/ABSORPT | ¢Los 
ISTAMINE/ANTIHISTIMINICS 257C% TOXICOLOGY 4 ION=FAT/CHOLESTEROL. LIPIDOS=STEROLS. ‘AMINO 
33E ‘ — ACIDS 6F# ‘CARDIOVASCULAR SYSTEM 91A092DF19 
3A-D+94A tos 
CANCER ULTURE 149A% ENDOCRINES 176C¢177C+187D0198¢ 


1 ENERGY METABOLISM 20708 GASTROINTESTINAL 


ANTIGEN/ANTIBODY REACTIONS 14EF$ ANTIGENS/A 
. 2U5AB+24BB0! LIPIDS 266F+267E0 427100273802 | cong 


NTIBODIES 40Bt BLOOD 69A# CELL STRUCTURE/F 
UNCTION 136A8 CELL/TISSUE CULTURE 1836s 1540 77B+281Es2824BCEF+28UBC+285CD} NUTRITION 36 
FelS5A% CHEMOTHERAPY 156A-Fe157A=F+15B8ABCI 4Ee363A1367C-F 1 368CDF ¢371F 

DRUG ACTION 167A+9168DE+169C3 DRUG METASOLI . in COBAI 
SM 17304 HYPEKSENSITIVITY 261F1262C} NUCLE c pyre Be “a | 
IC ACIDS/NUCLEOTIDES 3540+358D+360At RADIAT LIPI 10 


ION 403C% VIRU 39F e441 COCA 
ee CHOLINE ' 


AMINO ACIDS 5F% CARDIOVASCULAR SYSTEM 90CI 
CELL STRUCTURE/FUNCTION 13908 ENDOCRINES | | cope 
B3At LIPIDS 2788+280Ar281A$ LIVER 288CD129 | 
YADt NEUROPHARMACOLOGY 318A ( 


PARASITOLUGIC 
CHEMOTHERAPY 1580% RENAL 414F 


CHENODEOXYCHOLIC ACID 
LIPIOS 2838 


CHOLINERGIC AGENTS COEN: 
CHEYNE-STOKES RESPIRATION SEE: NEUVROPHARMACOLOGY=AUTONOMIC AGENTS=CHOL ‘ 
RESPIRATION 430¢ INERGIC ‘ 
CEN; 
CHICK EDEMA DISEASE CHOLINESTERASE 
BODY WATER 75F DRUG ACTION 1658s DRUG METABOLISM 172B1 EN 
ZYMES 2330+236F42398% NEUROPHARMACOLOGY 3185 Cora, 
CHLORAMIPHENE AB+321BC% NUTRITION 371C% PSYCHOPHARMACOL0G ! 
REPRODUCTION 419DE Y Sa, HORAeRee, SAE" 
CHONDROITIN cOLCr 
CHLORAMPHENICOL CARBOHYDRATES 86FS CONNECTIVE TISSUE 163C0 ( 
BLOOD 71F# CELL/TISSUE CULTURE 148C! NUCLE 
IC ACIDS/NUCLEOTIDES 363A CHROMAN tOLD 
BIOLOGICAL OXIDATIONS 50E : 
CHLORDIAZEPUXIDE . 
DRUG METABOLIS™ 171A! NEURUPHARMACOLOGY 305 CHROMATIUM ce 





EeS22F% PSYCHOPHARMACO_OGY 3938 CARBOHYDRATES #3¢ 











GIOA 


ACTION 
UROPHAR 
3278934 
6A 


ABSORPT 
‘AMINO 
192DF 19 


7D +198 
= STINAL 
1273812 
TION 36 


1 90CI 
LINES | 
8CD129 


S=CHOL 


Bt EN 
GY 318 
}AC OL.06 


16300 


tHROMA TOGRAPHY 
SEE ALSU8 GAS CHROMATOGRAPHY. TECHNIQUESe 
AMINO ACIDS 3A% ANTIGENS/ANTIBODIES 30Ft 8 
LOOD 63A+68Ae70F$ CELL/TISSUE CULTURE 155E% 
ENDOCRINES 1850+196AF +e200E+201D+203F e204EtEN 
ZYMES 2398! GASTROINTESTINAL 248E+250E% LI 
PIDS 268Ae269C1278E+2795+280At NUCLEIC ACID 
S/NUCLEUTIDES 3538+354F% PLANT METABOLISM 3 
73F% PROTEINS/POLYPEPTIOES 377Ce381AeSuBAt3 
390% VIRUSES 44uoF 

tHROMIUM AND CHROMIUM COMPOUNDS 
BLOOD 7ODE+ CARDIOVASCULAR SYSTEM 121BC#I 
NUTRITION 364F 


tHROMOGENS 
SEE? PIGMENTS 


tHROMOSOMES 
CELL STRUCTURE/FUNCTION 147C 


tHYLOMICRONS 
SEE BLU0De CARDIOVASCULAR SYSTEM=LYMPH 


tHYMOTRYPSIN 
CARDIOVASCULAR SYSTEM 134C% ENZYMES 230E+23 
4Ds LIPIDS 267cs PROTEINS/POLYPEPTIDES 380 


E 


CILIA 
ANTIGENS/ANTIBODIES 21A8 CELL STRUCTURE/FUN 
CTION 134F91380,142F 


tIRCULATION 
SEE: CARDIOVASCULAR SYSTEM=B8LOOD FLOW 


CIRRHOSIS 
LIPIDS 280A 


cITRIC ACID CYCLE 
SEE ALSU2 CARBOHYDRATES=METABOLISM-CITRIC AC 
TD CYCLE. BONE 76F% CONNECTIVE TISSUE 1620 
ts RENAL 4160¢4170% VITAMINS 447C 


CITRULLINE 
AMINO ACIDS 1C 


tLEARING FACTOR 
CARDIOVASCULAR SYSTEM 970 


CLINICAL NUTRITION 
SEE: NUTRITION@CLINICAL 


tLOSTRIOIA 
LIPIDS 273F 


CLOSTRIDIUM 
AMINO ACIDS 4D# NITROGEN METABULISM 350¢C 


COAGULATION 
SEE: BLUOD-COAGULATION 


COBALT 
BLOOD 68F 


COCAINE 
NEUROPHARMACO.O0GY 3178+322D 


CODE TNE 
HISTAMINE/ANTIHISTIMINICS 257C% NEUROPHARMA 
COLOGY 3118 


COENZYME 1 
SEE: NUCLEIC ACIDS 


tOENZYMES 
SEE: ENZYMES-COENZYMESe NUCCEIC ACIDS 


COFACTORS 
AMINO ACIDS 9E# BIOLOGICA. OXIDATIONS 47E% 
ENZYMES 2248+228D0e237F% VITAMINS 447E 


COLCHICINE 
CELL/TISSUE CU-TURE 148C% CHEMUTHERAPY 156E 


tOLb 
SEE: ENVIRONMENT-HYPOTHERMIA/COLD 


COLLAGEN 
SEE ALSU8 CONNECTIVE TISSUE. AMINO ACIDS IE 
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| CONNECTIVE TISSUE 160C+161ACDE+104C% PRO 
TEINS/POLYPEPTIDES 3800+3828+386D 


COLLOIDS 
RENAL 413F 


COMPLEMENT 
SEEs ANTIGEN/ANTIBODY REACTIONS=NONSPECIFIC 
FACTORS=COMPLEMENT 


COMPLEX LIPIDS 
SEEs LIPIDS-CHEMISTRY=COMP_EX LIPIDS 


COMPUTER TECHNIQUES 
ANTIGEN/ANTIS0DY REACTIONS 20C 


CONCUSSION 
NEUROPHYSIOLOGY 329C 


CONDITIONED REFLEXES 
SEEs NEVROPHYSIOLOGY-REFLEXES=CUNDITIONED 


CONGENITAL DEFECTS 
RESPIRATION 426A+431C 


CONNECTIVE TISSUE 
ANTIGENS/ANTIBODIES 29C+34Ai BLOOD 618% 80 
NE 77CD% CARDIOVASCULAR SYSTEM 1146+119F% 
CONNECTIVE TISSUE 158EF+159A-Fel160ABt NEURO 
PHYSIOLUGY 345A PROTEINS/POLYPEPTIDES 3828 


DISORDERS 
ANTIGEN/ANTIBODY REACTIONS 17F% BLOOD 7203 
BONE 77B8 CARDIOVASCULAR SYSTEM 118E% CON 
NECTIVE TISSVE 159D-160C-F*161AB%! HYPERSENS 
ITIVITY 25803 MINERAL METABOLISM 29383 TOX 
ICOLOGY 435A 


METABOLISM 
CONNECTIVE TISSUE 161C-F+16Z2ABC1163F+164A5 
DRUG ACTION 165¢ 


MUCOPOLYSACCHARIDES 
CARBOHYDRATES 77F+78B% CONNECTIVE TISSUE 16 
1Fe162ABDEF+1635a—-Fe164A3t DRUG ACTION 165C3 
ENDOCRINES 192p% ENZYMES 2350+236D%! GAST 
ROINTESTINAL 249A% HYPERSENSITIVITY 26308 
NUCLEIC ACIDS/NUCLEOTIDES 361F 


WOUND HEA.ING 
CONNECTIVE TISSUE 158F#159As164CDE% GASTROI 
NTESTINAL 242E% HISTAMINE/ANTIHISTIMINICS 2 
57A% NEUROPHYSIOLOGY 326C+345Ai NUTRITION 
369D% VITAMINS 447A 


CUNSCIOUSNESS 
NEUROPHYSIOLOGY 329C+3378 


CONTRACTION 
SEE: MUSCLES CONTRACTILE PROTEINS# CONTRAC 


TION 


CONVULSANTS 
SEE: NEVROPHARMACOLOGY=CONVULSANTS 


coomes? TEST 
BLOOD 630 


COPPER 
BIOLOGICAL OXIDATIONS 44E% CARUIOVASCULAR S 
YSTEM 118E% CONNECTIVE TISSUE 160C# ENDOCR 
INES 2044+205C# ENZYMES 217C# MINERAL META 
BOLISM 296B8C% PROTEINS/POLYPEPTIDES 380F% 
RENAL 4O5C 


COPROPHAGY 
NUTRITIUN 369F 


CORI CYCLE 
CARBOHYDRATES 61p 


CORN OIL 
DRUG ACTION 168A 


CORONARY 
SEE: CARDIOVASCULAR SYSTEMS BLUOD FLOW=CORO 
NARY#$ CARDIAC MUSCLE# CARDIAC OUTPUT 
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CORONARY 8LUOD FLOM CYSTATHIONINE 0 
SEEt CARDIOVASCULAR SYSTEM-BLOOD FLOW=cORONA ENZYMES 230C 
RY 
CYSTEINE 0 
CORTICOIDS PROTEINS/POLYPEPTIDES 38083 VITAMINS 4uga 
ENDOCRINES 180A 
CYSTINE 60 
CORTICOSTERONE ENZYMES 218F+229A+230C1 NUTRITION 37101 &% 
CARDIOVASCULAR SYSTEM 1128+117Ai CELL/TISSU OTEINS/POLYPEPTIDES 3808! VITAMINS 449, 
F CULTURE 148F# DRUG ACTION 160A! ENDOCRIN st0 
FS 176C+180C+183C11e4F+18589186A! ENZYMES z CYTIDINE 
SIC CELL STRUCTURE/FUNCTION 147Ft NUCLEIC acins 
/NUCLEOTIDES 361p 160) 
CORTICOSTERVIDS j 
ENZYMES 2250 CYTIDINE OIPHOSPHATE-DIGLYCERIDE 
LIPIOS 281¢ £0) 
CORTTSOL 
SEE! HYQROCORTISONE. CYTOCHROMES 
SEEt BIULOGICA~ OXIDATION CYTOCHROMES! g] 20; 
CORT TSONE IDASES 
ANTIGENS/ANTIBODIES 37A$ 8.000 72At CARBOH 
VDRATES 83F1 CARDIOVASCULAR SYSTEM 116E+117 CYTOPLASM sePk 
Ci DRUG METABOLISM 17071 ENDOCRINES 179D+1 SEE: CELL STRUCTURE=CYTOPLASM 
R5A+1880+1928Ci ENERGY METABOLISM 2O7C1 HY 
PERSENSITIVITY 260F! INFECTION/RESISTANCE 2 sESE 
64Fi LIVER 2886428981 PROTEINS/POLYPEPTIDE D 
$ 37903 VIRUSES 4uIE 
ESP 
COTTONSEED VIL - 
a oe SEE! DESOXYCORTICOSTERONE 
COUGH sea 
HISTAMINE/ANTIMISTIMINICS 257C dens taveneTemine 150 
COUMADIN, _— 
ane BIOLOGICAL OXIDATIONS 50F 
coumantc AIO, seanou a 
' SEE! DIMETHYLAMINOETHANOL 
OO, sears 
ANTIGENS/ANTIBODIES 34D! BLOOD 60A see 
COUNTERCURRENT DISTRIBUTION : 
DECARBOXYLASES 
Pp a 
PROTEINS/PO.YPEPTIDES 3770 es SEsaaees 
0ETO 
COXSACKIE DEET 
-EN ™ 
SEE! VIRUSES-ENTEROVIRUSES-COXSACKIE SEE! DIETHYL=M-TOLUAMIDE (NEN) Pa 
CREATINE 
DEFICIENCY DISEASES | 
ENZYMES 2308! MUSCLE 302At NEUROPHYSIOLOGY sake Gutectionveceenate 
3410 dEXT| 
DEHYDRATION | 
CREATININE 
a oe CARDIOVASCULAR SYSTEM 119F 
E HOLE 
CROSS REACTIONS ser TPIDS 2620+2650 sex 
SEE ANTIGEN/ANTIBODY REACTIONS=CROSS REACTI | 
_— DEHYDROFOLIC ACID ‘ie 
ENZYMES 227€ 
CROTALARIA sian . , 
ova “ i 
CARDIOVASCULAR SYSTEM 1180! TOXICOLOGY 432A suvenbetieien 


ANTIGEN/ANTIBOD0Y REACTIONS 16As BIOLOGICAL | DUAL’ 
OXIDATIUNS 43E+uuCe4SEe46A=e47A051DI BL000 
63Ct CARBOHYDRATES 79F +81" +82EF + 83BE+B40F! 
CELL STRUCTURE/EUNCTION 144F8 CONNECTIVE Tf JAM 
ISSUE 162Ai ENDOCRINES 1960+¢201Be206C1 EN 
YMES 216A021700218A022039221CDs222AE 0 224C0E 
229F #230D0231C0s238BDEr239DE+24UBF$ GASTRO} DIAM] 
NTESTINAL 242E1 GENETICS 254Fez56C# LIPIDS ‘ 
272AD+275B8+284F$ LIVER 2870! MUSCLE 301F1) 
93B1 NEUROPHYSIOLOGY 339C+343D1345A3 pap OTAMC 
OTEINS/POLYPEPTIDES 39063 PSYCHOPHARMACOL: é 
y 394CI RAQJIATION 398C+40368 RENAL 40881 


CRYSTALLIN 
PROTEINS/POLYPEPTIDES 380C 


CUSHING*S SYNDROME 
ENDOCRINES 1798 


CV DISEASE 
SEE: CARDIOVASCULAR SYSTEM=CV DISEASE 


CYANTIC ACID 
PROTEINS/POLYPEPTIDES 377C 


DIAMC 
CYCLOPENTANEDIONE ee a F 
ENZYMES 216C DEHYDROISOANDROSTERONE 
ENZYMES 224u¢ 
CYCLOPENTHIAZIDE ae 
RENAL 4OOF DELNOV 
XICOLUGY 4328 
CYCLOPHOSPHAMIDE ere mine gee 
TOXICOLYGY 434C DEMETHYLCHLURTETRACYCLINE . 
DRUG METABOLIS™ 1718 
CYCLOPROPYL=3+5=DICHLORO=4-AMINU BENZAMIDE(N~) dIBRO 
NEUROPHARMACO.UGY 323E DENATURATION 8 
ANTIGEN/ANTI300Y REACTIONS 1108 ENZYMES 22! 
CYST Dt NUCLEIC ACIDS/NUCLEOTIDES 353A3 PROTEIN D1Buc 





NEUROPHYSIOVOGY 3428 S/PULYPEPTIDES 3800+3823 D 








NS 449A 


S7T1AL PR 
449A 


-1C ACIDs 


MESS 


c=) 
= 


OGICAL 
B.000 
eB40Fi 
CTIVET 
Cs EN 
224C0E: 
GASTRO! 
LIPIDS 
SO1F I} 
Pi 
MAC OLDE 
4088! 


AES 221 
>ROTEIN 


sOKY=5-KETUURONIC ACID(4=) 
CARBOHYDRATES 66D 


fOXYCYTIOINE 
NUCLEIC ACIDS/NUCLEOTIDES 3580 


sf0OXYGLUCOSE (=2) 
ORSG ACTION 166€ 


sf0XY GUANYLATE 
VIRUSES 4398 


FOXY HEXOSES (6~) 
CARBOHYDRATES 848 


)EOXYPYRIDOXINE 
MINERAL METABOLISM 294E 


)EPAMINE 
CARDIOVASCULAR SYSTEM 890 


pEPRESSANTS 
SEE! NEUROPHARMACOLOGY-DEPRESSANTS 


JESERPIDINE 
PSYCHOPHARMACO.O0GY 393D 


)ESMOLASES 

AMINO ACIDS 10£% ENDOCRINES 20UAt ENZYMES 
216C+230F ¢234C1239C8 HISTAMINE/ANTIHISTAMIN 
1cS 2570 


nESOXYCORTICOSTERONE 

CARBOHYDRATES 818% CARDIOVASCULAR SYSTEM 11 
2Ee13533F% INFECTIONS/RESISTANCE 264F3 MINER 
AL METABOLISM 29584 MUSCLE 301C3 RENAL 4048 


)ETERGENTS 

BIOLOGICAL OXIDATIONS 42C# BLOUD 5S7A%# NEUR 
OPHYSIOLOGY 341E+346F% RESPIRATION 420Dt vy 
TRUSES 437F 


DETERMINANTS 
SEE: ANTIGENS/ANTIBODIES-DETERMINANTS 


DETOXICATION MECHANISMS 
PROTEINS/POLYPEPTIDES 388F 


DEXAME THASONE 
CELL/TISSUE CU-TURE 148F%! ENDOCRINES 179A 


DEXTRAN 
BLOOD 61C# CE. STRUCTURE/FUNCTION 1418% H 
ISTAMINE/ANTIHISTIMINICS 256€¢257B% RENAL 4 
12F 


DEXTRIN 
CARBOHYDRATES 6B 


DIABETES MELITUS 
SEEs ENDOCRINES=INSULIN@-OIASETES MELLITUS 


DIALYSIS 
ENDOCRINES 205F 


DIAMINE OXIDASE 
ENZYMES 237F 


DIAMINOPIMEWIC ACID 
AMINO ACIDS 10A 


dIAMOLASES 
ENZYMES 2320 


DIAMOX 
RENAL 409A 


DIAPHORASE 
SEE: DEHYDROSENASES 


DIBENZYLINE 
CARDIOVASCULAR SYSTEM 116E 


DIBROMOPHENUL 
BIOLOGICAL OXIDaTIONS 500 


DIBUCAINE 
DRUG ACTION 167) 
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DICARBAMOYLUXYMETHY| =3=METHYLPENTANE (202-) 
CARDIOVASCULAR SYSTEM 113BCDF 


DICHLORODIAMINES 
REPRODUCTION 4118p 


DICHLORODIPHENYLACETIC ACID 
TOXICOLUGY 4336 


DICHLOROISOPROPYLARTERENOL 
DRUG ACTION 166C+168C# NEUROPHARMACOLOGY 31 
4C+315DE+316Cr+319F 


DICHLOROPHENOXY=ACETIC ACID(204~) 
ENVIRONMENT 214E 


DICHLOROVINYL=L=CYSTEINE(S=) 
AMINO ACIDS 3C 


DICOUMAROL 
BLOOD S3F S5CF 


DIENCEPHALON 
NEUROPHYSIOLOGY 3330+3378+345C +3498 


DIET 
SEEs AMINO ACIOS=NUTRITIONe CARDIOVASCULAR 
SYSTEM~ATHEROSCLEROSIS=NUTRITIONAL 


DIETHYL=<M-TJULUAMIDE (NeN@) 
TOXICOLUGY 432E 


THIOPHOSPHATES 
NEUROPHARMACOLOGY 307F 


DIETHYLSTILBESTROL 
ENDOCRINES 164A 


DIFFUSION 
SEE: ANTIGEN/ANTIBODY REACTIONS=PRESCIPITATI 


ON-DIFFUSION 


DIFLURO=202-DICHLOROETHYL METHYL ETHER(1+1-) 
NEUROPHARMACOLOGY 312B 


DIGITALIS 
CARDIOVASCULAR SYSTEM 122Fi RENAL 412¢ 


DIGITOXIN 
CARDIOVASCULAR SYSTEM 121F*122C 


DIGOXIN 
CARDIOVASCULAR SYSTEM 121F 123A 


DIHYMROCHOLIC ACID 
GASTROINTESTINAL 246E 


DIHYDROFOLATES 
NUCLEIC ACIOS/NUCLEOTIDES 361E% VITAMINS 
453F 


DIHYDROTACHYSTERO.W 
ENDOCRINES 194A 


DIHYDROXY ACID 
AMINO ACIOS 11A8 


DIHYDROXYPHENYL=L=ALANINE (S3ETAt3¢4=) 
NEUROPHYSIOLOGY 344A 


DIHYDROXY=N=METHYLINDOLE (5+6-) 
ORUG METABOLIS” 173F 


DIHYOROXYPHENYLAMINE 
DORUG METABOLISM 172E% NEURUPHARMACOLOGY 306 
ct NEUROPHYSIOLOGY 3444 


DIHYNROXYPRUGESTERONE 
ENDOCRINES 200F 


DIIODOTHYRONINE(3¢5¢) 
FNDOCRINES 2046 


DITSOPROPYLFLUDROPHOSPHATE 
DRUG ACTION 165E 


DIMETHANESU_FONOXYBUTANE(1¢4-) 
TOXICOLUGY 4350 
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DIMETHYL=2*4 OXAZO-IDINEDIONE (595~) 
RESPIRATION 431E 


DIMETHYL-3-PHENYL=3=PROPIONOXYPYRROLIDINE(1¢2) 
NEUROPHARMACOLUGY 309C 


DIMETHYL~3-PHENYL=3=PYRRODY. PROPRIONATE HCu 
NEUROPHARMACOLOUGY 309F 


DIMETHYLAMINOETHANOL 
LIPIOS 281A% NEUROPHARMACOLOGY 320F 


DIMETHYLAMINO BENZOYL METHY RESERPATE 
NEUROPHARMACOLUGY 3200 


DIMETHYL~BETA=PROPIOTHETIN 
LIPIOS 270F 


DIMETHYLCYSTEINE(3+#3-) 
BLOOD 74C 


DIMETHYLETHANOLAMINES 
LIPIDS 2788! NEUROPHARMACOLOGY 3148 


DIMETHYLGLYCINE 
BIOLOGICAL OXIDATIONS 44C 


DIMETHYLTRYPTAMINE 
ENZYMES 236A 


DINITROPHENYLAMINO ACID 
BIOLOGICAL OXIVATIONS SOCDF% PROTEINS/POLYP 


EPTIDES 3820 


DINITROPHENOL 
CARDIOVASCULAR SYSTEM 131E% MUSCLE 3008 


DIODRAST 
RENAL 4I13E 


DIPHENHYDRAMINE 
HISTAMINE/ANTIMISTIMINICS 257C 


DIPHENYL~P=PHENYLENEDI AMINE 
FOOD 2410 


DIPHENYLACETIC ACID 
DRUG ACTION 165F 


DIPHENYLHYDANTOIN 
NEUROPHARMACOLOGY 323C# NEUROPHYSIOLOGY 329 
F 


DIPHENYLYLETHYLACETI¢c ACID 
LIPIOS 281€ 


DIPHOSPHATES 
CARBOHYDRATES B84E% LIPIOS 278At NUCLEIC AC 


IDS/NUCLEOTIDES 356C 


DIPHOSPHOGLYCERATE 
BLOOD 65A 


DIPHOSPHOPYRIDINE NUCLEOTIDE (COENZYME 1) 
SEE: NUCLEIC ACIDS =NUCLEOTIDES 


DISULFIDES 
BLOOD S7At ENDOCRINES 188%+197E% ENZYMES 2 
19Fe220At PROTEINS/POLYPEPTIDES 380B1383Ai 
RENAL 4078 


DITHIOOXAMIDE 
RADIATIUN 4O00D 


DIURESIS 
SEE: RENAL FUNCTION=DIURESIS 


DIURETICS 
SEEs RENAL-DIURESIS/DIURETICS 


DIURIL 
SEEs CHLOROTHIAZIDE 


DIURNAL MEASUREMENTS 
CARBOHYDRATES 86At CARDIOVASCULAR SYSTEM 12 
9E% ENERGY METABOLISM 207A% ENVIRONMENT 21 
40 








DMPP 
NEUROPHARMACOLUGY 3198 


DNA 
SEE’ NUCLEIC ACIDS: CHEMISTRY=UNAt METAB) 
ISM=DNAt SYNTHESIS=DNA ; 


DOCA 
SEEs DEUXYCORTICODESOXYCORTICOSTERONE 


DOLPHINS 
NEUROPHYSIOLOGY 3290 


DOPA 
BIOLOGICAL OXIDATIONS 47F 


DOPAMINE 
SEE: DIHYDROXYPHENYLAMINE es 


DORMISON 
SEE: METHYLPARAFYNOL 


DPN (COENZYME 1) 
SEE: NUCLEIC ACIDS/NUCLEOTIDES 


DROSOPHILA 
NUCLEIC ACIOS/NUCLEOTIDES 353E 


DRUG ACTION 
ANTIGENS/ANTIBUDIES 27F% BLOOD 53F +585, 59A) 
BONE 76A% CARDIOVASCULAR SYSTEM 94B,98B19 
90+#102B8+10409110001268% CEuL STRUCTURE/FUN 
TION 143E% DRUG ACTION 1646 +165ABC8 ENDOC 
INES 205C3 ENZYMES 219A40237C% GASTROINTES; 
INAL 251C8 INFECTION/RESISTANCE 264B8 LIV 
R 288B% MINERAL METABO.ISM 2938% MUSCLE 3 
3Fi NEUVROPHARMACOLOGY 305&+310F% NEUROPHYS 
TOLOGY 33983 REPRODUCTION 416E% TOXICOLOGY 
4350 


COMPETITIUNS 

BLOOD 52E+530% CARDIOVASCULAR SYSTEM B9EI 
CHEMOTHERAPY 15884 DRUG ACTION 165DEF+166A) 
168Dt DRUG METABOLISM 1710E0172B% ENDOCRIN 
ES 197F% GASTROINTESTINAL 252A% MUSCLE 304 
Bt NEUROPHARMACOLOGY 305F#311D0317F e321€t 
PSYCHOPHARMACOLOGY 396De397E% RENAL 410E94) 
7A 


MECHANISM 
CARDIOVASCULAR SYSTEM 118F#119E9122C3 DRUG 
ACTION 166B-Fel67A=Fe168A-=s169F8 DRUG META 
ROLISM 171E¢174As; ENDOCRINES 182C# GASTRO! 
NTESTINAL 243F9252At HISTAMINE/ANTIHISTIMIN 
a NEUROPHARMACOLOGY 306F¢311C+313F, 
317 


QUANTITATION 
CARDIOVASCULAR SYSTEM 100B+106C+121F% ORUG 
ACTION 169A*D! NEUROPHARMACOLOGY 3160 


SITE 
CHEMOTHERAPY 157A% DRUGS ACTION 169EF¢170A8! 
NEUROPHARMACOLOGY 320C 


DRUG EFFECTS 
SEE: CARDIOVASCULAR SYSTEM=CARDIAC ORUGS. 
RUG ACTION. DRUG METABOLISM. PSYCHOPHARMAL 
OLOGY-DRUG EFFECTS. TOXICOLOGY=DRUG 


DRUG METABO.ISM 
BLOOD 62E# S800Y WATER 75E% CARDIOVASCULAR 
SYSTEM 113E% CELL STRUCTURE/FUNCTION 137A! 
CHEMOTHERAPY 156B% ORUG ACTION 165C€19167E!! 
68E+169F$ DRUG METAROLISM 170C=Fe171A-Fel% 
A=Fel73A-Fel74A=p% ENDOCRINES 192A% ENZYME 
S 227Fi GASTROINTESTINAL 242Becu6Ar250C! 4 
TSTAMINE/ANTIHISTIMINICS 2570% LIPIDS 2778 
NEUROPHARMACOLOGY 306£+308E+309CD+310A803! 
1Fe318Al NEUROPHYSIOLOSY 329F e330A034UE! A 
TTROGEN METABO.~ISM 350B% RADIATION 39903 f 
FNAL 415A% TOXICOLOGY 43473 VITAMINS 4468 
4UugeE 


DYES AND STAINS 
SEE: INDIVIDJA~ AGENTS 








eCHC 


sDEP 


£GGS 


FLEC 


ELE 


ELEC 


ELE 


SLE 


ELEC 


ELE 


ELE 


ELE 


EMBI 


FMB, 


EME: 


EMP) 


METABO, 


58F + 59h) 
4B 98B19 
URE/FUN 

ENDOCR 
ROINTES; 
Bt LIVE 
USCLE 3) 
EUROPHYS 
XICOLO6y 


M B9EI 
EF + 166A) 
ENDOCRIN 
SCE 304 
»S21Et 
410Er4) 


| = DRUG 
RUG META 
GASTRO] 
{ISTIMIN 
'Co3i3F, 


DRUG 
1°) 


01 70AB! 


UGS. 0 
PH ARMAL 


\SCULAR 
| V37AI 
9 167Et! 
Am-Fol lc 

ENZYME 
Soci i 
S 27781 
10A893! 
Guei i 
9901 Rf 
S 4uBb 


sCHO 
SEE: VIRUSES-ENTEROVIRUSES=ECHO 
s0EMA 
SEE: CARDIOVASCULAR SYSTEM-EDEMAs’ RESPIRATI 
ON-PULMUNARY EDEMA 
£6GS 
ENDOCRINES 1996% NUTRITION 363F+360Bt PROT 
FINS/PO.YPEPTIDES 382C%! REPRODUCTION 419A 
fLASTASE 
SEEs PRUTEASES 
fLASTIN 
CONNECTIVE TISSUE 160C% PRUTEINS/POLYPEPTID 
ES 378A 


FLECTRICAL POTENTIAL 
SEE: NEUROPHYSIOLOGY-ELECTROPHYSIOLOGY 


ELECTROCARDIOGRAPHY 
SEE: CARDIOVASCULAR SYSTEM-CARDIAC MUSCLE=EL 
ECTROCARDIOGRAPHY. NEUROPHYSIOLOGY-ELECTROP 
HYSIOLOGY 


fLECTRODES 
CARDIOVASCULAR SYSTEM 114Fe126A% NEUROPHARM 
ACOLOGY 308C% NEUROPHYSIOLOGY 5260+¢337C+34)1 
C+3470% RESPIRATION 4228 


ELECTROENCEPHALOGRAM 
NEUROPHARMACOLOGY 320A"322EF% NEUROPHYSIOLO 
GY 3278+3290 +3316 0332E+13338e35354CD0 1355581 336Fe 
34OAt PSYCHOPHARMACOLOGY 3948 


SLECTROLYTES 

SZE ALSU&S GASTROINTESTINAL =DIGESTION/ABSORPT 
TON-WATER/ZELECTROLYTESe RENAL=ELECTROLYTE E 
XCRETIONe CARDIOVASCULAR SYSTEM 117F+118A01 
28CD% CELL STRUCTURE/FUNCTION 138Fe147C8 €E 
NVIRONMENT 215F% HYPERSENSITIVITY 261F8 MI 
NERAL METABOLISM 293EF% MUSCLE 3010! NEURO 
PHYSIOLUGY 328F+339F% NITROGEN METABOLISM 3 
49Cs RENAL 4O06As REPRODUCTION 4188 


ELECTRON MICROSCOPY 
SEE ALSU: VIRUSES-ELECTRON MICRUSCOPY. ANTI 
GEN/ANTIBODY REACTIONS 12F% CELL STRUCTURES 
FUNCTION 136CD*14608 INFECTION/RESISTANCE 2 
660% LIVER 286EFI NUCLEIC ACIOS/NUCLEOTIDE 
§ 352E% RADIATION 402Dt RENAL 408E+412F 


ELECTRON TRANSPORT 
SEE: BIVLOGICA~ OXIDATION“ELECTRON TRANSPORT 


ELECTROPHORESIS 
SEE ALSUS ANTIGEN/ANTIBODY REACTIONS=PRESCIP 
TTATION@ELECTROPHORESISe ANTIGEN/ANTIBODY R 
FACTIONS 130% ANTIGENS/ANTIBODIES 290+ BLO 
OD 53A¢57A+620973DF +74DE% ENDOCRINES 18383 
ENZYMES 2230+229C% NEUROPHYSIULOGY 34283 
PROTEINS/POLYPEPTIDES 3788+380A1387D 


ELECTROPHYSLOLOGY 
SEE: NEUROPHYSIOLOGY-ELECTRUPHYSIOLOGY 


EMBOLT 
SEE: THROMBI 

EMBRYOLOGY 
ANTIGENS/ANTIBUDIES 27C+40E%4 CARBOHYDRATES 
R83E% ENDOCRINES 194E% ENZYMES 222C3 GENET 
TCS 253F% INFECTION/RESISTANCE 265A1 LIPID 
S 2813% MINERAL METABOLISM 2936+296C# NEUR 
OPHYSIOLOGY 3410s NUCLEIC ACIDS/NUCLEOTIDES 
360A% RADIATION 3984% RENAL 4U4CE REPRODU 
CTION 418Bt RESPIRATION 41cFe4zOBFs VIRUSE 
S 436B5 VITAMINS 4518 


EMESTS 
DRUG ACTION 169E3 NEUROPHARMACOLOGY 320C 
EMPHYSEMA 


CONNECTIVE TISSUE 160D% RESPIRATION 427C 
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EMYLCAMATE 
PSYCHOPHARMACO.OGY 394D 


ENCEPHALITIS 
VIRUSES 444D 


ENCEPHALOMA_ACIA 
NUTRITION 3688 


ENDOCRINES 
BIOLOGICAL OXIDATIONS 48D! CARDIOVASCULAR S 
YSTEM 93A097F% ENDOCRINES 174EF0175A-Fe176A 
BCe204Et ENZYMES 223Ci RESPIRATION 422F 


ADRENAL CURTEX 


ANTIGENS/ANTIBODIES 2384 BIOLOGICAL OXIDATI 


ONS 4IE#t CARBOHYDRATES 818% CARDIOVASCULAR 
SYSTEM 1123+11500117A0133=% CONNECTIVE TIS 
SUE 16283 DRUG ACTION 166A% ORUG METABOLIS 
M 170F% ENDOCRINES 174° +1 76ADEF0177A-Fe178A 


-Fel79A=Fe 1BOAWF e181 AF e182A4801840F 118583 
NVIRONMENT 21028 HISTAMINE/ANTIHISTIMINICS 
256F% INFECTION/RESISTANCE 264F% LIPIDS 27 
6E+282Fe283C+284CC%8 NEUROPHARMACOLOGY 321F% 
RENAL 4O4F+4126e413B% REPRODUCTION 41B8C3 
VIRUSES 441E 


E 


ADRENAL MEDULLA 
ANTIGENS/ANTIBUODIES 4OFS 
TEM BSEVITIEtl17A0133F3 


CARDIOVASCULAR SYS 
ENDOCRINES 182C-Fel 


S3A%t ENZYMES 2368: MUSCLE 2980! NEUROPHAR 
MACOLOGY 306£+¢315Fe316CE 

ANTERIOR PITUITARY 
CELL STRUCTURE/FUNCTION 136F+141D% CONNECTI 


VE TISSUE 162B# ENDOCRINES 175F+1770+1838-F 
¢184A-09186C+188C+1920' LIPIOS 276E% NEURO 
PHARMACULOGY 321F% NUTRITION 365B! REPRODU 
CTION 4194 

~ACTH 
AMINO ACIDS 3E% ANTIGENS/ANTIBODIES 34Fs 8B 
LOOD SSF% CARDIOVASCULAR SYSTEM 133F% ENDO 


CRINES 176001770E¢178F 0181 +182601835Ce1B84EFe 
185AD8 ENZYMES 223At NEUROPHARMACOLOGY 321F 


-CONTROL UF SECRETION 
ENDOCRINES 1830+184F+1858-F +1 86A-Es 
CTION 419DE 


REPRODU 


-~GONADOTRUPIN 
ENDOCRINES 181€+185E+186F+187A-Fe168AAt REP 
RODUCTION 417F#4180e419D5E 

-~SOMATOTRUPIN 
AMINO ACIDS 3E% CARBOHYDRATES 63F% ENDOCRI 


NES 1838C+1840+188B8-E+197F% NUTRITION 372C 
-TSi 
ENDOCRINES 188F e201E 


GLUCAGON 
ENDOCRINES 1756¢189A-0+1191B80193A0197F5 
RONMENT 2100% ENZYMES 2348 


ENVI 


INSULIN 

ANTIGEN/ANTIBODY REACTIONS 12E+17B# BLOOD 6 
78% CARBOHYDRATES 79BC+B1ACFE CARDIOVASCUL 
AR SYSTEM 113A% CELL STRUCTURE/FUNCTION 140 
Ot ENDUCRINES 1758+18409189EF+190A-Fe191A-0 
e193E4 GASTROINTESTINAL 247As250At HYPERSE 
NSITIVITY 259A LIPIOS 272E+275B%! MUSCLE 3 
D22F% NEUROPHARMACOLOGY 306E# NUTRITION 364 
Fs PROTEINS/POLYPEPTIDES 377C+3820+3924 


“DIABETES MELLITUS 
ANTIGEN/ANTIBODY REACTIONS 1783 
ES 83D! CARDIOVASCULAR SYSTEM 92A5 
NES 189F+191EF+192A=-Dt LIPIDS 272E3 
NS/POLYPEPTIDES 392A 


CARBOHYDRAT 
ENDOCRI 
PROTEI 


-MODE OF ACTION 
ENDOCRINES 1906+192EFe193A-F 


PARATHYROID 
BONE 763803 
BOLISM 292C 


ENDOCRINES 194A-Ft MINERAL META 


POSTERIOR PITUITARY 


ENDOCRINES 175F ¢186C#195A=Fe196A1205E% NEUR 
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OPHYSIO.OGY 335F:; RENA. 406D 
SEX HORMONES 
ENDOCRINES 175C+176Ae187E+188As193A"1968-F I 


FOOD 2410% REPRODUCTION 417E+416A 


-ANDROGENS 
ANTIGENS/ANTIBODIES 36E% ENDOCRINES 1756017 
6A0177A9178A01 BOE + 1B1E*187AV197A=-Fe198At EN 
ZYMES 225F% GASTROINTESTINAL 244C% LIPIDS 
284F% NEUROPHYSIOLOGY 335C% RADIATION 4OTE 
t REPRUDUCTION u418DE 


-ESTROGENS 
AMINO ACIDS 2A% BLOOD 740% ENDOCRINES 1760 
¢164B0187F+1968+196B<F#199A=-Fe2V0A-Et ENZYM 
FS 223£9231C# NUTRITION 372C% RENAL 413F% 
VITAMINS 4520 


-PROGESTOGENS 
ENDOCRINES 176A:187B8+200F% GASTROINTESTINAL 
24uCt RENAL 4OBF 

THYROID 
ANTIGENS/ANTIBODIES 38Bre39AD+40D0%i CARDIOVAS 
CULAR SYSTEM 97B8+112At CELL STRUCTURE/FUNCT 
ION 136F% CONNECTIVE TISSUE 163B% ENDOCRIN 
FS 186C+18BE+201A—-Fe202A-F*#203A-Dt ENVIRONM 


ENT 214At ENZYMES 224E4 GASTRUINTESTINAL 2 


43B%t NUTRITION 3670 


- IODINE 
ENDOCRINES 201£+2028+203EF+204ABCE 
828 


LIPIOS 2 


“REGULATION 
ENDOCRINES 186E+204D% RENAL 4140 
-~THYROXINE 
AMINO ACIDS S5SDi BLOOD 678! CARBOHYDRATES 8 


3Fs ORUG McCTABOLISM 174A# ENDOCRINES 184D+ 
196C#201BC +202A_ 203AEF se 204EF 2 205A—F 1 206A-DiI 
GENETICS 256B% LIPIDS 2778 


ENDOTOXINS 


SEE ALSUS HYPERSENSITIVITY-ENDOTOXINSe ANTI 
GENS/ANTIBODIES 26€+40Bt CARDIOVASCULAR SYS 
TEM 116Fe117E% CHEMOTHERAPY 158C# LIPIOS 2 
70A 


ENERGY METABOLISM 


SEE ALSUt BASA~ METABOLIC RATEs AMINO ACIDS 


4Dt CARDIOVASCULAR SYSTEM 1270% ENDOCRINE 
S 202Fi ENERGY METABOLISM 206EF+207A-Fs EN 
VIRONMENT 2090% LIPIOS 2708! NEUROPHYSIOLO 
GY 334B8% NUTRITION 366F +3728 

ENTEROVIRUSES 
SEE: VIRUSES-ENTEROVIRUSES 

ENVIRONMENT 
CARDIOVASCULAR SYSTEM 100E% ENVIRONMENT 208 


ABCt NUTRITION 364D 

ADAPTATION 
CARDIOVASCULAR SYSTEM 9684103C+110Ae115A#130 
Ct ENVIRONMENT 206DEF*209A=F e210ABD1211E921 
20+921380+2148D9215CF! NEUROPHYSIOLOGY 328F,y 
B3IAS34OF +e3355At NUTRITION 36904 RESPIRATI 
ON 421F e429E 


AIR POLLUTION 

ORUG ACTION 165Bs ENVIRONMENT 210C 
ALTITUDE 

ENVIRONMENT 209F+210DEF+211AB 


HIBERNATIUN 
ANTIGEN/ANTIBODY REACTIONS 17C3 
BOLISM 206E% ENVIRONMENT 211CDE 


ENERGY META 


HYPERTHERMIASHEAT 
BODY WATER 75A% 
110AB¢1228+1270+0129F+13008 
0210A0211BF #21 2A-F +21 35AB% 
ROPHYSIULOGY 334Fs336C!I 
395At RADIATION 39988 


CARDIOVASCULAR SYSTEM 89ACe 
ENVIRONMENT 208A 
LIPIOS 2828: NEU 
PSYCHOPHARMACOLOGY 

RESPIRATION 4258 


HYPOTHERMIA#COLD 


ANTIGEN/ANTIBODY REACTIONS 19C%# CARDIOVASCU 


SUBJECT INDEX 





LAR SYSTEM 89A1100A111000120C0122AF 012581 

FLL STRUCTURE/FUNCTION 134E4 CELL/TISSuE ¢, 

LTURE 149F+ DRUG METABOLISM 171F# ENVIRON 

ENT 208EF + 209A~D+210R0211CD0213B-F e214 Amey 2) 

SABC# GASTROINTESTINAL 249F% NEUROPHARMACy 

LOGY 315A NEUROPHYSIO.OGY 334EF+335Ay 3468; 
NUTRITION 367C3 VIRUSES 437E 


SPACE 
CARDIOVASCULAR SYSTEM 128A% 
DE+ NEUROPHYSIOLOGY 3320 


ENVIRONMENT 2}5 


UNDERWATER 
FNVIRONMENT 215F3 RESPIRATION 424Ce428A 

ENZYME INHIBITION 
BIOLOGICAL OXIDATIONS 44At CARBOHYDRATES 83 
Bt CELL STRUCTURE/FUNCTION 14168 CONNECT) 
E TISSUE 161891620% ORUG ACTION 164F 1656, 
169A ENDOCRINES 1790+182C% ENZYMES 216DF, 
219A8220De221E 8 222h02235390225A0 254 F e235 y 2365 
237CD% GASTROINTESTINA. 252E% HYPERSENSIT] 
VITY 261C# NEUROPHARMACOLOGY 306C+30881318) 
NUTRITION 368E*369F% PSYCHOPHARMACOLOGY 39 
Ce393Fe¢394BE% TOXICOLOGY 432Fe433B 


ENZYMES 
AMINO ACIDS 1C# ANTIGEN/ANTIBODY REACTIONS 
16At BLOOD 544+457A+1580164B1658e735A$ CARBOH 
YDRATES 77£*81F,y82D% CARDIOVASCULAR SYSTEM 
QOE+l27Fe13SI1E% CELL STRUCTURE/FUNCTION 136F 
e137A0145F% CONNECTIVE TISSUE 161C# DRUGS 
ETABOLISM 170D# ENDOCRINES 180F¢197A0201B02 
O4At ENZYMES 216A-F 021 7A-F 0218A-F0219A=E 923 
6At241Ai GASTROINTESTINAL 242F% GENETICS 2 
54B+256C% LIPIDS 268Fi LIVER 287D+289812% 
At MINERAL METABOLISM 296A% MUSCLE 393C1 
NEUROPHYSIOLOGY 34]E¢342Ce344C% NUCLEIC AC] 
NS/NUCLEOTIDES 358EF+361A$ NUTRITION 3708) 
PROTEINS/POLYPEPTIDES 386B+389C+390D# RAD] 
ATION 403B% TOXICOLOGY 432F% VIRUSES 439A) 
VITAMINS 447DE,.4548 


ACTIVE SITE 
AMINO ACIDS 6€¢11ABi BIOLOGICAL OXIDATIONS 
42Ae49B+50a8 BLOOD 54D*e60C% ENDOCRINES 182 
Bt ENVIRONMENT 209F# ENZYMES 219F e220A-Fi2 
21A$Fe222he224F eo300e23520Ee233A5 GASTROINTE 
STINAL 244CH MUSCLE 299C5 PROTEINS/POLYPEP 
TIDES 386ABF 


BIOLOGICAW~j REGULATION 
BIOLOGICAL OXIDATIONS 49F4 CARBOHYDRATES 83 
D+87B! CELL STRUCTURE/FUNCTION 14788 CONNE 
CTIVE TISSUE 162p% ENDOCRINES 193F¢199C120) 
Ae204D% ENZYMES 2228-Fe223A-F ec24bAmFe 225h-F 
#226A-F#227A8C#229D0231C% GENETICS 256A5 i 
ISTAMINE/ANTIHISTIMINICS 25708 LIPIDS 272Fi 
NUCLEIC ACIDS/NUCLEOTIDES 363A% PSYCHOPHA 
RMACOLOGY 392Fi VIRUSES 436E 


COENZYMES 

BIOLOGICAL OXIDATIONS 43Fe44Fe4uDeSOAt 8100 
D 65A% CARBOHYDRATES 80A*BBES CELL STRUCTI 
RE/FUNCTION 147B3 ENZYMES 220B+221Ce222A022 
7DEF *228A-Ft229A,231F 0238B1240Bt GASTROINTE 
STINAL 245CH LIPIDS 271F 9272BC+273CEF + 274K 
De280C+284F% NUCLEIC ACIDS/NUCLEOTIDES 361F 
+ PROTEINS/POLYPEPTIDES 388C% PSYCHOPHARMA 
COLOGY 394C% RENAL 4O4CHE VITAMINS 448 A0449 
Ae450B8 


MECHANISMS OF ACTION 

AMINO ACIDS 1F+3BD% BIOLOGICAL OXIDATIONS 4 
2B+43C+49C+50B% BLOOD 60E# CARBOHYDRATES 7 
OF +B2E+B3F+B84DF% CELL/TISSUE CULTURE 152E! 
ENDOCRINES 1836£+185A0197D% ENZYMES 219C+e22 
1£0222B+223BCF 1204002265 0227A0228C 1 229B—F 023 
OA-Fe231A=Fe232A-F 1 233A-E0238Dec39E$ HISTAH 
TNE/ANTIHISTIMINICS 25708 LIPIOS 273CFe260F 
*2B4F% NUCLEIC ACIDS/NUCLEUTIDES 351643590) 

PLANT METABOLISM 373F# PROTEINS/POLYPEPTI 
NES 380E+383E+389E% PSYCHOPHARMACOLOGY 39% 


-NONTOXIDATIVE ENZYMES 
AMINO ACIDS 4GAvget BIOLOGICAL UXIDATIONS 47 
Rt CELL STRUCTURE/FUNCTION 147BD8 ENZYMES 
221F +2308 233F 1234 Amr eo 235A-F oe 236A—F 1 237KB0e4 
Dt NUTRITION 370C% PORPHYRINS 370B8_ VITA 
MINS 453A 


-0 


PR 


fPHE 


EPIL 


gPIN 


EPI 


FPN 


EPO! 


ERG 


ERG 


ERY: 


ERY’ 


ERY 


ERY 


ESC 


ESE 





SUBJECT INDEX 


TISSUE Cl -OXIDATIVE ENZYMES 
ENVIRO} — AMENO ACIDS 4EtSES ANTIGEN/ANTIBODY REACTIO 
21UA—Fyq] NS VIEF BIOLOGICAL OXIDATIONS 44Fr45C, 4684 
PHAR MAG, 7E048F+49C+51D$ BLOOD 74D! CARBOHYDRATES 8 
3SAy3uga| OABF! DRUG ACTION 164F0167E1 ENDOCRINES 19 
2Be202D9206C$ ENZYMES 2168+218C+220B:221D02 
27E 0 229F 0230A0232C 9237CHF ¥23BA-F 1 23901 240F 3 
LIPIDS 272C+282pE% NEUROPHARMACOLOGY 305C3 
\MENT 2s NUCLEIC ACIDS/NUCLEOTIDES 355F% NUTRITION 
371C! PLANT METABOLISM 375C1 PROTEINS/POL 
YPEPTIDES 384B4 PSYCHOPHARMACOLOGY 392C! R 
ENAL 4O7E+408Bt RESPIRATION 42UAS VITAMINS 
4284 4528 
PROPERTIES 
RATES gj] AMINO ACIDS 10C¥11B8s BIOLOGICAL OXIDATIONS 
SONNECTIy sap eit BONE 778% CARBOHYDRATES 85A;87Et 
ee 1658, CARDIVVASCULAR SYSTEM 97D CELL STRUCTURE 
Ss 21e0r,| FUNCTION 135E3 CELL/TISSUE CULTURE 15261 
35cy236| ORVG ACTION 169F1 ENDOCRINES 190F1 ENZYMES 
RSENSIT] 219A0221F 0222A9231002338123400235C1238F 0239 
OBBrsiq) ATFe24OA-Fe241ABy NUCLEIC ACIDS/NUCLEOTIDES 
LOGY 39 351E%$ NUTRITION 3640! PLANT METABOLISM 37 
WE} PRUTEINS/POLYPEPTIDES 381DEF+385A3 RAD 
TATION 398C# TOXICOLOGY 431F% VITAMINS 453 
Fe 
ACTIONS 
CARBOs| EPHEDRINE 
svaeal CARDIOVASCULAR SYSTEM 111E+122E# NEUROPHARM 
ION 130 ACOLOGY 3178¢ 
as sornn PILEPSY 
19A=E 423 NEUROPHARMACO.UGY 322F 
NETICS 2 
2898129 fPINEPHRINE 
303¢1 BLOOD 57E$ CARBOHYDRATES 8781 CARDIOVASCULA 
-EIC ACI R SYSTEM 93A4110000106E+1100F0115C+116DF 91220 
N 3708: | CELL STRUCTURE/FUNCTION 137A% DRUG ACTIO 
Dy) RADI N 166C# ENDOCRINES 182=2Fe183F3 GASTROINTES 
=S 4394) TINAL 246C+249E$ HYPERSENSITIVITY 261At ULI 
PIDS 270A0275E+276C3 MINERAL METABOLISM 294 
At MUSCLE 2980 300At NEUROPHARMACOLOGY 306 
VATIONS EF 1314C0031560316BC! PSYCHOPHARMACOLOGY 396 
INES 182 Bct RENAL 407C#409C 
22OA-F 12 
STROINTE| EPITHELIUM 
PocyPep| © SEES SKIN 
PN 
TOXICOLUGY 4320 
bbe EPONATE 
9ceamy  8L000 ODA 
eer | eRcome RINE 
S 272F1 CARDIOVASCUZAR SYSTEM 89F 
YCHOPHA 


ERGOTAMINE 


NEUROPHARMACOWUGY 315E 


+ Bio] ERYSTPELOTHRIX 


STRUCTY 
222A022 


ANTIGENS/ANTIBUDIES 20F 


TROINTES ERYTHROBLASTOSIS FETALIS 


Fe 274A 
ES 361F 


8L00D 65F 


De Harm) ERYTHROCYTES 


4B A449 


TIONS 4 


SEE BLUOD-ERYTHROCYTES 


ERYTHROMYCIN 


LIPIOS 273) 


RATES 7) ERYTHRONOLIDE 


152E1 
2190022 


LIPIDS 2730 


poe y23 | ESCHERICHIA 


HISTAK 
>F o 280F 
9 3590! 
YPEPT] 
iy 394 


CARBOHYORATES 858% CEL. STRUCTURE/FUNCTION 
13BE*142A0143SF% ENZYMES 225A% GENETICS 254 
Re255ADF% HYPERSENSITIVITY 260c+262C8 NUCL 
EIC ACIDS/NUCLEOTIDES 351F e357AE+359F 0361003 
62Ae363E%t PROTEINS/POLYPEPTIDES 391F% VIRU 
SES 4394B 


ZYMES 
78024 


DRUG ACTION. 165Es NEUROPHARMACOLOGY 305F 


VITAE ESKIMOS 





CARDIOVASCULAR SYSTEM+968% ENVIRONMENT 209C 
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ESOPHAGUS 
RESPIRATION 427D 


ESTERASES 

BLOOD S9Et CELL STRUCTURE/FUNCTION 134F +138 
Ae139D3 DRUG ACTION 165E% ENDOCRINES 190 
Fe ENZYMES 2198¢222822278+233D92355Ae257A025 
9B+240F% GASTROINTESTINAL 242F2535Ci GENET 
ICS 255Ft LIPIDS 2706+278Ft NEUROPHARMACOL 
OGY 318At NEUROPHYSIOLOGY 341E 4343093440054 
5Bt PRUTEINS/POLYPEPTIDES 380E+381Ft PSYCH 
OPHARMACOLOGY 592Fe393F% TOXICOLOGY 43388 
VITAMINS 453A 


ESTRADIOL 
AMINO ACIDS 2A% BONE 76F% ENDUCRINES 187F 
19BBEV199ACE+200CDs INFECTION/RESISTANCE 26 


S5Et VITAMINS 4520 


ESTRTOL 
FNDOCRINES 2008 


ESTROGENS 
SEE: ENDOCRINES=SEX HORMONES-ESTROGENS 


ESTRONE 
ENDOCRINES 196F 


ETHAMOXYTRIPHETOL 
ENDOCRINES 198C 


ETHANOL 
SEEs ALCOHOL 


ETHANOLAMINE 
LIPIDS 277F+278Be280F%! VITAMINS 4478 


ETHIONINE 
AMINO ACIDS 3F% CARDIOVASCULAR SYSTEM 96E% 
CELL STRUCTURE/FUNCTION 1357A% DRUG METABOL 
ISM 1710% cIPIOS 275Fi LIVER 288E+2898CI 
NUCLEIC ACIDS/NUCLEOTIDES 360Ct PROTEINS/PO 
LYPEPTIDES 378& 


ETHO PROPAZINE 
NEUROPHARMACOLOGY 319E 


ETHOXYQUIN 
NUTRITIUN 363F 


ETHYL FLUORVACETATE 
NEUROPHYSIOLOGY 3380 


ETHYL P=NITROPHENY. BENZENEPHOSPHATE 
NEUROPHARMACOLOGY 324B% TOXICOLOGY 434A 

ETHYLENEDIAMINETETRAACETIC ACID 
GASTROINTESTINAL 2518 


ETHYLMALEIMIDE (N=) 
ENZYMES 220F 


ETHYLTRYPTAMINE 
PSYCHOPHARMACO~OGY 3930 


EUGLENA 
VITAMINS 4500 


EVAN*S BLUE 
CARDIOVASCULAR SYSTEM11909121AC 


EXERCISE 
BLOOD 56Bt CARDIOVASCULAR SYSTEM 93A197F 010 
SFel33At ENERGY METABOLISM 206F+207D8 ENVI 
RONMENT 208A+212A% ENZYMES 216A MUSCLE 30 
NEeSOSAS RESPIRATION 423B8+4350BF 


EYES 
ANTIGENS/ANTIBODIES 41At NEUROPHARMACOLOGY 
305B! PROTEINS/POLYPEPTIDES 380C# VIRUSES 
436E 


FACTORS 
SEE ALSUS ANTIGEN/ANTIBOOY REACT IONS=NONSPEC 
IFIC FACTORS. BLOOD=-COAGU_ATION-AGENTS/FACT 
ORSe NUTRITION=-GROWTH FACTORS. VIRUSES=NON 
SPECIFIC FACTOKS, BLOOD 57C+66C 





xxxiv 


FASTING 
BLOOD 67E4! CARBOHYDRATES 83F% LIPIDS 272F% 
MUSCLE 302C 


FAT SOLUBLE VITAMINS 
SEEs VITAMINS=FAaT SOLUBLE 


FAT TISSUE 
ENDOCRINES 1863F9192E! ENVIRONMENT 21483 LI 
PIDS 275C-Ft NUTRITION 364%e368A! OBESITY 
373C 


FATS 
SEE GASTROINTESTINAL=DIGESTION/ABSORPTION<F 
ATe LIPIOS=FATS/FATTY ACIOSe NUTRITION-FAT 
s 


FECES 
LIPIDS 283F 


FEED-BACK 
ENDOCRINES 19488 ENZYMES 2249225Bt RESPIRA 
TION 430E 


FEEDING 
NEUROPHYSIOLOGY 334A 


FERTILITY 
ENVIRONMENT 210F 


FETUIN 
CELL/TISSUE CULTURE 1500! PROTEINS/POLYPEPT 
TOES 3835E 


FIBRIN 
BLOOD 53C+57A+58C+60E 


FIBRINOGEN 
BLOOD S53B+S8CFrt60AE: PROTEINS/POLYPEPTIDES 
385F 


FIBRINOLYSIS 
SEE: BLUOD-COAGULATION-FIBRINOLYSIS 


FIBROBLASTS 
CELL/TISSUE CU-~TURE 149A 


FIBROSIS 
PROTEINS/POLYPEPTIDES 376E 


FICIN 
ENZYMES 220A 


FISHES 
BLOOD S3E+70At CELL/TISSUE CULTURE 149Et E 
NZYMES 241At LIPIDS 26781 LIVER 290E: NUT 
RITION 370E 


FISSION PRODUCTS 
MINERAL METABOLISM 291E 


FLAGELLA 
SEE: CILIA 


FLAVINS 
BIOLOGICAL OXIDATIONS 460+47C% ENZYMES 233¢ 


FLAVOENZYMES 
BIOLOGICAL OXIDATIONS 44C 


FLAVOPROTEINS 
SEE: BIULOGICAL OXIDATIONS-FLAVUPROTEINS 


FLAXEDIL 
NEUROPHYSIOLOGY 332F 


FLUORACIL (5=) 
VIRUSES 440A% TOXICOLOGY 4358 


FLUORESCEIN 
ANTIGENS/ANTIBODIES 338 


FLUORESCENCE 
ANTIGEN/ANTIBODY REACTIONS 11F3 BIOLOGICAL 
OXIDATIUNS 51C# CARBOHYDRATES 6203 DRUG AC 
TION 169C# ENZYMES 22108 MUSCLE 298A PRO 
TEINS/PULYPEPTIDES 378A RADIATION 39eCch UV 
TRUSES 4uueE 


SUBJECT INDEX 





FLUORIDES [™ 


BONE 76E 


FLUORINE 
MINERAL METABO~ISM 294F 


FLUOROHYDROCORTI SONE 
CELL/TISSUE CULTURE 148F 


FLUOROPHENYL ALANINE 
AMINO ACIOS 1A% VIRUSES 445F 


FLUOROPYRIMIDINES 
DRUG ACTION 167A% NUCLEIC ACIDS/NUCLEOTIDES 
360A 


FOLIC ACID 
SEE: VITAMINS=FOLIC ACIO 


FOLLICLE STIMULATING HORMONE 
ENDOCRINES 175F 


FOOD 
FOOD 241Ct NUTRITION 364A0365A0366F1 OBES; 


TY 373E 


ADDITIVES 
AMINO ACIDS 7Ci FOOD 241DEF# GASTROINTEST] 
NAL 243E% NUTRITION 364C0369Ee3572Ee373A8 7 
OXICOLOGY 432C+434B 


FORMALDEHYDE 
NUCLEIC ACIDS/NUCLEOTIDES 353A PROTEINS/P) 
LYPEPTIDES 3820 


FORMALIN 
ANTIGENS/ANTIBODIES 39E 


FREEZING 
BLOOD SIF# CARDIOVASCULAR SYSTEM 107F3 CE, 
L STRUCTURE/FUNCTION I13GE% CELL/TISSUE CULT 
URE 149Ft ENZYMES 23788 MUSCLE 300C 


FROGS 
ENVIRONMENT 208) 


FRUCTOSE 
RENAL 415€ 


FRUIT 
PLANT METABOLISM 374F 


FUCOSE 
CARBOHYDRATES 76£+64C+87C 


FUNGI 
AMINO ACIDS 100% CARBOHYDRATES 78C# CELLS 
TRUCTURE/FUNCTION 144C8 ENZYMES 220B8 __ INFE 
CTION/RESISTANCE 264E% LIPIDS 277F% NUCLEI 
C ACIOS/NUCLEOTIDES 356A% PROTEINS/POL YPEPT 
TOES 386E 


FUROCOUMARIN 
DRUG ACTION 168F 


G 


634764 
SEE: PHENYLBUTAZONE 


GABA 
SEE: AMINOBUTYRIC ACID(GS-) 


GALACTOSE 
ENZYMES 2235F% GENETICS 256C 


GALACTURONIC ACID 
CARBOHYDRATES 794 


GANGLIA 
SEE ALSUt NEUROPHARMACO.OGY=AUTUNOMIC AGENTS 
-GANGLIUNICe NEUROPHYSIOLOGY-BASAL GANGLIA: 
NEUROPHARMACOLOGY 313€¢31700318F+324ci NE 
UROPHYSIOLOGY 338CEF +3450 


GANGLIONIC AGENTS 
SEE NEUROPHARMACOLOGY-AUTONOMIC AGENTS=GANG 
LIONIC 














gS 


gAST 


shST 


gAST 


O! 


-C 


-F 


-F 


| 


-h 


ot 


LEOT IDES 


| OBES) 


OINTEST] 
S73At 7 


TE INS/P) 


TFs CE, 
SUE CULT 


CELL § 
$  INFE 
NUCLEI 
OL YPEPT 


AGENTS 
\NGLIAs 
cs NE 


'S=GANG 


NGL TOSIDE 
DRUG METABOLISM 174C5 


ls CHROMATUGRAPHY 
PIDS 269A¢279Cr2B1F8 


ASTRICSIN 
ENZYMES 239A 


sASTRIN 


SSTROINTESTINAL 


RUSES 440C 


DIGESTION#t ABSORPTION 
CELL STRUCTURE/FUNCTI 


MINERAL METABOLISM 


“CARBOHYDRATES 


-FAT#CHOLESTEROW 


“PROTEINS 
L 245DEF% NUTRITION 
“WATERtELECTROLYTES 
7Ee333E% NUCLEIC ACI 
“OTHER SUBSTANCES 


L STRUCTURE/FUNCTION 


YSIOLOGY 327E 
MOTILITY 
247ABC+252C% RADIATI 


“NERVOUS CONTRO. 
RADIATIUN 399A 


SECRETIONS 


“BILE 


“GASTRIC 
CELL STRUCTURE/FUNCTI 


“HORMONAL CONTRO. 


“INTESTINAL 


“PANCREATIC 


DOCRINES 1890+#190CE¢1 


56A 


“SALIVARY 
ANTIGEN/ANTIBODY REAC 


ROINTESTINAL 253nE% 
316C 





NEUROPHYSIOLOGY 342CD 


ENDOCRINES 199F% GASTROINTESTINAL 244E4 LI 


RESPIRATION 422D 


GASTROINTESTINAL 250B-F 


ANTIGEN/ANTIB0DY REACTIONS 13AB% CARDIOVASC 
ULAR SYSTEM 98F% ENDOCRINES 18<A#! GASTROIN 
TESTINALY 242A=-Fe24U3ABt TOXICOLUGY 435B% VI 


ON 137CO# ORUG ACTION 


169D% GASTROINTESTINAL 243C-F ecU4ABC re 24oEF st 


296Ft NEUROPHARMACOLOG 


Y 310A NUTRITION 372E 


AMINO ACIDS 2D# CELL STRUCTURE/FUNCTION 139 
C+140Bi CHEMOTHERAPY 155Fi ENDOCRINES 189E 
$ GASTROINTESTINAL 24403 HISTAMINE/ANTIHIS 
TIMINICS 25784 MINERAL METABOLISM 292B% NU 
TRITION 372DD0% RADIATION 4020 


CARDIOVASCULAR SYSTEM 91A8t GASTROINTESTINAL 
24U4EF e24USABCe2ue6Fe247D0' NUTRITION 368E 


AMINO ACIDS 2D! FOOD 241F% GASTROINTESTINA 


JTVE 


MINERAL METABOLISM 292B% NEUROPHYSIOLOGY 32 


DS/NUCLEOTIDES 354E 


BLOOD 58Bt CARDIOVASCULAR SYSTEM 11803 CEL 


T3S9CE*141DE% CHEMOTHER 


APY 155F% GASTROINTESTINAL 2430+246At MINE 
RAL METABOLISM 291Ae292D¢29300294F% NEUROPH 


CHEMOTHERAPY 155F% GASTROINTESTINAL 246B=-Fe 


ON 398) 


BLOOD 67E#t BODY WATER 75Ci CARBOHYDRATES 8 
7C% ENZYMES 222B8% GASTROINTESTINAL 2U5A024 
6Et247DEFe24BAmE,2490% LIPIOS 268C+283F +284 
At LIVER 286B+287A0289C% VITAMINS 450C 


ON 138F¢139E% ENDOCRIN 


ES 193At ENZYMES 239A FOOD 241F% GASTROI 
NTESTINAL 248F ¢2u9A=F e250A-F e251 A=F 025248 


GASTROINTESTINAL 252CD 


ENDOCRINES 203C% GASTROINTESTINAL 244¢6+247D) 
*249F% NUTRITION 3640 


AMINO ACIOS BFH CONNECTIVE TISSUE 161¢C8 EN 


92001935C+2U6At ENZYMES 


220E+2353F+234F3 GASTROINTESTINAL 2490+252C 
EFe253A8C8 NUCLEIC ACIDS/NUCLEUTIDES 351Ae3 


TIONS 168% CARBOHYORAT 


ES 87C% CELL STRUCTURE/FUNCTION 141C8 GAST 


NEUROPHARMACOLOGY 306E+ 
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GENETICS 

(NOTES BECAUSE OF AN ERROR IN NUMBERING ON T 
HE B FORMe THE MATERIAL FOR GENETICS AND BIO 
CHEMICAL GENETICS IS MIXED TOGETHER) 

SEE ALSUt RADIATION-GENETIC EFFECTSe ANTIGE 
NS/ANTIBODIES 32A033F 034093608 BLOOD 57E+61 
Fe66Fe72Ft CARBOHYDRATES 83E% CARVIOVASCUL 
AR SYSTEM 9684 CELL STRUCTURE/FUNCTION 1368 
§ CELL/ZTISSUE CULTURE 152&+155Cs ENZYMES 2 
2561 GENETICS 253F s254A-Fe255A-Fe256Ai HYP 
ERSENSITIVITY 260A! INFECTION/RESISTANCE 26 
5C+266Bt LIPIDS 279At MUSCLE 299F+303C8 N 
EUROPHYSIOLOSY 33084 NUTRITION 365B! PROTE 
INS/POLYPEPTIDES 384F 


BIOCHEMICAL 
CELL/TISSUE CULTURE 152C% GENETICS 254Et N 
EUROPHARMACO,OGY 321A8 NUCLEIC ACIDS/NUCLEO 
TIDES 351Be353Ee356E! VIRUSES 438E 


ERRORS OF METABOLISM 
AMINO ACIDS 4C¥ GENETICS 256BCU8 MUSCLE 30 
3A 


GENTISTA 
NEUROPHYSIOLOGY 326E 


GERM FREE ANIMALS 
ANTIGENS/ANTIBODITES 3284 CELa/TISSUE CULTUR 
E 150A NUTRITION 3698 


GERM FREE NUTRITION 
SEE: NUTRITION“GERM FREE 


GERMINATION 
PLANT METABOLISM 375D 


GIBBERELLIC ACIO 
NUTRITION 364C 


GLOBIN 
FNDOCRINES 2020s PROTEINS/POLYPEPTIDES 387F 


GLOBULINS 
SEE ALSUt BLOOD=PLASMA PROTEINS=GLOBULINSe 
NEUROPHYSIOLOGY 3428 


GLOMERULI 
SEE RENAL~GLOMERULAR FILTRATION 


GLUCAGON 
SEE ALSUt ENDOCRINES=GLUCAGONe CARBOHYDRATE 
S 85F! ENDOCRINES 1898 


GLUCOCORTICUIDS 
FNDOCRINES 1754¢176E 


GLUCOSAMINE 
CARBOHYORATES 7eB% ENDOCRINES 1908 


GLUCOSE 
BIOLOGICAL OXIDATIONS 4101 CARBOHYDRATES 79 
BCFeB3ArB4E+B6CEs CARDIOVASCULAR SYSTEM 100 
ct CEL. STRUCTURE/FUNCTION 1370+139B% ENDO 
CRINES 176€0187C,190Ee191F e192EFe 19S5AC 0 199C$ 
ENERGY METABOLISM 2073% ENVIRONMENT 210D0¢ 
213F% ENZYMES 217A0222F% GASTROINTESTINAL 
243C+244De247A' MUSCLE 302C# NUTRITION 364 
EF’ PRUTEINS/POLYPEPTIDES 392A RENAL 4O3F 
$ VITAMINS 446F 


GLUCURONIC ACID 
CARBOHYDRATES 84F+85CD% DRUG METABOLISM 173 
F 


GLUCURONOLAC TONE 
CARBOHYORATES 850 


GLUTAMIC ACID 
AMINO ACIDS 2E4 ANTIGENS/ANTIBUDIES 21¢C3 8 
TOLOGICAL OXIDATIONS 518% CARBOHYDRATES 834 
§ ENZYMES 2300,239C! GASTROINTESTINAL 245F 
§ NEURUPHYSIOLOGY 342EeS43CeS44E+S45As PHA 
NT METABOLISM 374D% RADIATION 398C# RENAL 
4150 


GLUT AMINASES 
SEE! AMIDASES 
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GLUTAMINE 
AMINO ACIDS 1C# CELL/TISSUE CULTURE 151F3 
CONNECTIVE TISSUE 162F# ENZYMES 2298+234B3 
MUSCLE 303A% NUCLEIC ACIDS/NUCLEOTIDES 361 
D 


GLUTATHIONE 


BLOOD 608+628+648+69D%! ORUG ACTION 16781 _L 
IPIDS 285E% PROTEINS/POLYPEPTIVES 388F+3928 


| VITAMINS 4498 


GLYCERIDES 
GASTROINTESTINAL 245C 


GLYCEROL 


BIOLOGICAL OXIDATIONS 410% CIPIDS 2758! Nu 


CLEIC ACIDS/NUCLEOTIDES 353A 


GLYCEROPHOSPHATE 
BIOLOGICAL OXIDATIONS 4I1E# ENZYMES 22UE 


GLYCINE 
AMINO ACIDS 4Br8ct ENDOCRINES 192E4 ENZYME 
S 224At PORPHYRINS 376A PROTEINS/POLYPEPT 
IDES 387F%t VITAMINS 4478 


GLYCOGEN 
CARBOHYDRATES 77£+78F+79C+86ABe87ABt ENDOCR 
INES 178Fe193EFs ENZYMES 226BCD! LIPIDS 26 
7B+272E% LIVER 289£! MUSCLE 302D%! VITAMIN 
S 450E 


GLYCOGENOLYSIS 
SEE: CARBOHYDORATES-METABOLISM=GLYCOLYSIS 


GLYCOL 
NUCLEIC ACIDS/NUCLEOTIDES 353A 


GLYCOLIC ACID 
AMINO ACIOS 4Bi PLANT METABOLISM 374E 


GLYCOLIPIOS 
LIPIDS 2690! NEUROPHYSIOLOGY 3420 


GLYCOLYSIS 
SEE: CARBOHYDORATES=METABOLISM=-GLYCOLYSIS 


GLYCOPEPTIDES 
PROTEINS/POLYPEPTIDES 383CDE 


GLYCOPROTEINS 
BLOOD 62D+66A%t CARBOHYDRATES 76BE# CONNECT 
IVE TISSUE 159C+e160E+161%+164E% ENDOCRINES 
186F*192D%! PROTEINS/PO_YPEPTIDES 3862F+383B- 
Ee3e8éc 


GLYCOPYRROLATE 
GASTROINTESTINAL 251° 


GLYCOSIDASES 
BLOOD 70C# CARBOHYDRATES 77E+85C# CONNECT] 
VE TISSUE 162Di ENDOCRINES 1790+189D! ENZY 
MES 216Fe217Ee220F 0222Fe223F +2350! GASTROIN 
TESTINAL 253CE# GENETICS 256A% LIVER 286E3 
NEUROPHYSIOLOGY 342C 


GLYCOSIDES 
ENDOCRINES 189& 


GLYCYRRHETINIC ACIO 
ENDOCRINES 1968 


GLYOXYLIC ACID 
AMINO ACIDS 3De4p 


GLYSINE 
AMINO ACIDS BE 


GOITER 
SEEt ENDOCRINES -THYROID GLAND 


GONADOTROPIN 


SEE: ENDOCRINES-ANTERIOR PITUITARY=GONADOTRO 
PIN 


GROUPS 
SEEs BLUOD-GROUPS 
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GROWTH 
SEE ALSU# CELL/TISSUE CULTURE=NEOPLASMS, Wy 
TRITION@GROWTH FACTORS. AMINO ACIDS 9act ¢ 
ARBOHYDRATES 85E4 CELL/TISSUE CULTURE 149¢; 

CONNECTIVE TISSUE 1608t ENDOCRINES 196012 
Q2At LIVER 28601 NUTRITION 364AC1365B+ 366¢ 
e369EF*S70CO0% RADIATION 39BA3 REPRODUCTIOy 
419C%8 VITAMINS 4500 


GROWTH HORMUNE 
SEE: ENDOCRINES@ANTERIOR PITUITARY=SOMATOTRy 
PHIN 


GUANETHIDINE 
NEUROPHARMACOLOGY 313F431500317A0319C 


GUANIOINE 
BIOLOGICAL OXIDATIONS SIA# CELuY STRUCTUREss 
UNCTION 142E% ENZYMES 236C 


GUANOSINE 
CARBOHYDRATES 64uE 


GUANOSINE TRIPHOSPHATE 
NUCLEIC ACIDS/NUCLEOTIDES 358Ct! PROTEINS/Pp 
LYPEPTIDES 387E 


HALOTHANE 
NEUROPHARMACOLOGY 312E 


HAPTENS 
SEE: ANTIGEN/ANTIBODY REACTIONS“HAPTENS 


HEARING 
NEUROPHYSIOLOGY 326A+32709347A 


HEART 
SEE CARDIOVASCULAR SYSTEMS BLUOD FLOW=COR) 
NARY# CARDIAC MUSCLE# CARDIAC OUTPUT 


HEAT 
SEEs ENVIRONMENT-HYPERTHERMIA/HEATe RADIAT] 
ON=THERMAL 


HEAVY WATER 
NUCLEIC ACIOS/NUCLEOTIDES 36083 VIRUSES 445 
A 


HEMAGGLUTINATION 
SEE ALSUt AGGLUTININS AND AGGLUTINATIONe AN 
TIGEN/ANTIBODY REACTIONS 12E013E72308 ANTIG 
ENS/ANTIBODIES 21B+27At BLOOD O6BEt CELL/T 
ISSUE CULTURE 15184 CHEMOTHERAPY 1588 


HEMATOPOIESIS 
SEE: BLUOD-HEMATOPOIESIS 


HEME 
SEE ALSUt PORPHYRINSe 3.000 65£+67D0+7001 P 
ORPHYRINS 3768 


HEMICHOLINIUM 
NEUROPHARMACOLUGY 307E 


HEMIN 
BLOOD 7OF# ENDOCRINES 20208 PROTEINS/POLYP 
EPTIDES 387F 


HEMOCYANIN 
BLOOD 69Ct RENAL 4O5C 


HEMOGLOBIN 
SEE& BLUOD-HEMUGLOBINe METHEMAGLOBINe OXYH 
EMOGLOBIN 


HEMOLYSIN 
ANTIGEN/ANTISODY REACTIONS 13C8 ANTIGENS/AN 
TIBODIES 2uADe2oE 


HEMOLYSIS 
ANTIGEN/ANTIBODY REACTIONS 128 


HEMOPHILIA 
BLOOD 57E 














#EMC 


HEMC 


HEP A 


HEP / 


HER C 


HEXE 


HEX 


HEXI 


HEX( 


HEX( 


HEX 


HEX 


HIBI 


HIP 


HIP 


HIR: 


HIS" 


HIS" 


HIS" 


HIS" 


HOD 


HOM( 


HOM 


HOM 


HORI 


ASMS. Ny 
> SACI 

JRE 149¢; 
~S 196012 
658 0 366E 
ODUCT IOy 


OMATOTRy 


UCTURE/§ 


TEINS/P) 


,OW=CORD 
IT 
RADIAT] 


SES 445 


ONe AN 
ANTI6 
CELL/T 
B 


7004 P 


> /POLYP 


OXYH 


|ENS/AN 


MMORRHAGE 
SEE ALSUS 
-HEMORRHAGEs 


CARDIOVASCULAR SYSTEM=BLOOD VOLUME 
CARDIOVASCULAR SYSTEM 1160 


#EMOSTOERIN 
BLOOD 70C# CARDIOVASCU.AR SYSTEM 95E 


#EPARIN 
BLOOD 52C+548+57p! CARDIOVASCULAR SYSTEM 97 


D+ CONNECTIVE TISSUE 164B% DRUG ACTION 168 
At ENDUOCRINES 184E8 LIPIDS 270E 


#EPATITIS 
SEE8 VIRUSES-VISCEROTROPIC VIRUSES-HEPATITIS 
HEROIN 
NEUROPHARMACOLOGY 309E 


#EXACHLOROBENZINE 
PORPHYRINS 3760 


WEXADIMETHRINE B8ROMIDE 
BLOOD 71D 


HEXAHYDROBENZOIC ACID 
BIOLOGICAL OXIDATIONS 4I1C8 
NEUROPHARMACOLOGY 314CH317E 


ENVLRONMENT 211D 


#EXOK INASE 
SEEs KINASES 


HEXOSAMINES 
CARDIOVASCULAR SYSTEM 92At 
E 162E+164E 


CONNECTIVE TISSuU 


W#EXOSE PHOSPHATE PATH 
SEE: CARBOHYDRATES=METABOLISM=-HEXOSE PHOSPHA 
TE PATH 


HEXOSES 

CELL STRUCTURE/FUNCTION 137C 
HIBERNATION 

SEE: ENVIRONMENT-HIBERNATION 


HIPPURAN 
RENAL 4O4A 


HIPPURATES 
ENZYMES 231€ 


HIRSUTISM 
ENDOCRINES 174& 


HISTAMINE@ANTIHISTIMINICS 
CARDIOVASCULAR SYSTEM 90A#98D+199C*#100Br111Ce 
115E¢119E¢121D% CELL STRUCTURE/FUNCTION 1368 
RUG ACTION 164F% DRUG METABOLISM 1740s END 
OCRINES 184F+193A0198E% GASTROINTESTINAL 24 
9B 1250COFe251AC.25288 HISTAMINE/ANTIHISTIMIN 
256EF+257A-Fe258at MUSCLE 300F 


HISTIDASE 
SEEs AMIDASES 

HISTIDINE 
AMINO ACIDS BF ENZYMES 22581 
TIHISTIMINICS 257D 


HISTAMINE/AN 


HISTONES 
CHEMOTHERAPY 156F% 
3F 


PROTEINS/POLYPEPTIDES 38 


HODGKIN®S DISEASE 
ANTIGEN/ANTIB0DY REACTIONS 188 


HOMOCARNOSINE 
NEUROPHYSIOLOGY 3448 


HOMOCHLORCYCLIZINE 
SEE ALSUt PIPERAZINESe 
93D 


PSYCHOPRARMACOLOGY 3 


HOMOCYSTEINE 
AMINO ACIDS 3A 


HORMONES 
SEE 
NESe 
ONTROL 


ENDOCRINES: BRAIN HORMONES# SEX HORMO 
GASTROINTESTINAL=SECRETIONS=HORMONAL C 
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INDEX 


HYALURONIC ACID 


CONNECTIVE TISSUE 164A# ENZYMES 236D% NUCL 
EIC ACIOS/NUCLEOTIDES 361F 
HYALURONIDASE 
SEE ALSUt GLYCOSIDASES. 
BLOOD 61C% CONNECTIVE TISSUE 1620 
HYDRASES 
AMINO ACIOS 11A4Bs CARBOHYDRATES 820% CELL 


ENDOCRINES 1844a8 
LIPIDS 2808 


STRUCTURE/FUNCTION 14188 
ENZYMES 221F ¢22200240Ae241B3 
PSYCHOPHARMACO~OGY 392F 


HYDRAZIDES 
CONNECTIVE TISSUE 1610 
HYDROCHLOROTHIAZIDE 
RENAL 409E+410CDe411C 
HYDROCORTISUNE 
CELL/TISSUE CU-~TURE 148F% ENDOCRINES 175A] 
76£¢177E¢179BDE.1810! IPIDS 282F+283ct! RE 
PRODUCTION 418C 
HYDROGEN BONDS 
PROTEINS/POLYPEPTIDES 3818 
HYDROGEN CYANIDE 
NUCLEIC ACIDS/NUCLEOTIDES 352C 
HYDROGENASES 
ENDOCRINES 1928% ENZYMES 223E+234E% NITROG 


EN METABOLISM 349F 


HYDROXOCOBALAMIN 
VITAMINS 449E 


HYDROXY=<2=-NAPHTHY UL AMINE (N=) 
BIOLOGICAL OXIDATIONS 41F 


HYDROXYANTHRANILIC ACID 
VITAMINS 448E 

HYDROXYBENZENEAZOBENZOIC ACIO (2-49) 

PROTEINS/POLYPEPTIDES 387C 


HYDROXYBUTYRIC ACID 

BIOLOGICAL OXIDATIONS 518D% LIPIDS 272A 
HYDROXYCINNAMIC ACID 

ENZYMES 234C 


HYDROXYCORTICOSTERONE 

SEE ALSUt HYDROCORTISONEe ENDOCRINES 179A 
HYDROXYDIHYDROMORPHI NONE 

NEUROPHARMACOLUGY 3098 


HYDROXYGLUTAMIC ACID 
AMINO ACIDS 30 


HYDROXYINDOLE ACETIC ACID(5=) 
GASTROINTESTINAL 252D 


HYDROXYLAMINE 
NITROGEN METABOLISM S49E% 
LEOTIDES 3520 


NUCLEIC ACIDS/NUC 


HYDROXYLASES 
SEE: BIULOGICAL OXIDATIONS-HYDRUXYLASES 


HYDROXYLYSINE 
AMINO ACIDS 4F 


HYDROXYPROLINE 
AMINO ACIDS 3D 
HYDROXYSTERVIDS 
CELL/TISSUE CULTURE 148D3 
e1B1A 


HYDROXYTRYPTAMINE (5—) 

AMINO ACIOS 6C# BLOOD 59A% CARDIOVASCULAR 
SYSTEM 106CE111C0116E0116Fe119E912208 CELL 
STRUCTURE/FUNCTION 136B+141F*+1448% ENZYMES 
226F "22781 GASTROINTESTINAL 252D! HYPERSEN 
SITIVITY 26108 NEUROPHARMACOLOGY 3088+313C»y 
315A°3170318C+31)9Be322A9323C8324Di NEUROPH 
YSIOLOGY 340E+SuxAe34U4CFI PSYCHOPHARMACOLOG 
Y 3930F +3968! RADIATION 490C 


ENDOCRINES 179ABC 
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HYDROXYZINE 
CARDIOVASCULAR SYSTEM 1110 


HYGROMYCIN 
CARBOHYDRATES 78) 


HYODESOXYCHULIC ACID 
GASTROINTESTINAL 245A 


HYPERCHOLESTEREMIA 
SEE: LIPIDS=-STEROLS 


HYPERGLYCEMIA 
CARBOHYDRATES 81F%1 DRUG ACTION 166C# ENDOC 
RINES 182E% GASTROINTESTINAL 247A% NEUROPH 
ARMACOLUGY 3140+316C 


HYPEROXIA 
RESPIRATION 421F 


HYPERSENSITIVITY 
ANTIGEN/ANTIBOVY REACTIONS 13£+14C+18Bs ANT 
IGENS/ANTIBODIES 21£023F e28Fe37b+ 3BBEFs 39A04 
9Di CELL/TISSUE CULTURE 154A DRUG ACTION 
168F! HYPERSENSITIVITY 2588-F+259ABt NEURO 
PHARMACULOGY 316ct RENAL 4OSA 


ANAPHYLAXIS 
ANTIGEN/ANTIBODY REACTIONS 130% HISTAMINE/A 
NTIHISTIMINICS 257Es HYPERSENSITIVITY 259C- 
Fe 260ABC 


CELL MECHANISMS 
HISTAMINE/ANTIHISTIMINICS 257B% HYPERSENSIT 
TIVITY 260C%# VIRUSES 443A 


ENDOTOXINS 
ANTIGENS/ANTIBODIES 32C# CARDIUVASCULAR SYS 
TEM 116E% HISTAMINE/ANTIHISTIMINICS 256F8 
HYPERSENSITIVITY 260DEF+261A-Fe262A-Di INFE 
CTION/RESISTANCE 265€ 


TISSUE RESPONSES 
ANTIGEN/ANTIBODY REACTIONS 17F% ANTIGENS/AN 
TIBODIES 29C+33F.35C%8 CARDIOVASCULAR SYSTEM 
94B! HYPERSENSITIVITY 261C+262EF+263A=F 3 
NEUROPHYSIOLOGY 3438 


HYPERTENSIN 
ENDOCRINES 1780 


HYPERTENSION 
SEEs CARDIOVASCULAR SYSTEM=BLOOD PRESSURE HY 
PERTENSION 


HYPERTHERMIA 
SEEt ENVIRONMENT-HYPERTHERMIA 


HYPOGLYCEMIA 
CARBOHYDRATES 798% ENDOCRINES 19001191F +192 
CF% GASTROINTESTINAL 247A+250At NEUROPHYSI 
OLOGY 3298 


HYPOTENSION 
CARDIOVASCULAR SYSTEM 117B% ENDOCRINES 183A 


HYPOTENSIVE AGENTS 
CARDIOVASCULAR SYSTEM 109£+315F 


HYPOTHALAMUS 
SEEs NEUROPHYSIOLOGY=-BRAIN-HYPOTHALAMUS 


HYPOTHERMIA 
SEEs ENVIRONMENT-HYPOTHERMIA 


HYPOXIA 
CARBOHYORATES 85F% CARDIOVASCULAR SYSTEM 89 
FelO0l1E*104Fs1208,127C+128E+129E# ENDOCRINES 
178E§ ENVIRONMENT 209F ¢2100F 0211892146 e215E 
LIVER 286A% NEUROPHYSIOLOGY 325A! RESPIRAT 
ION 4S20A¢422F 04308 


HYPOXONTHINE 
CARDIOVASCULAR SYSTEM I01E 


IMIDAZOLES 
NUCLEIC ACIOS/NUCLEOTIDES 352C¢ 
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IMIPRAMINE 
DRUG METABOLISM 173C%t NEUROPHARMACOLOGY 32 
Et PSYCHOPAARMACOLOGY 3930+3948+395D+396a8, 
397F 


IMMUNIZATION 
CARDIOVASCULAR SYSTEM 93C 


IMMUNOELECTROPHORESIS 
SEE: ANTIGEN/ANTIBODY REACTIONS=PRESCIPITAT] 
ON~IMMUNOELECTROPHORESIS 


IMMUNOFLUORESCENCE 
SEE: ANTIGEN/ANTIBODY REACTIONS IMMUNOF.UORE 
SCENCE 


INDOLE ACETIC ACID 
DRUG ACTION 169A 


INDOLES 
ENZYMES 2350E% LIVER 2908 


INDUSTRIAL TOXICOLOGY 
SEE8 TOXICOLOGY=rNDUSTRIAL 


INFECTION#RESISTANCE 

ANTIGEN/ANTIBODY REACTIONS 150% ANTIGENS/AN 

TIBODIES 216+228,25Fe32C+40B1 CELL/TISSUE ¢ 

ULTURE 154A CHEMOTHERAPY 15604! ENDOCRINES 
194A8 HYPERSENSITIVITY 261F% INFECTION/RE 

SISTANCE 264A=Fe265A-Di NUTRITION 365B+370F 
+ RADIATION 4OOFS VIRUSES 4366+437E+U42Br4 

U3AF+445D 


RETICULOENDOTHELIAL SYSTEM 
ANTIGENS/ANTIBODIES 23€&+258% BLOOD 64As EW 
ZYMES 2170! HISTAMINE/ANTIHISTIMINICS 256F; 

INFECTION/RESISTANCE 264C+265BEF#266A=D! 
RADIATION 399E 


VACCINES 
HYPERSENSITIVITY 263C4 INFECTIUON/RESISTANCE 
266E% VIRUSES 4378 +445C0e446E 


INFLAMMATION 
BLOOD 64At CARDIOVASCULAR SYSTEM 100B+e134C: 
CONNECTIVE TISSUE 158F+159A0100At ENDOCRI 
NES 178A! HISTAMINE/ANTIHISTIMINICS 256F1 
NUTRITION 369D 


INFLUENZA 
VIRUSES 445C 


INHIBITORS 
NEUROPHARMACO.O0Gy 322C 


INOSTNE 
BLOOD 65A#t CARDIOVASCULAR SYSTEM 101E 


INOSINE TRIPHOSPHATE 
NUCLEIC ACIDS/NUCLEOTIDES 358C 


INOSTTOL 
LIPIDS 278A9281C 


INSECTS 
NEUROPHYSIOLOGY 337D! NITROGEN METABOLISM 3 
50E% NUTRITION 365A 


INSULIN 
SEE: ENDOCRINES=INSULIN 


INTESTINES 

SEE ALSUt GASTROINTESTINAL~SECRETIONS=INTEST 
INALe VIRUSES=VISCEROTROPIC VIRUSES. ANTIG 
ENS/ANTIBODIES 25F% CARDIOVASCULAR SYSTEM 9 
8Fe116B! CELL STRUCTURE/FUNCTIUN 137Ce1410E 
§ GASTROINTESTINAL 242CDE+243CDe 244F, 246CD1 
252F! NEUROPHARMACOLOGY 3160% RADIATION 40 
20 


INTRAVENOUS FAT 
LIPIDS 274F% RESPIRATION 423E 


INTRINSIC FACTOR 
ENDOCRINES 20308 PROTEINS/POLYPEPTIDES 377A 
+ VITAMINS 450CFe451A 


INULIN 
CARDIOVASCULAR SYSTEM 109C% CELL STRUCTURE/ 
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LOGY 32) 
D+ 39648, 


CIPITAT] 


NOF.LUORE 


1GENS/AN 
FISSUE ¢ 
JOCRINES 
> TION/RE 
5B + 3705 
~442B4 


4At EN 
S 256F; 
6A=DI 


ISTANCE 


Be 1 34Ci 
ENDOCRI 
256F1 


LISM 3 


INTEST 

ANTIG 
STEM 9 
¢ 1410E 
246CDr 
ION 40 


S 377A 


*TURE/ 


FUNCTION 141Be144uA% RENAL 416C 


IWERTASE 
SEE GLYCOSIDASES 


IWERTEBRATES 
RENAL 4OS5C 


JODINATED ACETAMIDOBENZOATE 
RENAL 416F 


{0DINAT ION 
PROTEINS/POLYPEPTIDES 386F 


JODINE 
MINERAL METABOLISM 296E 


JODINE METABOLISM 
SEE ALSU8 ENDOCRINES=THYROID GLAND-IODINE ME 
TABOLISM. ENDOCRINES 204C 


1000-SALICYLATES 
ENDOCRINES 202F 


J0D0ACETAMIDE 
ANTIGENS/ANTIBODIES 31F# ENZYMES 220D 


1OD0ACETATE 
ENZYMES 2200 


10D0DEOXYURIDINE 
NUCLEIC ACIOS/NUCLEOTIDES 357F+358A 


JODOURACIL(5=) 
NUCLEIC ACIDS/NUCLEOTIDES 357F 


10N TRANSPORT 
SEE’ RENAL=ION TRANSPORT 


JONIZING RADIATIONS 
SEEt RAOIATIONS=IONIZING 


IPRONIAZID 
CARDIOVASCULAR SYSTEM 128A# ORUG ACTION 165 


E+l169At ENDOCRINES 182C# NEUROPHARMACOLOGY 
318C+324D01 NEUROPHYSIOLOGY 340D! PSYCHOPH 
ARMACOLOGY 396E 


IRON 

BIOLOGICAL OXIDATIONS 44Fe45Ae4OD#t BLOOD 64 
Av67D+068C+70A4t LIPIOS 267Ai MINERAL METABO 
LISM 29100296F% NUCLEIC ACIDS/NUCLEOTIDES 3 
558% VITAMINS 451C 


ISCHEMIA 
CARDIOVASCULAR SYSTEM 103B8+129B%! GASTROINTE 
STINAL 252E 


ISOBUTYRIC ACID 
ENDOCRINES 190A% MUSCLE 302F 


ISOCARBOXAZID 
CARDIOVASCULAR SYSTEM 128E% ORUG ACTION 167 
Et NEUROPHARMACOLOGY 3060 


ISOLEUC INE 
AMINO ACIDS 3FI GASTROINTESTINAL 245F 


ISOMERASES 
CARBOHYDRATES 85At ENZYMES 2268 


ISONTAZIO 
PSYCHOPHARMACOLOGY 396E 


ISOPROPANOL 
CARBOHYDRATES 828 


ISOPROPYLIDENE 
NUCLEIC ACIDS/NUCLEOTIDES 361C 


ISOPROTERENOL 
CARDIOVASCULAR SYSTEM 126E+128E! NEUROPHARM 
ACOLOGY 315DE9316B8Ct RESPIRATION 4250 


ISOSERINE 
ENZYMES 235C 


ISOSORBIDE 
CARDIOVASCULAR SYSTEM 102D+103A 





SUBJECT 





INDEX xxxix 


ISOTOPES 
SEEs RADIATIONS=1SOTOPE TECHNIQUES 


IT 403 
SEE: TRYPTAMINE 


KANAMYCIN 
DRUG ACTION 167F 


KERATIN 
ENZYMES 219C 


DESMOLASES 
ENZYMES 216C 


KETOGLUTARIC AcID 
AMINO ACIDS 5D 


KETOSIS 
AMINO ACIDS 4C# ENDOCRINES 189F%! NUTRITION 
S64E 


KETOSTEROIDS(17=) 
ENDOCRINES 1746 


KIDNEY 
SEEs RENAL 


KINASES 
BLOOD 56BD+58A0,59E+68E# ENZYMES 226F+230Br 
233B0235EF+240ts NEUROPHYSIOLOGY 3430s NUC 
LEIC ACIDS$ NUCLEOTIDES 3558+358C! PROTEIN 
S/POLYPEPTIDES 38103! VIRUSES 439A! VITAMIN 
S 447E 

KINETICS 
NUCLEIC ACIDS/NUCLEOTIDES 352E%t PROTEINS/PO 
LYPEPTIDES 380E 


KREBt*S CYCLE 
SEE: CARBOHYDORATES-METABOLISM=CITRIC ACID CY 
CLE 


KRYPTON 
CARDIOVASCULAR SYSTEM 1338 


KWASHTORKOR 
NUTRITIUN 37180 


KYNURENIC ACID 
AMINO ACIDS 38 


LeHe 
SEEs LUTEINIZING HORMONE 


LACTALBUMIN 
PROTEINS/POLYPEPTIDES 384C 


LACTATION 
CELL STRUCTURE/FUNCTION 136Ct ENDOCRINES 18 
4D+186B91205At MINERAL METABOLISM 296E1 REP 
RODUCTIUN 418C 


LACTIC ACID 
BIOLOGICAL OXIDATIONS 448+45C# CARBOHYDRATE 
S 79E+82Et CARDIOVASCULAR SYSTEM 103Cs ENV 
TRONMENT 212£+215E% ENZYMES 220B% NEUROPHY 
SIOLOGY 341A 


LACTOBACILLI 
CONNECTIVE TISSUE 163E% VITAMINS 449F+450A 


LACTOGLOBULINS 
PROTEINS/POLYPEPTIDES 384DF 


LACTOSE 
MINERAL METABOLISM 2928 


LANOSTEROL 
SEE: LIPIDS-STEROLS 


LATHYRISM 
BONE 770% CONNECTIVE TISSUE 160F+161AD 





XxXxx 
LEARNING 
SEE: NEUROPHYSIOLOGY=-LEARNING 
LECITHIN 
LIPIOS 279&*¢280C1! LIVER 290A 
LEUCINE 
AMINO ACIDS 3SF% BLOOD S5S2At CELL STRUCTURES 
FUNCTION 147F4 LIPIDS 271F% NUTRITION 3640 
LEUCONOSTOC 
AMINO ACIDS 98 
LEUKEMIA 
SEE: BLUOD-LEUKOCYTES=LEUKEMIA 
LEUKOCYTES 
SEE: BLUOD-LEUKOCYTES 
LEVALLORPHAN 
DRUG ACTION 165) 
LIBRIUM 
SEEt CHUORDIAZEPOXIDE.s 
LIFE SPAN 
ENDOCRINES 1888 
LIGHT 
SEE ALSUt RADIATIONe DRUG ACTION 168F3 ENZ 
YMES 239E% NEUROPHARMACOLOGY 305E% NEUROPH 
YSIOLOGY 325CE#328Ae332E+3370e340AHS47BC3 Pp 


LANT METABOLISM 374C 


LIMBIC SYSTEM 
SEE: NEUROPHYSIOLOGY=BRAIN-LIMBIC SYSTEM 


LINOLEIC ACID 
CARDIOVASCULAR SYSTEM 9IE+96F% 
273A 


LIPIDS 271Ce 


LIPASES 
SEE ALSUt ESTERASES. 


NTESTINAL 253A 


ENZYMES 257B# GASTRO] 


LIPEMIA 
SEEs LIPIDS“STEROLS=METABOLISM 


LIPIOS 

BIOLOGICAL OXIDATIONS 41C# CARDIOVASCULAR S 
YSTEM 930+94F+968+197D% CONNECTIVE TISSUE 16 
2C% ENDOCRINES 183Ft GASTROINTESTINAL 248) 
+ HYPERSENSITivrTy 26008 LIPIDS 266F+267A=- 


Ft LIVER 287D% MUSCLE 298At NUTRITION 365 
Fs PROTEINS/POLYPEPTIDES 378A+s390B 
CHEMISTRY 


LIPIDS 268A-F+269ABCDFi NEUROPHYSIOLOGY 343 


ec 


~COMPLEX 
BLOOD 73c# CEL STRUCTURE/FUNCTION 135D8 C 
ONNECTIVE TISSUE 161F% LIPIDS 269DEF+1270ABy 
284D%! NEUROPHYSIOLOGY 3420 


.IPIOS 


-~STEROLS 
LIPIOS 270C 


FATStFATTY ACIDS 

AMINO ACIDS 9AC% BLOOD S4E$ BUDY WATER 75F 
t CARDIOVASCULAR SYSTEM SIE*93Fe94CD195B8F 09 
6DEF! CELL STRUCTURE/FUNCTION 14683 CELL/T 
ISSUE CULTURE 152F% ENDOCRINES 

NERGY METABOLISM 20704 HYPERSENSITIVITY 262F 
LIPIDS 269AE+270EF+271A=-De 280D9284BE% LIVE 
R 2888+289F+290E; MUSCLE 2970+302Ci NUTRIT 
TON 366A-F e367ABF + 368DFeS69A0371DF% RADIATI 
ON 402C# VITAMINS 448C 


~OXIDATION 
AMINO ACIDS 2Ct 
ENVIRONMENT 2090¢214B% 
DS 271EF#272A-04279E +2840 


BIOLOGICA. OXIDATIONS 49F% 
ENZYMES 226Dt LIPI 
NUTRITION 368B 


-SYNTHSIS 
AMINO ACIDS 4Dt CARDIOVASCULAR SYSTEM 114C3 
CELL/TISSVE CULTURE 151E% ENDOCRINES 199¢ 
*204D% ENVIRONMENT 21434 LIPIDS 271E+272EF 
+273A-Fe274A-E% NUTRITION 368A 
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-TRANSPORT 
CARDIOVASCULAR SYSTEM 950+#96C3 
INAL 244F¢245C# GENETICS 256D!3 
e273Be27UF e275AmF e276A—Fe277AMES 
367DE+368Ct RENAL 413E 


GASTROINTES 
LIPIDS 273 
NUTRITION 


PHOSPHOLIPIDS 
AMINO ACIOS 9D# BIOLOGICAL OXIDATIONS 459; 
BLOOD 578% CARDIOVASCULAR SYSTEM 90Fe92F; 
CELL/TISSUE CULTURE 152F% LIPIDS 276F+27% 
+27BA-Fe279A-Dt MUSCLE 298A! NUTRITION 36 
Av368Ce37I1F 


-METABOLISM 
CARDIOVASCULAR SYSTEM 93E4 CELL/TISSUE cur 
WRE 153C% GASTROINTESTINAL 25308 LIPIDS 27 
BBr279EF+280A-Es VIRUSES 44OF 


~SYNTHESIS 
LIPIDS 279F+280CF+1281A=-0 


STEROLS 
CARDIOVASCULAR SYSTEM 91A894AP9SCE ENDOCRIY 
ES 176F+1774C+179ABC+181A0187B+1196B+ 198A01% 
Mt ENZYMES 224C1 LIPIOS 2B1EF+*282ABt mus 
LE 302E4 PROTEINS/POLYPEPTIDES 378C 


-METABOLISM 
CARDIOVASCULAR SYSTEM 92CDFe9SACE 1 94CD + 96A15 
7B+999D% ORUG METABOLISM 174A%8 ENDOCRINES | 
T4EF*177F 0179001 84E 0198801990 +20081201 D+ 2063 
Ds GASTROINTESTINAL 245A0253C% GENETICS 2 
6Dt LIPIOS 266F.270CD1271Ds282U—-Fe 283A=F iy 
4A-F+285B 


-SYNTHESIS 
AMINO ACIDS 6Fi ENDOCRINES 1760¢177F 01818) 
ENZYMES 230F4 LIPIDS 2842+285A-Fi NITROG 
N METABOLISM 3504 


LIPOFUSCIN 
MUSCLE 298A 


LIPOIC ACID 
BIOLOGICAL OXIDATIONS 448 


LIPOPOLYSACCHARIDES 
ANTIGEN/ANTIBODY REACTIONS 18E+¢19D8 ANTIGE) 
S/ANTIBUDIES 26€% BIOLOGICAL OXIDATIONS suf 
ts HYPERSENSITIVITY 26009261E 


LIPOPROTEINS 
BLOOD 73C# CARDIOVASCULAR SYSTEM 97C}3 
ROINTESTINAL 2538 


GAST 
LIPIOS 267C+268F +284) 


LITHIUM 
MUSCLE 301D 


LIVER 
RADIATION 4O3 5. Bs AMINO ACIOS 3DFeUEr6E: 
9C% ANTIGENS/ANTIBODIES 22C+36Cs BIOLOGIC 
L OXIDATIONS 49a3 BLOOD S2AE+¢73F% CARBOHYDE 
RATES 79C+B80EF% CARDIOVASCULAR SYSTEM 94CD) 
95F+96E+990e1168.121B! CELL STRUCTURE/FUNC 
ION 136E+145Ce1U46E+147De14bAt CONNECTIVE TI 





SSUE 164E% DRUG METABOLISM 17000171F 017281! 
73BC% ENDOCRINES 189ACF+190F0191BC+192F 019 
CE+200E#202C+205c8 ENVIRONMENT 211C#_ ENZII 
ES 218C&+2226022600227F+236D123KE# HISTAMIN 
E/ANTIHISTIMINICS 2570! HYPERSENSITIVITY 2 
2B% INFECTION/RESISTANCE 265EF4 LIPIDS 266 
Fe269002710t274A,2760F 1277A0278Be 2B0ABDF #28! 
As284Ct LIVER 2R6A=Fe287A-Dt MINERAL META 
OLISM 2910+2930.296ABs NUCLEIC ACIDS/NUCLE) 
TIDES 360C% NUTRITION 367&e368Ce371CFs PR 
TEINS/PULYPEPTIDES 391ABD¢392Bs TOXICOLOGY 
433At VITAMINS 447Ee450CF +451 A0452F 


PATHOLOGY 
AMINO ACIDS 6D*9p! CARDIOVASCULAR SYSTEM 1! 
8D% CEL STRUCTURE/FUNCTION 137A# CELL/TIS 
SUE CULTURE 152D3; ORUG METABOLISM 170¢E3 & 
ZYMES 22941 GASTROINTESTINAL 248ABDs LIPID 
S 2670F*2768+277E% LIVER 287EF+286A-F e289 
Fe290A-Et NUTRITION 366C¢369A0371D8  PORPH 
RINS 3760D% RADIATION 4O3B% RENAL 4iles 7 
XICOLOGY 434E% VIRUSES 445ABt VITAMINS 447 
R 
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WAN 


WAN 


WAN 


TROINTESy 
PIDS 2715 
JTRITION 


NS 450} 
OF +928; 
276F 1277 
ITION 365 


SSUE CULT 
-IPIOS 27 


ENDOCRI\ 
19BAG1% 
‘Bi = MUSt 


CD 96AN9 
ICRINES | 
01D 2063 
IETICS 25 
‘BSA=F 12h 


Fe 181Bi 
NITROG 


ANT IGE 
TONS 4u 


C#  GAST 
#2840 


Fe UE 6b: 





TOLOGIC: 
C ARBOHY)) 
EM 9UCD 
RE /FUNCT 
CTIVE Tl 
Fe 17281) 
192F 019) 
+  ENZYH 
4ISTAMIN 
IVITY 2 
>IDS 26¢ 
ABDF + 28) 
AL METAR 
5 /NUCLED 
“Fs PRO 
ICOLOGY 


‘STEM 1! 
ELL/TIS 
‘Oe EN 

LIP) 
-F 9 289k 

PORPH! 
ler 1 
INS 447 





LOCOMOTION 
CELL STRUCTURE/FUNCTION 134F0142F1 
SIOLOGY 3348 


NEUROPHY 


D 
SEES LYSERGIC AcID 
\UCIFERIN 
ANTIGEN/ANTIBODY REACTIONS 11Et 
¢ 


ENZYMES 238 


LUMINESCENCE 
ENZYMES 238C 


LUNGS 
SEE! CARDIOVASCULAR SYSTEM=BLOOD FLOW=PULMON 


ARYe RESPIRATION 


LUPUS ERYTHEMATOSUS 
ANTIGEN/ANTIBOOY REACTIONS 13F 


LUTEINIZING HORMONE 
ENDOCRINES 187A 


LYMPH 
SEE: CARDIOVASCULAR SYSTEM=LYMPH 


LYSERGIC ACID 
DRUG ACTION 165A3 
NEUROPHYSIOLOGY 344F% 
7E 


NEUROPHARMACULOGY 320F% 
PSYCHOPHARMACOLOGY 39 


LYSINE 
AMINO ACIDS 4F?70C+8Ce9ABCF10DE8 
NTIBODIES 21C% NUTRITION 371A 


ANTIGENS/A 


LYSOLECITHIN 
LIPIOS 280C 


LYSOSOMES 
MUSCLE 298A+305¢ 


M 


WAGNESIUM 
SEEs MINERAL METABOLISM=Ke MGe NA 


MAGNESIUM ION 
BLOOD 53E# CARDIOVASCULAR SYSTEM 99F3 
MES 226F +2308 


EN2Y 


MAGNETISM 
CONNECTIVE TISSUE 1640 


MALATHION 
NEUROPHARMACOLOGY 324B% TOXICOLOGY 432BD 
MALETC ACID 
RENAL 408B 


WALETC ANHYDRIDE 
RENAL 4O7A 


WALIC ACIO 
BIOLOGICAL OXIDATIONS 45C3 
ENAL 414¢ 


ENZYMES 239Dt R 


WALIGNOLIPIN 
LIPIDS 2810 


WALONATE 
CARBOHYDRATES 800! LIPIOS 274CD 
MAMMARY GLANDS 
CELL STRUCTURE/FUNCTION 136C3 
6A+183C+184BC1186B+1196C+205a8 
418C 


ENDOCRINES 17 
REPRODUCTION 


WANGANESE 
ENDOCRINES 204A ENZYMES 217C 
MANNITOL 
CELL STRUCTURE/FUNCTION 1445 
SF 


RENAL 405F 04} 


WANNOSE 
CARBOHYDRATES 64¢ 
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MAPPING 

GASTROINTESTINAL 243A% RENAL 408D 
MARPLAN 

SEE: ISUCARBOXAZID 
MEASLES 

VIRUSES 436A 


MEAS!IJREMENT 


SEEs DRUG ACTION-QUANTITATIUNe TECHNIQUES 
MECAMYLAMINE 
NEUROPHARMACOLOGY 317E% RENAL 414A 
MEDULLA 
SEEs ENDOCRINES-ADRENAL MEDULLAe NEUROPHYSI 
OLOGY=BRAIN=MEDULLA 
MEGIMIDE 


RESPIRATION 420E 


MELANIN 
AMINO ACIOS 6A% 
ENDOCRINES 18503 


BIOLOGICAL OXIDATIONS 47F% 
ENZYMES 223A 


MEMBRANES 
SEE ALSUt CELL STRUCTURE-CELL MEMBRANES. CA 
ROIOVASCULAR SYSTEM 11980+126A8 CELL STRUCT 
URE/FUNCTION 137F¢141B0144A0e145C% ENDOCRINE 
S$ 1938% ENVIRONMENT 2088! NEUROPHYSIOLOGY 
S3STEOSSICE+SU6C,347F% RENAL 4060941383 REP 
RODUCTIUN 419C 


MEMORY 
NEUROPHYSIOLOGY 327C 


MENADI ONE 
VITAMINS 452AD 


MENSTRUATION 
NUTRITION 372F% CONNECTIVE TISSUE 162D 
MEPROBAMATE 
PSYCHOPHARMACO.~OGY 393E+359400397F 


MER 25 
SEE: ETHAMOXYTRIPHETOL 


MER 29 
SEEs TRIPARANOW 


MERALLURIDE 
RENAL 410C 


MERCAPTANS 
LIPIDS 285At PROTEINS/POLYPEPTIDES 3870 
MERCAPTOETHYLGUANIDINE 
RADIATIUN 4OOA 


MERCAPTOPURINES 
ANTIGENS/ANTIBODIES 26B+34Ar35B8E% 
PY 156C#t CONNECTIVE TISSUE 160A% 
27F 


CHEMOTHERA 
ENZYMES 2 


MERCAPTURIC ACIOS 
PROTEINS/POLYPEPTIDES 388F 


MERCURY COMPOUNDS 
BLOOD 6284! BONE 76C! 
NS/POLYPEPTIDES 379C8 


ENZYMES <2uFi 
RENAL 40364118 


PROTEI 


MESCALINE 
NEUROPHYSIOLOGY 332C 


METABOLIC ERRORS 
SEEs GENETICS=ERRORS OF METABOLISM 


METABOLISM 
SEEs CARBOHYDRATES=METABOLISMe CELL-METABOL 
TSMe MICROBIAL METABOLISMe NEUROPHYSIOLOGY 
-METABOLISMe ETC. 


METAHEXAMIDE 
ENDOCRINES 192C 


METALS 
NUCLEIC ACIDS/NUCLEOTIDES 356E%8 PROTEINS/POL 
YPEPTIDES 378) 





xxxxii 


METAMORPHOSIS 
ENDOCRINES 206A 


METANEPHRINE 
ENDOCRINES 1820 


METARAMINOL 
NEUROPHARMACOLOGY 3138 


METHACHOLINE 
CARDIOVASCULAR SYSTEM 129E 

METHAMINODIAZEPOXIDE 
PSYCHOPHARMACO.OGY 397F 


METHAMPHETAMINE 
PSYCHOPHARMACO.OGY 395C+S96F 


METHANDROLONE 
ENDOCRINES 177A:178A 
METHANOL 
CARBOHYDRATES 828 


METHASONE 
ENDOCRINES 179A 


METHEMOGLOBIN 
RLOOD 69E6+70E 


METHIONINE 
AMINO ACIDS 4E+SFe60F+78+8F19Es BLOOD S5BI 
CARDIOVASCULAR SYSTEM 96E% LIPIDS 281At N 
UCLEIC ACIDS/NUCLEOTIDES 3570! NUTRITION 37 
1A% PROTEINS/POLYPEPTIDES 3778138581 VITAM 
INS 449A 


METHOTREXATE 
HYPERSENSITIVITY 256C 


METHOXYFLURANE 
NEUROPHARMACOLOGY 312F 313A 


METHYL 18-EPIRESERPATE METHYL ETHER 
PSYCHOPHARMACO_OGY 393A 

DINYDROXYPNENYL=L=ALANINE (8-304-) 

NEUROPHYSIOLOGY 3444 


METHYL GROUPS 
AMINO ACIOS SF& PLANT METABOLISM 374B3 
TEINS/PULYPEPTIDES 3858 
3QuES TOXICOLOGY 4340 


PRO 


METHYL=3+ 4=DIHYOROXYPHENYLA.ANINE ( ALPHA~) 
NEUROPHARMACOL.OGY 320D 


METHYL=-N-BENXYL=2=PROPYNYLAMINE CHLURIDE 
NEUROPHARMACOLOGY 318D 


METHYLASPARTIC ACID(3=) 
NUCLEIC ACIDS/NUCLEOTIDES 359F 


METHYLCHOLANTRENE 
CELL/TISSUE CULTURE 15308 
73E 


DRUG METABOLISM 1 


METHYLENE BLUE 
NEUROPHYSIOLOGY 347F 


METHYLETHYLPHENYLHYDANTOIN 
BLOOD 71F% LIPIpS 2730 


METHYLPHOSPHONIC ACID 
BIOLOGICAL OXIDATIONS 418 


METRAZOL J 
SEEs PENTYLENETETRAZOLE 


MEVALONIC ACID 
LIPIOS 285F 


MICROBIAL METABOLISM 

AMINO ACIDS 4DF.68+10F% BIOLOGICAL OXIDATIO 
NS 48C# CARBOHYDRATES 80CD+85B84 CELL STRUC 
TURE/FUNCTION 1u2A% CONNECTIVE TISSUE 159E% 
ENZYMES 219BE*235EF% GENETICS 255F% HYPERS 
ENSITIVITY 261€% LIPIOS 270AF% NITROGEN Me 
TABOLISM 3508C0s NUCLEIC ACIDS/NUCLEOTIDES 3 
SIF e357EFe363C# PROTEINS/POLYPEPTIDES 391F3 
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VITAMINS 449F 450A 


MICROELECTRUDES 
SEE: ELECTRODES 


MICROORGANISMS 
SEE ANTIGENS/ANTIBODIES=MICROORGANISMS, 
TABOLISM=MICROBIAL» NUTRITION-MICROBIAL 


ME 


MICROSOMES 
SEE: CELL STRUCTURE=MICROSOMES 


MICROWAVES 
RADIATIUN 401BE 


MID=-BRAIN 
SEE: NEUROPHYS1OLOGY-BRAIN-MID-BRAIN 


MILK 
MINERAL METABOLISM 291E+292F 


MINERAL METABOLISM 
BIOLOGICAL OXIDATIONS 43A8 BLOUD 68F! BONE 
76B'77As CARDIOVASCULAR SYSTEM 118A0128¢) 

DRUG METABOLISM 174BR% ENDOCRINES 198F1 EN 
VIRONMENT 208AD+ LIPIDS 28481 MINERAL META 
MUSCLE 297AE! 


BOLISM 290F+291A-F s292ABE4 
ENAL 411D 
CAe P 
AMINO ACIDS 9D4! BIOLOGICAL OXIDATIONS 418) 
BONE 76CF% CARBOHYDRATES B1F% CARDIOVASC 


LAR SYSTEM 101A¢129D% CELL STRUCTURE/FUNCT] 
ON 137E*146A8 CELL/TISSUE CULTURE 1486€9153¢ 
+ ENDOCRINES 194BDEFt LIPIOS 267E% MINERA 
L METABULISM 291¢CF +1292B-F #293A-Ds 294CD1 2960) 
NEUROPHYSIOLOGY 337E+339F% NITROGEN METAR 
OLISM 349C% NUCLEIC ACIOS/NUCLEOTIDES 3546) 
NUTRITION 36503 RENAL. 412ACH8 VIRUSES 44) 
F 
Ke MGe NA 
BLOOD 64C+67E%! CARBOHYDRATES 81B% CARDIOVA 
SCULAR SYSTEM 900+101F 0112Ce114De122Fe127E3 
CELL STRUCTURE/FUNCTION 137B80158A0139Ce14IA 
e142B0143E% CELL/TISSUE CULTURE 148E% CONN 
FCTIVE TISSUE 162D# ENDOCRINES 1778¢196E! 
ENVIRONMENT 210€3 GASTROINTESTINAL 25283 H 
ISTAMINE/ANTIHISTIMINICS 257A MINERAL META 
BOLISM 291Fe293AEF +294A-E1296C#8 MUSCLE 2978 
t NEURUPHARMACOLOGY 314At NEUROPHYSIOLOGY 


339F*S42At NITROGEN METABOLISM 349C% RENAL 
4O4E +41 2404130 
TRACE 
AMINO ACIDS 108% BLOOD 64AC% BONE 7708 CA 


RDIOVASCULAR SYSTEM 118E# CONNECTIVE TISSUE 
160C# ENDOCRINES 205C% ENZYMES 229A-241B) 
LIPIDS 267AF% MINERA. METABOLISM 291CD129 


4Fe295A-Fe296A-Fi NUCLEIC ACIDS/NUCLEOTIDES 


3S54E% NUTRITION 373A% PORPHYRINS 3768 P 
ROTEINS/POLYPEPTIDES 382C# RENAL 4OSCr VIT 
AMINS 451C 

MITOCHONDRIA 
SEE: CELL STRUCTURE=MITOCHONDRIA 

MITOMYCIN 
CELL/TISSUE CULTURE 154F% DRUG METABOLISM | 
730 


MOLECULAR WEIGHT 
BLOOD S55E% 
NZYMES 23945 


CELL STRUCTURE/FUNCTION 14188 £ 
NUCLEIC ACIOS/NUCLEOTIDES 3578 


MOLYBDENUM 


BONE 770% MINERAL METABOLISM 296BCD 


MONAMINE OXIDASE 
SEE ALSU! ENZYME INHIBITIONS NEUROPHARMACOL 
OGY=MONAMINE OXIDASE INHIBITORSe 


CARDIOVASCULAR SYSTEM 89£+128A% DRUG ACTION 


169A! ENDOCRINES 182C# ENZYMES227B81237D1 
NEUROPHARMACOLUGY 3088+318DE+322C+32uDs PSY 
CHOPHARMACOLOGY 394E 
MONOSACCHARIDES 
SEE: CARBOHYDRATE S=METABOLI SM=MUNOSACCHARIDE 
CONVERSIONS 
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=N METAB 
cS 354E) 
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el27EI 
SOC eT 4th 
4 CONN 
196Et 
5281 H 
AL META 
LE 2978 
TOLOGY 
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7o8 CA 

TISSUE 
Ar241Bi 
91CD129 
EOTIDES 
768% P 
Ce VE 


OL ISM | 


HIBI £ 
ES 3578 
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23701 
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WORPHINE 
NEUROPHARMACOLOGY 308F+309ABDE +31080E+1311ABC 
¢321D¢323F% PSYCHOPHARMACOLOGY 397CD 


WOTILITY 
SEEs GASTROINTESTINAL=MOTILITY 


WOTIVATION 
SEE NEUROPHYS1OLOGY=MOTIVATION 


uSH (MELANOCYTE STIMULATING HORMONE) 
SEE: MELANIN 


WUCINS 
ANTIGEN/ANTIBODY REACTIONS 1681! CARBOHYORAT 


ES 87C 


wUCOTOS 
BLOOD 66A 


WUCOLIPIDS 
NEUROPHYSIOLOGY 3420 


wUCOPOLYSACCHARIDES 
SEEs CONNECTIVE TISSUE=MUCOPOLYSACCHARIDES 


WUCOPROTEINS 
CONNECTIVE TISSUE 159B! PROTEINS/POLYPEPTID 
ES 376E 


wURAMIC ACID 
CARBOHYDRATES 768A 


MUREXIDE 
NUTRITION 3708 


MUSCLE 
SEE ALSU8 CARDIOVASCULAR SYSTEM=BLOOD FLOW-M 
USCLEe BIOLOGICAL OXIDATIONS 46C% BLOOD 61 
Bt CARDIOVASCULAR SYSTEM 90CH114A% CELL ST 
RUCTURE/FUNCTION 142C# ORUG ACTION 165At M 
USCLE 297A=-Dt! NEUROPHYSIOLOGY 332Fe337C1 P 
ROTEINS/POLYPEPTIDES 379F! TOXICOLOGY 43538 


CHEMICAL PROPERTIES 
ANTIGEN/ANTIBODY REACTIONS 16At CARBOHYDRAT 
ES 830+87B% CELL STRICTURE/FUNCTION 13403 
CELL/TISSUE CULTURE ‘55A# ENDOCRINES 193F3 

ENZYMES 237A% MINERAL METABOLISM 293F+294E 
t+ MUSCLE 297EF+298ABCe301E+3S02F% NUTRITION 
3678 


CONTRACTILE PROTEINS 
MUSCLE 298DEF +299A-F *#30009301Bt NEUROPHARMA 
COLOGY 308A 


CONTRACTION 
CARDICVASCUBKAR SYSTEM 1030¢120D91230+1250012 
6C+129Bt CELL STRUCTURE/FUNCTION I143Es CEL 
L/TISSUE CULTURE 148E% GASTROINTESTINAL 246 
CD# MUSCLE 300A-Fe301A=0e302As504Bi NEUROP 
HARMACO.OGY 315¢C+316Bt NEUROPHYSIOLOGY 337F 
e346EeS47A 


METABOLISM 
CARDIOVASCULAR SYSTEM 101A% CELL STRUCTURES 
FUNCTION 142B8% ENDOCRINES 193B! ENZYMES 23 
2Ft MINERAL METABOLISM 293DE+295C% MUSCLE 
297A3500B+ SO1EF e 302A=-F se SOSABC 


WYONEURAL JUNCTION 
MUSCLE 300At303DEF+304A=-0! NEUROPHARMACOLOG 
Y 307E+318A 


PHYSICAL PROPERTIES 
CARDIOVASCULAR SYSTEM 1048+109F# CONNECTIVE 
TISSUE 158E% MUSCLE 299F1304EF*+305A4 NEUR 

OPHYSIOLOGY 3398p 


MUSCULAR DYSTROPHY 
MUSCLE 2970+299F¢301F ¢302BE+3038C 


MUSHROOM 
BIOLOGICAL OXIDATIONS 488 


NUTAGENESIS 
TNFECTIUN/RESISTANCE 264A 
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MUTASES 
CELL STRUCTURE/FUNCTION 135E% ENZYMES 2200+ 
233A 


MYASTHENIA GRAVIS 
ANTIGENS/ANTIBUDIES S8Ci ENZYMES 236F 


MYCOBACTERIA 
BIOLOGICAL OXIDATIONS 43E+50E 


MYCOPLASMA 
CONNECTIVE TISSUE 159E 


MYELIN 
ANTIGENS/ANTIBODIES 380% NEUROPHYSIOLOGY 34 
38 


MYLERAN 
SEEs DINETHANESULFONOXYSUTANE (1 ¢4=) 


MYOGLOBINS 
PROTEINS/POLYPEPTIDES 381A 


MYONEURAL JUNCTION 
SEE MUSCLE=MYONEURAL JUNCTION 


MYONIC ACID 
NUCLEIC ACIDS/NUCLEOTIDES 355C 


MYOSIN 
ENZYMES 232Ft MUSCLE 298D+299BCDF% NUCLEIC 
ACIOS/NUCLEOTIDES 359D 


MYOTOMIA 
NEUROPHYSIOLOGY 337F 


MYXOVIRUSES 
SEEs VIRUSES-RESPIRATORY VIRUSES<MYXOVIRUSES 


NALORPHINE 
DRUG ACTION 1650: NEUROPHARMACULOGY 310DE 


NAPHTHOQUINUNE 
BIOLOGICAL OXIDATIONS 518% BLOUD 53D 


NAPHTHOTOCOPHEROL 
BIOLOGICAL OXIDATIONS 50E 


NAPHTHYL~ISU-THIOCYANATE (ALPHA) 
GASTROINTESTINAL 24u8At LIVER 289C 


NAPHTHYLAMINE (2) 
BIOLOGICAL OXIDATIONS 4IF 


NARCOSIS 
DRUG METABOLISM 170C 


NAUSEA 
TOXICOLUGY 435C 


NECROSIS 
CELL STRUCTURE/FUNCTION 136C 


NEMBUTAL 
NEUROPHYSIOLOGY 332F! PSYCHOPHARMACOLOGY 39 


3E 


NEOMYCIN 
DRUG ACTION 167F 


NEOPLASMS 
SEE ALSU!t CELL/TISSUE CULTURE=NEOPLASMS. AN 


TIGEN/ANTIBODY REACTIONS 158+170% ANTIGENS/ 
ANTIBODIES 34F¢35Fe368+39DE% BLOOD 58C+62F re 
63F 0668072097308 CELL STRUCTURE/FUNCTION 13 
5F0139A014208 CHEMOTHERAPY 1560+158C% CONNEC 
TIVE TISSUE 159&+160F +1648! ENDUCRINES 176Fe 
183C+184AC+1B87F oe} BBAtENZYMES 216D90227Ce257A5 
GASTRVINTESTINAL 243At HYPERSENSITIVITY 2 
62Ct LIPIDS 282at LIVER 287E+288A8+290DEs 
NEUROPHYSIOLOGY 3268C+3428e345Ai NUCLEIC A 
CIOS/NUCLEOTIDES 357C% PROTEINS/POLYPEPTIDE 
S 382E+388B1 VIRUSES 439F 
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NEPHROSIS 
BIOLOGICAL OXIDATIONS 4BEt ENDOCRINES 184E% 
RENAL 4048 


NEPHROTOXIN 
HYPERSENSITIVITY 262E 


NERVE CELLS 
SEE: NEUROPHYSIOLOGY: NERVE CELLS# REFLEXE 


S=-AXON 


NERVE FIBERS 
DRUG ACTION 1670s NEUROPHYSIOLUGY 3380+345E 
F 


NERVOUS SYSTEM 
SEE GASTROINTESTINAL=SECRETIONS=NERVOUS CON 
TROLe NEUROPHARMACOLOGYe NEUROPHYSIOLOGY e 
PSYCHOPHARMACOLOGYe VIRUSES=NEUROTROPIC VI 
RUSES 


NEURAMINIC ACID 
CONNECTIVE TISSUE 161F 


NEUROCHEMISTRY 
SEE NEUVROPHYSIOLOGY=-NEUROCHEMISTRY 


NEUROPHARMACOLOGY 
CELL STRUCTURE/FUNCTION 141F4 ORUG METABOLI 
$M 172C# MUSCLE 30401 NEUROPHARMACOLOGY 30 
5B-F+S06A=Fe307A=F e308ABCH NEUROPHYSIOLOGY 
328B+3400t PSYCHOPHARMACOLOGY 396B 


ANALGESIA# ANTIPYRETICS 
DRUG ACTION 1650+169D! NEUROPHARMACOLOGY 30 
BDEFtSO9A=FeS10A—-FeS1IA“Et PSYCHOPHARMACOLO 
GY 39704! RESPIRATION 425C 


ANESTHETICS 
CARDIOVASCULAR SYSTEM 131C# DRUG ACTION 167 
Del68At ENVIRONMENT 213A NEUROPHARMACOLOG 
Y 3078 e351 1F 031 2A—Fe3135A-01S20A05235DI NEUROP 
HYSIOLOGY 3258+330F +3378! PSYCHOPHARMACOLOG 
Y 395E% RADIATION 3980 


AUTONOMIC AGENTS 
CARDIOVASCULAR SYSTEM 89£+100D0111D0118F #119 
Eel22E*e134C# ORUG ACTION 166C# ENDOCRINES 
182E% ENVIRONMENT 21108 ENZYMES 2330+ GAS 
TROINTESTINAL 251Ft HYPERSENSITIVITY 26108 
MUSCLE SOSEF%! NEUROPHARMACOLOGY 307A+312Fy% 
3ISEFeS14A-Fe315040319C+3230' NEUROPHYSIOLOG 
Y 346At PSYCHOPHARMACO.OGY 3930+396CI RESP 
TRATION 4310 

“ADRENERGIC 
CARDIOVASCULAR SYSTEM 101C# DRUG ACTION 168 
Ct NEUROPHARMACOLOGY 314E+¢315B<Fe316A-F 9317 
ABC +318F 


-CHOLINERGIC 
CARDIOVASCULAR SYSTEM 90A% DRUG ACTION 1658 
1 GASTROINTESTINAL 251F% MUSCLE 304As NEU 
ROPHARMACOLOGY 307£+324B! PSYCHOPHARMACOLOG 
Y 395EF# RENA~ u4u12Et TOXICOLOGY 4328D+434D 


~GANGLIONIC 
CARDIOVASCULAR SYSTEM 89£+127A%t NEUROPHARMA 
COLOGY 317DEF e351 BA=Fe319ABC+324C48 RADIATION 
399A 


CENTRAL EFFECTS 

CARDIOVASCULAR SYSTEM 112F+#119A% DRUG METAB 
OLISM 171Fe172Cs ENDOCRINES 184F! NEUROPHA 
RMACOLOGY SO5DE+307ACD+3S0BACH311F e351 2A0314D, 
SIODEF ¢S20A-F e521 A-Fe322ABC+323E% NEUROPHYS 
TOLOGY 3280+329B8.332C+340B+S48At OBESITY 37 
308 PSYCHOPHARMACOLOGY 394AF¢395D! RADIATI 
ON 402E 


CONVULSANTS=ANTICONVULSANTS 
DRUG ACTION 165F: NEUROPHARMACULOGY 3200132 
2DEF#323A-Di NEUROPHYSIOLOGY 325A 


DEPRESSANTS 
CARDIOVASCULAR SYSTEM 113Fe132At DRUG aCTIO 
N 1678% DRUG METABOLIS4 171F% NEUROPHARMAC 
OLOGY 3509E+319F e320E+3230EF1 PSYCHOPHARMACO 
LOGY 3956 +394E9395B+3968+397Ci RENAL 4OBCS 
RESPIRATION 420E 
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NEUROHUMORAL TRANSMISSION 
CARDIOVASCULAR SYSTEM 106F% ENDOCRINES 195) 
+ NEURUPHARMACOLOGY 324A=-D 


PERIPHERAL EFFECTS 
CARDIOVASCULAR SYSTEM 1110% NEVROPHARMACO\) 
GY 307A+32UE 


STIMULANTS 
DRUG METABOLISM 172F%! NEUROPHARMACOLOGY 319 
Fe320F¢3238t PSYCHOPHARMACULOGY 396EF +3978 


NEUROPHYSIOLOGY 


LIPIDS 275C! NEUROPHYSIOLOGY 324Fe325A=F 13; 
6ABC #3290 


AUTONOMIC NERVOUS SYSTEM 
CARDIOVASCULAR SYSTEM 898CDe90At ENDOCRINES 
182Fe1683at ENVIRONMENT 21108 NEUROPHARMAL 
OLOGY SI4Fs NEUROPHYSIOLOGY 326DEF+338F +339 
F 


BASAL GANGLIA 
NEUROPHARMACOLOGY 318E+#319At NEUROPHYSIOL0G 
Y 327ABe336A 


BEHAVIOR 

CARDIOVASCULAR SYSTEM 91F*93B0129F% ENDOCR] 
NES 176ABt ENVIRONMENT 214E8 NEUROPHARMAC) 
LOGY 308C+321A'323F% NEUROPHYSIOLOGY 327A(C) 
EF e32B8A-F ¢ 329A0¢331CDeS32ADEF e 354ACeSS5BCDF, 

BS36AtS358AeS4O0AR se 3458 eS47AI NUTRITION 3648) 
OBESITY 373E% PSYCHOPHARMACOLOGY 393B8DEF13 
S4UABD+ 395A-D2 396aC + 397BCDF 


BRAIN 
AMINO ACIDS 2E% CARDIOVASCULAR SYSTEM 100E) 
CELL STRUCTURE/FUNCTION 141F e145F% DRUG HK 
ETABOLISM 173C% ENVIRONMENT 208Ce215E8 EN? 
YMES 239C# LIPIDS 269A! MINERAL METABOLISH 
294Et NEUROPHARMACOLOGY 306F ¢309D+311C1323 
At NEUROPHYSIOLOGY 3258+327Ce328A1329A=F 133 
OABFeS39F¢341D13u2AeS430F eS44CE+ 34584 NUTRI 
TION 368Bt PSYCHOPHARMACOLOGY 392E+396E1 4 
IRUSES 443¢ 


“BRAIN STEM 
ORUG ACTION 169E% NEUROPHARMACULOGY 3050132 
9Ct NEUROPHYSIOLOGY 3250+330C-Fe331A-Fe 3368 
EeS37A 


-~CEREBELLUM 
BIOLOGICAL OXIDATIONS 48A4! NEUROPHYSIOLOGY 
332A+348D 


-CEREBRUM 
CARDIOVASCULAR SYSTEM 100C# NEUROPHYSIOLOGY 
B25AD¢327At 329A, 332B—-F oe 3335A-DeS34C 0 341 F 9 343 
C+3480 


HYPOTHALAMUS 
CARDIOVASCULAR SYSTEM 132E! ENDOCRINES 1848 
Fel1B5CE+1B86ACDE,187A+18BAL195CD% ENVIRONMEN 
T 213A¢215At NEUROPHYSIOLOGY 327EF+3298133) 
De S3SEF e3S34A-F + 335AE 


“LIMBIC SYSTEM 
ENDOCRINES 18584 NEUROPHYSIOLOGY 331As3358- 
FeS36A 


~MEDULLA 
NEUROPHYSIOLOGY 336BCDF# RESPIRATION 430C 


~MIOBRAIN 
NEUROPHARMACOLOGY 320C% NEUROPHYSIOLOGY 327 
Fe33101336E+3378,348B1 RESPIRATION 431A 


“RETICULAR FORMATION 
NEUROPHYSIOLOGY 329C+330C+331AEs333F eo 330BF 13 
S7AB¢S48BE% RESPIRATION 430C 


ELECTROPHYSIOLOGY 
BONE 76At CARDIOVASCULAR SYSTEM 97E+9BA1124 
BE+125ABCFe126Fe1298D9130A0132E% CELL STRUC 
TURE/FUNCTION 138F+142C8 ENDOCRINES 185C+19 
3A01980% LIPIOS 275C% MUSCLE 300A+301A0130 
3EF# NEUROPHARMACOLOGY 308C+318F e320AFe 322E 
*324CDO% NEUROPHYSIOLOGY 32580F+326A+327A033 
NCDe331A0332F e338A-De S34ACEs 3350 S36ABDF 1 337 








INES 195) 


HARMACO\) 


LOGY 319 
DEF 9 3978 


$25 A=F 13; 


IDOCRINES 
OP HARMAC 
338F +339 


HYSTOL06 


ENDOCR] 
PHARMAC) 
Y 327AC) 
S35BCDF, 
N 3648) 
9SBDEF 13 


EM 100E) 

DRUG # 
SEs ENZ 
TABOLISH 
31109323 
29A=F 033 
t+ = NUTRI 
S96EN ¥ 


3050132 
\—F 0 3368 


TOLOGY 


STOLOGY 
41F 9343 


Es 1648 
TRONMEN 
298133) 


Ae 3358- 


430C 


\GY 327 
1A 


SOBF 13 


BAr124 

STRUC 
850019 
1A0¢30 
Fe 322e 
27A033 
DF +337 
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ACDEF ¢ 338A-F e 339A-E 1 34048 1341BC + S45F e SU6BCOF 
+3470¢348BF! REPRODUCTION 417F 


LEARNING 
ENVIRONMENT 21463 NEUROPHYSIOLUGY 336€+3539F 


+ 340AB 1343093488 


METABOLISM 
LIPIDS 274B% NEUROPHYSIOLOGY 340C=Fe341Ae34 


3c 


NERVE CEL.S 
NEUROPHARMACOLOGY 320A! NEUROPHYSIOLOGY 325 
Fe 331F e333C 133600, 338REtS4YIBCE eo 342C 1344s SU5A 
eS4GEFeSU7E + SUBEF, RESPIRATION 430C# VIRUSE 
Ss 443C 


NEUROCHEMISTRY 
AMINO ACIDS 2E% CARBOHYDRATES o3ABit CELL S 
TRUCTURE/FUNCTION 141F*#1460% DRUG ACTION 16 
70% DRUG METABOLISM 174C# ENDOCRINES 185F% 
LIPIDS 268A+269F +271A0278As280E% NEUROPHA 
RMACOLOGY 306BC,307F +312C0+31589321D+324D08 
NEUROPHYSIOLOGY 3298 +340C+341DEF se 342A-Fe 345A 
“FeS44UA-FeS45ABE; PROTEINS/POLYPEPTIDES 379 
Ft PSYCHOPHARMACOLOGY 396é 


PAIN 
NEUROPHARMACOLOGY 309ABe311BD09323F% NEUROPH 
YSIOLOGY 345¢ 


PERIPHERAL NERVES 
CARDIOVASCULAR SYSTEM 97F+114F% DRUG ACTION 
167D% ENDOCRINES 185F% MUSCLE 304C3 

NEURUPHARMACOLOGY 306B8% NEUROPHYSIOLOGY 
326C+3378+338B+ 3uS5DEF e SU6AmF 


REFLEXES 
CARDIOVASCULAR SYSTEM 99C¢101C+102C+¥103F +104 
Avl14EF¢11500120001328C% ORUG ACTION 169E% 
ENVIRONMENT 209A0212F% GASTROINTESTINAL 24 
2At NEUROPHARMACOLOGY 3050+¢308Ae310F+320Ci 
NEUROPHYSIOLOGY 325F e326D+327E +34 7A-£ se 3U9BI 
RESPIRATION 420C#427A 


“AXON 
NEUROPHYSIOLOGY 347F 


-CONDITIONED 
NEUROPHYSIOLOGY 335Fe339F eS40AeS4BA=DI PSYC 
HOPHARMACOLOGY 397F 


SPINAL CORD 
ENDOCRINES 185F% ENVIRONMENT 215E% NEUROPH 
ARMACOLUGY 308A,323B! NEUROPHYSIOLOGY 330B,r 
3U7D¢S4BEFe349hBs TOXICOLOGY 435A 


NEUROSPORA 
CELL STRUCTUREZFUNCTION 135C8 LIPIUS 279A% 
NUCLEIC ACIOS/NUCLEOTIDES 363¢ 


NEUROTROPIC VIRUSES 
SEE: VIRUSES-NEUROTROPIC VIRUSES 


NIACIN 
AMINO ACIDS 7CE% GASTROINTESTINAL 2448-2454 
+ VITAMINS 44B8E 

NIALAMIDE 
NEUROPHARMACOLOGY 323C% PSYCHOPHARMACO OGY 
396AE 


NICOTINAMIDE 
ENZYMES 221Ce2e3E 


NICOTINE 
BLOOD SBFE CARDIOVASCULAR SYSTEM B89CEs CEL 
L/TISSUE CULTURE 149288 ORUG ACTION 1688% 0D 
RUG METABOLIS” 3720% NEUROPHARMACOLOGY 307C 
+316F% PLANT METABOLISM 375E 


NICOTINIC ACID 
RIOLOGICAL OXIDATIONS 46E% BLOUD 64E% CARD 
TOVASCULAR SYSTEM 91A8 ORUG METABOLISM 174A 
+ ENDOCRINES 184uE% ENZYMES 227048 MINERAL 
METABOLISM 296A 


NITRIC ACID 
GASTROINTESTINAL 2518 





NITRILES 
CONNECTIVE TISSUE 1610 


NITRITES 
NITROGEN METABOLISM 349E 


NITROFURANS 
REPRODUCTION 418) 


NITROGEN METABOLISM 
AMINO ACIDS 2C+7ABCF+8BE+9C% ENDOCRINES 197 
BF+198ABs ENZYMES 226Ar2354Et LIPIUS 267E+2 
B4B% NITROGEN METABOLISM 349C-F3 NUTRITI 
ON 364€¢3700+3718+e372CE# PLANT METABOLISM 3 
74B%t PROTEINS/POLYPEPTIOES 378Cs RESPIRATI 
ON 422C# VITAMINS 447A0448D) 


NITROGEN MUSTARDOS 
CHEMOTHERAPY 157F% INFECTION/RESISTANCE 264 
At NUCLEIC ACIDS/NUCLESTIDES 3540 


NITROUS OXIDE 
BIOLOGICAL OXIDATIONS 47E 


NITROPHENYL ESTERS 
BLOOD S4A 


NITROSOMONAS 
NITROGEN METABOLISM 3509 


NITROUS OXIDE 
RESPIRATION 422D 


NOREPINEPHRINE 
CARDIOVASCULAR SYSTEM 100D*106E+#110 DF+116D+ 
121D00122Ae126C#134B10RUG ACTION 167C# DRUG 
METABOLISM 172E% ENDOCRINES 182CEF+183A% €E 
NVIRONMENT 20903 LIPIOS 270£+275Bi NEUROPH 
ARMACOLUGY 305C+306C #3088+315CE317AB+1319A032 
2A0323C% NEUROPHYSIOLOGY 335E+340De34uas 
NITROGEN METABOLISM 3490% PSYCHOPHARMACOLOG 
Y 396BC# RENA- u4O7C 


NORETHISTERONE 
ENDOCRINES 200r 


NORME TANEPHRINE 
ENDOCRINES 1820 


NORTESTOSTERONE 
PROTEINS/POLYPEPTIDES 378E 


NUCLEASES 
ANTIGEN/ANTIBODY REACTIONS 14A% BIOLOGICAL 
OXIDATIUNS 4B8E# CELL STRUCTURE/FUNCTION 138 
Ceol44Et ENZYMES 217F#219CD9221AB+254F3 MUSC 
LE 3038! NEUROPHYSIOLOGY 347F% NUCLEIC ACI 
NS/NUCLEOTIDES 351A0352°+3530+356AD+3588F 5 
PROTEINS/POLY°EPTIDES 3778CeS585As388E4 RENA 
L 416E 


NUCLEI 
SEE: CE~L STRUCTURE@NUCLEI 


NUCLEIC ACIDS 

SEE ALSU!t CELL/TISSUE CULTURE=NUCLEIC ACIDS. 
VIRUSES=NJCLEIC ACIDSe BIOLOGICAL OXIDATI 

ONS 430¢46E+470,51Cs B.000 64E+73BI CARBOH 

YORATES 82C+B4EFs; CELL STRUCTURE/FUNCTION 1 

35C+145C# ORUG ACTION 16774 ENZYMES 216E+2 

18£0219C+2270% LIPIDS 275&% MUSCLE 298B% 

NUCLEIC ACIDS/NUCLEOTIDES 351A-Fe352A0363E3 
PROTEINS/POLYPEPTIDES 390A% VIRUSES 439C3 
VITAMINS 449C 


CHEMISTRY 
AMINO ACIDS 7A# NEUROPHYSIOLOGY 342F8 NUCL 
EIC ACIOS/NUCLEOTIDES 352BCD 


-DNA 
CARDIOVASCULAR SYSTEM 128F% CELL STRUCTURES 
FUNCTION 147E% CELL/TISSUE CULTURE 154E8 N 
UCLEIC ACIDS/NUCLEOTIDES 352EF +353A-F se S54A~-E 
0359C+362C% VIRUSES 4388D 


“NUCLEOTIDES 
BIOLOGICAL OXIVATIONS 45E#47Cti CARBOHYDRATE 
S$ 78Ct CELL/TISSUE CULTURE 155£% CONNECTIV 
E TISSUE 168=% ENDOCRINES 17500179Fe187E8 
ENZYMES 223D0Ee22aBEs LIPIOS 26708 NUCLEIC 
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ACIDS/NUCLEOTIDES 354Fe355A-Di PLANT METABO 
LISM 375Ct PROTEINS/PO_YPEPTIDES 390F: VIR 
USES 436F 


-RNA 
ANTIGENS/ANTIBODIES 22C# CARDIUVASCULAR SYS 
TEM 128Ft CELL STRUCTURE/FUNCTION 1440E+147 
Et ENDUCRINES 197E% NUCLEIC ACIOS/NUCLEOTI 
DES 352AB+S55EF eS56A-Fe+357ABD+359C% PROTEIN 
S/POLYPEPTIDES 385A,S588A+35B89F + 390CHS91E 


METABOLISM 
BLOOD 64F% CE-L/TISSUE CULTURE 154Fs ENDOC 
RINES 185At MINERAL METABOLISM 296A! NUCLE 
TC ACIOS/NUCLEOTIDES 357C-Ft VIRUSES 423 


-DNA . 
CELL/TISSUE CU~TURE 155D% ENDOCRINES 1760+] 
96C# ENZYMES 23uF3 GENETICS 254C# NUCLEIC 
ACIOS/NUCLEOTIDES 351A+358AB+359C +361E +3628 
| VIRUSES 43604 VITAMINS 450A 


-NUCLEOTIDES 
BIOLOGICAL OXIDATIONS 410+¢460e48Fre49Bt BLOO 
D 640% CARBOHYDRATES 858! CARDIOVASCULAR §S 
YSTEM 101E% CHEMOTHERAPY 156Ci ENZYMES 220 
Be22109222F+2351Cs MUSCLE 298E% NEUROPHYSIO 
LOGY 341D# NUCLEIC ACIOS/NUCLEUTIDES 357E+3 
58C-F+13610935628Es VITAMINS 44U7Ar449F 


“RNA 
ANTIGENS/ANTIBODIES 28E! CELL STRUCTURE/FUN 
CTION 144F% ENDOCRINES 176Dt MUSCLE 299A% 
NUCLEIC ACIDS/NUCLEOTIDES 357As359ABCi NUT 
RITION 370C% PROTEINS/POLYPEPTIDES 387E+389 
ct RENAL 4I16E% VIRUSES 444C% VITAMINS 450 
A 


SYNTHESIS 
ANTIGENS/ANTIBODIES 34E# BLOOD 65B+71F% NU 
CLEIC ACIDS/NUCLEOTIDES S51CEs354ArS59DEF +36 
OAt VIRUSES 435eF+44SEFt VITAMINS 4488 


-DNA 
ANTIGEN/ANTIBODY REACTIONS 16C# BLOOD 718% 
CELL STRUCTURE/FUNCTION 148A! GASTROINTEST 
INAL 24208 LIVER 2860+287AB% NUCLEIC acIDS 
/NUCLEOTIDES 36068=-F e361AB+363B% RENAL 4O4DS 
VIRUSES 44uF 


NUCLEOTIDES 
CARBOHYDRATES 84Bt ORUS ACTION 168E% ENZYM 
ES 2270F# LIPIDS 281C#! NUCLEIC ACIDS/NUCLE 
OTIDES 352C+361C-F +3638 


“RNA 
AMINO ACIDS 1A# ANTIGEN/ANTIBOVY REACTIONS 
16C# CELL STRUCTURE/FUNCTION 147Fe148At EN 
7YMES 2318% NEUROPHYSIOLOGY 3458! NUCLEIC 
ACIOS/NUCLEOTIDES 362A-S+363A-E% PLANT META 
BOLISM 3758! PROTEINS/POLYPEPTIDES 378D 


NUCLEOSIDES 
SEE ALSUt NUCLEASESe DRUG ACTIUN 16603 LIP 
TOS 275E% LIVER 2680! NUCLEIC ACIDS# NUCL 
FOTIDES 354F% RENAL 407F+40B8AC 


NUCLEOTIDES 
SEE NUCLEIC ACIDS: CHEMISTRY=NUCLEOTI 
DES#t METABOLISM-NUCLEOTIDES# SYNTHESIS=NUC 
LEOTIDES. 


NUTRITION 
SEE ALSU# AMINO ACIOS=NUTRITIONe CARDIOVASC 
ULAR SYSTEM=ATHEROSCLEROSIS=NUTRITIONALe PR 
OTEINS/POLYPEPTIDES=NUTRITIONe ENERGY METAB 
OLISM 2078: ENZYMES 216A# GASTROINTESTINAL 
243C# LIPIOS 2690! MINERAL METABOLISM 292 
AE+293C#29UCDi NEUROPHYSIOLOGY 335F+338A% 
NUTRITION 363F*364At TOXICOLOGY 43Z2At VITA 
MINS 4518 


ANTMAL 
BLOOD 55C% CARDIOVASCULAR SYSTEM 95B196A1 
ENDOCRINES 1998; ENERGY METABOLISM 2070! J 
IPIDS 271C# MINERAL METABOLISM 293AN+294Er2 
95Fe296Di NEUROPHYSIOLOSY 328F% NUTRITION 
364BCD1366C1368D+369E+370A371IALS RENAL 413 
Ft VITAMINS 452¢ 
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ANTIBIOTICS 
GASTROINTESTINAL 244A% LIVER 2700 


CARBOHYDRATES 
AMINO ACIDS 9C# CARDIOVASCULAR SYSTEM 114C; 
ENERGY METABOLISM 2078% GASTROINTESTINAL 
24U5E% NUTRITION 364EFe365AD00371DE1373A 


CLINICAL 
CARDIOVASCULAR SYSTEM 95099608 NUTRITION 36 


5BC + 366F 


DISEASES 

AMINO ACIDS 6D*8BF+9D% BLOOD 55ABt CARDIOy 
ASCULAR SYSTEM 90C+118E% CELL/TISSUE CULTUR 
— 149C# CONNECTIVE TISSUE 159F$ HISTAMINE, 
ANTIHISTIMINICS 257A! -IPIDS 260A LIVER 2 
B8BCD+290DEt MINERAL METABOLISM 291F+295F3 
NUTRITIUN 365DE + 366CE+36781368B813718DF e372Ay 
373A! RENAL GOUEF*417C$ VITAMINS 447BCe dug 
Ce452E°453C 


FATS 

CARDIOVASCULAR SYSTEM 89F#91C+93BEF #94ACD195 
CDF e96ACDEF+97ABs CELL STRUCTURE/FUNCTION | 
46Bt LIPIDS 266F+267E+270C+271CDe2770E + 2830 
*284B-E% MINERAL METABOLISM 291F4 NUTRITIO 
N 365F + 366A-F e367A—-F e S6BA-F 2 S69AI TOXICOLOG 
Y 4330% VITAMINS 448C 


GERM-FREE 
NUTRITION 3698 


GROWTH=FACTORS 
ENDOCRINES 203C% MUSCLE 2970% NUTRITION 36 
O9C-FeS7OABE$ VITAMINS 44BF ee 4490, 454C 


MICROBIAL 
AMINO ACIDS 9B8*11ABi CONNECTIVt TISSUE 159E 
+163E% NITROGEN METABO.ISM 350D% NUCLEIC A 
CIDS/NUCLEOTIDES 358Fs359Fi NUTRITION 3720; 
VITAMINS 44BEF 


PROTEINS 

AMINO ACIDS 2C+7AFeBA=Ee9At CARDIOVASCULAR 
SYSTEM 95C+96A197Bi ENVIRONMENT 210A%~ ENZY 
MES 219D*226Ae228F% FOOD 241F! GASTROINTES 
TINAL 245DEF% LIPIOS 284B% LIVER 288B% MI 
NERAL METABOLISM 291F% NITROGEN METABOLISM 
S50EF# NUTRITION 364A03650¢370C-F 0371 A=F 157 
2h RENAL 406C 


RUMINANT 
NUTRITIUN 372B-E 


SURVEYS 
CARDIOVASCULAR SYSTEM 92B+960Br97A% FOOD 241 
Ct NUTRITION 3658013725 ¢373AB 


Oo 


OBESITY 
ENERGY METABOWISM 207A# OBESITY 373CDE 


O8STRUCTION 
MUSCLE 300F 


OCTAMETHYLDIAMINE 
REPRODUCTION 416E 


OLEIC ACID 
LIPIDS 273A 


OLFACTORY BULB 
NEUROPHYSIOLOGY 332B8+¢339Ae341C 


OLIGOSACCHARIDES 
SEE ALSU& CARBOHYDRATES=POLYSACCHARIDESe CA 
RBOHYORATES 77F segue 


ORGAN WEIGHTS 
ANTIGENS/ANTIBODTES 3408 CARDIUVASCULAR SYS 
TEM 128F% ENDOCRINES 176B+198B 


ORNITHINE 
AMINO ACIDS 1C# ENZYMES 231F% NEUROPHYSIOL 
OGY 344E 








0} 


0! 


0: 


EM 114C; 
ESTINAL 
73A 


ITION 36 


CARDIOy 
= CULTUR 
STAMINE/ 
LIVER 2 
1295F3 

Fe 372A, 
‘7BC 0 4ug 


4ACD195 
ICTION } 
'DE + 2830 
IUTRITIO 
XICOLOG 


TION 36 


UE 159€ 
C.EIC A 
N 3720) 


SCULAR 
| ENZY 
ROINTES 
3Bs MI 
SOL ISM 
| A=F 937 


OD 24) 


se «CCA 


R SYS 


YSIOL 





pRNITHURIC ACID 
ENZYMES 231F 


pROTIC ACID 
CELL/TISSUE CU-TURE 1550! LIPIDS 267Ds LIv 
ER 2860 


oSMOSIS 
CELL STRUCTURE/FUNCTION 137F% CONNECTIVE TI 
SSUE 158Et ENVIRONMENT 20808 RENAL 4O5F 


QUABAIN 
CARDIOVASCULAR SYSTEM 122ADE+1230E91266+128C 
130B% CELL STKUCTURE/FUNCTION 142B% LIPIDS 
2798 


OVARY 
FNDOCRINES 176A¢18780+1198C% REPRODUCTION 41 


TEF e419 


OXALATE 
AMINO ACIDS 4B 


OXIDASES 
SEE: BIOLUGICAL OXIDATIONS: CYTOCHROME 


St OXIDASESe REDUCTASESe 


OXIDATION 
SEE: BIULOGICA~ OXIDATIONSe LIPIDS=-FATS/FAT 
TY ACIDS-OXIDATIONS 


OXIDATIVE PHOSPHORYLATION 
SEE8 BIULOGICAL OXIDATION=OXIDATIVE PHOSPHOR 
YLATION 


OXIMES 
DRUG ACTION 169Fs ORUG METABOLISM 1728 


OXYGEN 

SEE ALSUt RESPIRATION=02+CO2 TRANSPORT. BLO 
OD 7OA# CARDIOVASCULAR SYSTEM 100CE+101A010 
2A0103F¢105Ce126Re131E*132B% CELL/TISSUE CU 
LTURE 1548% ENDOCRINES 2018+205C% ENERGY M 
FTABOLISM 206EF% ENVIRONMENT 212A021300214A 
*215E% LIVER 286Ae289At NEUROPHYSIOLOGY 32 
4Fe335At RESPIRATION 422B 


OXYHEMOGLOBIN 
RESPIRATION 423E 


OXYMORPHONE 
NEUROPHARMACOLOGY 3110 


OXYTOCIN 
ENDOCRINES 1840-186B+195A0196A 


OZONE 
ENDOCRINES 203A% RESPIRATION 420D 


PAIN 
SEE: NEUROPHYSIOLOGY-PAIN 


PALMITIC ACID 
LIPIDS 271E0276Fe277A0279E 


PANCREAS 
SEE ALSU8 GASTROINTESTINAL=SECRETIONS=PANCRE 
ATICe AMINO ACIDS 6D# CARBOHYDRATES BFS 
ENDOCRINES 1910 GASTROINTESTINAL 2426, 248C 
$ LIVER 287Ct PROTEINS/POLYPEPTIDES 376E 


PAPAIN 
BONE 778% CARDIOVASCULAR SYSTEM 94E8 ENZYM 
ES 2354At PROTEINS/POLYPEPTIDES 3808 


PARALYSIS 
NEUROPHYSIOLOGY 3308! TOXICOLOGY 435A 


PARANYLENE 
CONNECTIVE TISSUE 158F+159A 


PARASITES 
SEE ALSU8 CHEMOTHERAPY=PARASITOLOGICe NUTRI 
TION 3738 


SUBJECT 
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PARATHION 
TOXICOLUGY 4340 


PARATHORMONE 
SEE: PARATHYROID GLAND 


PARATHYROID GLAND 
SEE ALSUS ENDOCRINES-PARATHYROIVe MINERAL M 
ETABOLISM=CALCIUM AND PHOSPHOROUSe BONE 76F 


PAROTIO GLANDS 
NEUROPHYSIOLOGY 348A! VIRUSES 4400 


PATHOGENETIC REACTIONS 
SEEs ANTIGEN/ANTIBODY REACTIONS=“IN VIVO REAC 
TIONS=PATHOGENETIC 


PEG 200 
TOXICOLUGY 434F 


PENICILLIC ACID 
CARBOHYDRATES 80D 


PENICILLIN 
ANTIGEN/ANTIBODY REACTIONS 130% ANTIGENS/AN 
TIBODIES 28F%t DRUG ACTION 170A | ENZYMES 2 
328 


PENICILLINASE 
SEE: PRUTEASES 


PENICI&LIUM 
CARBOHYDRATES #0C 


PENIS 
NEUROPHYSIOLOGY 331C 


PENTAERYTHRITOL TEITRANITRATE 
CARDIOVASCULAR SYSTEM 1020 


PENTAMETHYLENEMETRAZOL 
NEUROPHARMACOLUGY 322F 


PENTENOIC ACID 
LIPIOS 285F 


PENTOSE=PHOSPHATE 
CARBOHYDRATES 81F 


PENTYLENETETRAZOL 
BLOOD 56Ct NEUROPHARMACOLOGY 322E% NEUROPH 
YSIOLOGY 3254 


PEPSIN 
ENZYMES 229C0+2359A% PROTEINS/POLYPEPTIDES 38 
3A 


PEPTIDES 
SEEs PROTEINS/POLYPEPTIDES 


PERIPHERAL BLOOD F.Ow 
SEE: CARDIOVASCULAR SYSTEM-BLOOD FLOW 


PERIPHERAL NERVES 
SEE: NEUROPHYSIOLOGY=PERIPHERAL@NERVES 


PEROXIDE 
BLOOD 63BC 


PHENANTROLINE 
ENZYMES 2370+263E 


PHENAZINE=1 CARBOXYLIC ACID 
NITROGEN METABOLISM 3503 


PHENTIPRAZINE 
PSYCHOPHARMACO.OGY 396E 


PHENOL 
ENZYMES 230A 


PHENOTHIAZINES 


PHENOXYACETIC ACID 
NEUROPHARMACOLUGY 311F 


_ PHENOXYBENZAMINE 
NEUROPHARMACOLOUGY 315E+316A 





xxxxviii 


PHENTOLAMINE 
LIPIOS 276C# NEUROPHYSIOLOGY 348C 


PHENYL NITRUGEN COMPOUNDS 
MUSCLE 297F 


PHENYLALANINE 
AMINO ACIDS 2Fe6Fi CEL. STRUCTURE/FUNCTION 
136Et CELL/ZTISSYE CULTURE 1540! DRUG ACTIO 
N 169C# PLANT METABOLISM 373F 


PHENYLBUTAZUNE 
DRUG METABOLISM 173A 


PHENYLCYCLOPROPYLAMINE 
CARDIOVASCULAR SYSTEM 128E% ENZYMES 2370 


PHENYLISOBUTYLHYDRAZINE 
NEUROPHARMACOLOGY 322C 


PHENYLISOPRUPYLHYDRAZINE 
ORUG METABOLISM 171E8 NEUROPHARMACOLOGY 322 
C+3240 


PHENYLKETONURIA 
AMINO ACIDS 2F 


PHENYLURETHANE 
DRUG METABOLISM 170C 


PHEOMELANIN. 
AMINO ACIDS 6A 


PHLORIZIN 
AMINO ACIDS 20% RENAL 417A 


PHOSPHATASES 

BIOLOGICAL OXIDATIONS SOF% CARBOHYDRATES 84 

FeBSCICELL STRUCTURE/FUNCTION 136F 1138480145 

BICELL/TISSUE CULTURE 152E%! ENDOCRINES 201E 
ENZYMES#2338e236Ae237A02400% GENETICS 25 

SDtINFECTION/RESISTANCE 26688 MUSCLE 299E+3 

900% NUCLEIC ACIDS SS7AI NUTRITION 364 

0+371C#8 PLANT METABOLISM 374E 


PHOSPHATES 
BIOLOGICAL OXIDATIONS 430% BLOUD 64D! CARD 
TOVASCULAR SYSTEM 123E+127C% ENDOCRINES 190 
&e1940% MUSCLE 298C! NEUROPHYSIOLOGY 34103 
RADIATION 4OOAs RENAL 413C 


PHOSPHATIDYL CHOLINE 
LIPIOS 276F 


PHOSPHATIDES 
LIPIDS 279F 


PHOSPHATIDYLSERINE 
BLOOD 548% LIPIDS 278D 


PHOSPHOCREATINE 
NEUROPHYSIOLOGY 342F 


PHOSPHOGLYCULIC ACID 

BLOOD 65At PLANT METABOLISM 374E 
PHOSPHINOSITIDES 

LIPIOS 278AE 


PHOSPHOLINE IODIDE 
ENZYMES 236F 


PHOSPHOLIPIDS 
SEE: LIPIDS-PHOSPHOLIPIDS 


PHOSPHORESCENCE 
DRUG ACTION 168F 


PHOSPHOROUS 
SEE: MINERAL METABOLISM=CALCIUM AND PHOSPHOR 
ous 


PHOSPHORYLASES 
SEE ALSUt TRANSFERASESe ENZYMES 2308 


PHOSPHORYLATION 
SEE: BIULOGICAY OXIDATIONS-UXIDATIVE PHOSPHO 
RYLATION 


PHOSPHORYLETHANOLAMINE 
LIPIOS 280F 
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PHOSPHOSERINE 
ENZYMES 233A 


PHOTOSYNTHESIS 
SEE: CARBOHYORATES=PHOTOSYNTHESIS 


PHTHALIMIDINE 
RENAL 4100 


PHYSOSTIGMINE 
NEUROPHARMACOLOGY 306F*¢319E% RENAL 412E 


PIGMENTS 
BLOOD 70Ct NUTRITION 363F1 PSYCHOPHARMACOL) 
GY 392D%# VITAMINS 449D 


PIPECOLIC ACID 
AMINO ACIDS 9F 


PIPERAZINE PHENOTHIAZINES 
PSYCHOPHARMACO.O0GY 393C 


PIPERIDIENE CARBOXYLIC ACID 
AMINO ACIDS 9F 


PIPERIDINE HYDROCHLORIDE (1=-(1-PHENYLCYCLOHEXYL)) 
NEUROPHARMACOLOGY 306A 


PITRESSIN 
SEE ALSUt VASOPRESSINe RENAL 4078 


PITUITARY GLAND 
SEE: ENOOCRINES=<ANTERIOR PITUITARY# POSTER] 
OR PITUITARY 


PLACENTA 
CELL/TISSUE CULTURE 1548! ENDOCRINES 197C} 
MINERAL METABOLISM 294E% REPRODUCTION 418} 
VITAMINS 4518 


PLANT METABULISM 
AMINO ACIDS 10E% CARBOHYDRATES 82F+88ACDE} 
NITROGEN METABOLISM 350A% NUCLEIC ACIDS/NU 
CLEOTIDES 362C# PLANT METABOLISM 373Fe374A- 
FeS75A-Fi PROTEINS/POLYPEPTIDES 377E+390E 


PLASMA PROTEINS 
SEE BLUOD=-PLASMA PROTEINS 


PLASMALOGEN 
LIPIOS 278F +2808 


PLASMIN 
BLOOD S8A+S59ABE 


PLASMINOGEN 
BLOOD 58AE+60BC 


PLASMODIUM 
CHEMOTHERAPY 158) 


PLATELETS 
SEE: BLUOD-COAGULATION=PLATELETS 


PNEUMOCOCCI 
BLOOD 62D 


POLAROGRAPHY 
ENZYMES 231A% RESPIRATION 4228 


POLIOMYELITIS 
SEE VIRUSES-ENTEROVIRUSES-POLIUMYELITIS 


POLLEN 
ANTIGEN/ANTIBODY REACTIONS 140% ANTIGENS/AN 
TIBODIES SOFt INFECTION/RESISTANCE 2648 


POLY ANION 
RIOLOGICAL OXIDATIONS 49A 


POLYBRENE 
SEE: HEXADINETHRINE BROMIDE 


POLYENOIC ACIDS 
RADIATION 402C 


POLYMERASES 
NUCLEIC ACIDS/NUCLEOTIDES 300F+361B 
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POL 
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POS 
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PRE 


PRE 


PRE 


PRE 


PRE 


PRE 


PRE 


PR] 


PR] 
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PRC 


PRI 


H12E 


RMACOLO 


HEXYL)) 


POSTER] 


197Ct 
N 418) 


BACDEt 
>IDS/NY 
=e S74A- 
) SIOE 


1S 


ENS/AN 
4B 





pOLYMYXIN 
GASTROINTESTINAL 252A 


pPOLYOXYETHY ENE MONOSTEARATE 
NUTRITION 365E 


pOLYPHOSPHATE 
CELL STRUCTURE/FUNCTION 135C 


pPOLYPORUS 
CARBOHYORATES 85E 


pOLYSACCHARIDES 
SEE ANTIGENS/ANTIBODIES=POLYSACCHARIDESe C 
ARBOHYDRATES=METABOLISM=PO_YSACCHARIDES 


pPOLYVINYLPYRROLIDONE 
GASTROINTESTINAL 2428 


pORPHOBILINUGEN 
PORPHYRINS 376A 


PORPHYRINS 
BLOOD 65E+67D968D+70C# PORPHYRINS 376A=D3 
PROTEINS/POLYPEPTIDES 3848 


POSTERIOR PITUITARY 
SEEs ENDOCRINES=POSTERIOR PITUITARY 


POSTURE 
CARDIOVASCULAR SYSTEM 89A1#107D 


POTASSIUM 
SEE: MINERAL METABOLISM=POTASSIUM 
POTASSIUM IUN 
BLOOD 62B% 
125Ce1l26Ce130Ai 


CARDIOVASCULAR SYSTEM 122F0123E, 
CELL STRUCTURE/FUNCTION 138 


BEtTS9ACTUIC eH T42H0143A01450% HYPERSENSITIVI 
TY 261F% MUSC.E 297B+298C+300B+304EF#! NEUR 
OPHYSIOLOGY 3390: RENAL 414A 

POX VIRUSES 
SEE’ VIRUSES-POX VIRUSES 

PREBIOLOGICAL SYNTHESIS 
NUCLEIC ACIDS/NUCLEOTIDES 352C 

PRECIPITIN 
ANTIGEN/ANTIBODY REACTIONS 13C 

PREONISOLONE 
CELL/TISSUE CU-~TURE 148F 

PREGNANCY 
ANTIGENS/ANTIBODIES 35E#t BLOOD 74D# CARDIO 
VASCULAR SYSTEM 956% CELL/TISSVE CULTURE 15 
4Bt ENDOCRINES 1870+*1940E+"199D% ENZYMES 23 
6Ct MINERAL METABOLISM 294E% NUTRITION 365 
¢+369D% RENAL 4OBFE REPRODUCTION 418aCHi Vv 
ITAMINS 4518 

PREGNENOLONE 
ENDOCRINES 177C 

PRESCIPITATION 
SEE: ANTIGEN/ANTIBODY REACTIONS=PRESCIPITATI 


ON 


PRESSURE BREATHING 
CARDIOVASCURAR SYSTEM 10501129A8 
N 421B¢427Fe¢428Ae429E 


RESPIRATIO 


PRIMAQUINE 
BLOOD 648 


PRISCOLINE 
GASTROINTESTINAL 251C 


PROCAINE 
NEUROPHARMACOLOGY 312A 


PROCAINEAMIDE 
CARDIOVASCULAR SYSTEM#122B0 


PROGESTERONE 
CELL/TISSUE CULTURE 14803 
1196F¢197Ae200F$ GASTROINTESTINAL 248C3 
NAL 4OBF 


ENDOCRINES 187ABE 
RE 
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PROGESTOGENS 
SEE: ENDOCRINES=SEX HORYONES-PRUGESTOGENS 
PROLACTIN 
ENDOCRINES 18386,1840+1868+188C 
PROLINE 
AMINO ACIDS SE# ENDOCRINES 204F 
PROMAZINE 
NEUROPHARMACOLOGY 319E 
PROMETHAZINE 
NEUROPHARMACOLUGY 319E 
PROPERDIN 
SEE: ANTIGEN/ANTIBODY REACTIONS=NONSPECIFIC 
FACTORS=PROPERDIN 
PROPERTIES 
SEE: MUSCLES CHEMICAL PROPERTIES# PHYSICAL 
PROPERTIESe PROTEINS/POLYPEPTIDES=PROPERTI 
FS 


PROPIONIC ACID 
CARBOHYDRATES 80Bt ENZYMES 235EF3 
730% PLANT METABOLISM 3740 


LIPIOS 2 


PROPRIOCEPTION 
NEUROPHYSIOLOGY 332F 


PROPYLTHIOPURINE (67) 
CHEMOTHERAPY 1568 


PROPYLTHIOURACIL 
GASTROINTESTINAL 253E 


PROSTATE 
ENDOCRINES 175C 


PROTEASES 
ANTIGEN/ANTIBODY REACTIONS 19A% ANTIGENS/AN 
TIBODIES 22404 BLOOD S2A157Ce59E160CE+74BI 
BONE 77B% CAKDIOVASCULAR SYSTEM 134C3 CEL 
L STRUCTURE/FUNCTION 14708 CELL/TISSUE CULT 
URE 15208 CONNECTIVE TISSUE 161BC# DRUG AC 
TION 166F% ENZYMES 216092178 +220AE0221E+229 
Co23IEt233F e2340F 22358123565 e2359Ae241At GAST 
ROINTESTINAXWY 252€+253E% HYPERSENSITIVITY 26 
1E% LIPIDS 267Cs NUTRITION 36404 PROTEINS 
/POLYPEPTIDES 381E+382A0383E*385Fe390A 


PROTECTION 
CHEMOTHERAPY 157F 


AND POLYPEPTIDES 
ANTIGENS/ANTIBODIES=PROTEINSe BLOOD=PiL 
ASMA PRUTEINSe GASTROINTESTINAL-DIGESTION/A 
BSORPTIUON=PROTEINSe MUSCLE=CONTRACTILE PROT 
EINSe NUTRITION-PROTEINS 


PROTEINS 
SEEs 


PROTEINS#POLYPEPTIDES 
AMINO ACIDS 18% ANTIGEN/ANTIBODY REACTIONS 
110% BLOOD 60C61As69F+700072Ft CELL STRUC 
TURE/FUNCTION 1470s CONNECTIVE TISSUE 159Cyr 
163F*164E% ORUG ACTION 165A% ENDOCRINES 18 
SBe196AH200E+201F e204E8 ENZYMES 221Ee241A3 
GASTROINTESTINAL 25308 LIVER 286Fi PROTEI 
NS/POLYPEPTIDES 376EF e377A-Fs376AB+13898% RE 
NAL 406D%! REPRODUCTION 4I7ES VIRUSES 4359A5 
VITAMINS 4498 


METABOLISM 
AMINO ACIDS 9C% 
9BABr201C%8 ENZYMES 22353 


ENDOCRINES 184E+191B8+197Fe} 
GASTROINTESTINAL 


245D! LIVER 286€+287D! NUTRITION 364A+368A 
e370Ce371Ee372As PROTEINS/POLYPEPTIDES 378C 
~Fe379A-Ee387F+9389B% RADIATION 4O2Bt VITAM 
INS 4474+448) 

NUTRITION 
AMINO ACIDS 2C+9At ENVIRONMENT 210A ENZYM 
ES 21908 NITROGEN METABOLISM 350E% NUTRITI 
ON 365D¢370CEeS71A 

PROPERTIES 
ANTIGENS/ANTIBODIES 21C$ BLOOD 63At CARBOH 
YORATES 78£+870% DRUG ACTION 170A% ENZYMES 


240B% GENETICS 254At HYPERSENSITIVITY 260 








l 
Et LIPIDS 267Cy268E% PROTEINS/POLYPEPTIDES 
BS76Ee3S7TTIF eC STIAF.s SB0A—F e381 A-F + 382ABCe 386Bi 
RADIATION 398E% VIRUSES 435F 
STRUCTURE 
AMINO ACIOS 1E% ANTIGEN/ANTIBOUVY REACTIONS 
12F% ANTIGENS/ANTIBODIES 2484 BIOLOGICAL O 
XIDATIONS 49F% BLOOD 62C*69CF+70B+74B: CAR 
DIOVASCULAR SYSTEM 108Bt CELL STRUCTURE/FUN 
CTION 143C3 CELL/TISSUE CULTURE 15003 ENDO 
CRINES 175A¢186F,190F% ENZYMES 217F+220E+22 
TABe232ADe23535Et239F e240At GENETICS 255A% mM 
USCLE 299Cs NEUROPHYSIOLOGY 343E% NUCLEIC 
ACIDS/NUCLEOTIDES 351D% PROTEINS/POLYPEPTID 
ES 3778+3768A+3800+381C+3820EF + 363A—-F + 3B4A—Fe 
SBSA-FeSB6A-FeSB7A-Di VIRUSES 438C 
SYNTHESIS 
AMINO ACIDS 1A# ANTIGENS/ANTIBODIES 2681 8 
LOOD 678% CARBOHYDRATES 83C% CELL STRUCTUR 
E/FUNCTION 140Ce147F+14BAI CHEMOTHERAPY 156 
EFt CONNECTIVE TISSUE 1598% ENDOCRINES 190 
Eel92Ee193C#2000e204F% ENZYMES 218602220422 
SE+228E% NEUROPHARMACO.OGY 307F% NUCLEIC A 
CIDS/NUCLEOTIDES 3578+3598+363D! PLANT META 
BOLISM S74At PROTEINS/POLYPEPTIDES 387EF+38 
BAF eSB9A=F + S90A-F e391A=Fe392ABi VIRUSES 44 
SEFt VITAMINS 450E 
PROTEOLIPIDS 
HYPERSENSITIVITY 263B% LIPIDS 278C 
PROTEUS 
HYPERSENSITIVITY 261€ 
PROTHROMBIN 
SEE ALSO! BLOOD/COAGULATION-AGENTS AND FACTO 
RSe B8LVOD 52CD.s53F+55C0+57C#8 NUTRITION 365 
F 
PROTOPORPHYRIN 
PORPHYRINS 3768C 
PROTOZOA 
CELL STRUCTURE/FUNCTION 1360 
PRURITIS 
GASTROINTESTINAL 248) 
PSEUDOMONAS 
AMINO ACIDS 6Bt ANTIGENS/ANTIBUDIES 218% €E 
NZYMES 21984 NITROGEN METABOLISM 35083 RAD 
IATION 4OOF 
PSILOCIN 
DRUG METABOLISM 172A 
PSILOCYBIN 
DRUG METABOLISM 172A% PSYCHOPHARMACOLOGY 39 
3F 
PSITTACOSIS 
VIRUSES 444E 
PSYCHOSES 
SEE: PSYCHOPHARMACOLOGY 
PSYCHOPHARMACOLOGY 
NEUROPHARMACOWUGY 3220! NEUROPHYSIOLOGY 339 
Ft PSYCHOPHARMACOLOGY 392C-Fs393A-Fe 394A 
ORUG EFFECTS 
CARDIOVASCULAR SYSTEM 9O0A% NEUROPHARMACOLOG 
Y 3088*3208+322a; NEUROPHYSIOLOGY 332F3 PS 
YCHOPHARMACOLOGY 393ABC+3S94B-F + 395A=-F es S96A-F 
¢397BF! TOXICOLOGY 435C 
METHODOLOGY 
NEUROPHYSIOLOGY 329€% PSYCHOPHARMACOLOGY 39 
TAF 
PTERIDINE 
RENAL 4SIOEt VITAMINS 454A 
PULMONARY 


SEE: CARDIOVASCULAR SYSTEM=BLOOD FLOW=PULMON 
ARYe RESPIRATION 
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INDEX 


PULMONARY B.OOD FLOW 
SEE CARDIOVASCULAR SYSTEM=BLOOD FLOW=PULM0y 
ARYe RESPIRATION: PULMONARY DIFFUSION! py 
LMONARY EDEMA 


PULMONARY EDEMA 
SEE: RESPIRATION=-PULMONARY EDEMA 


PULMONARY MECHANICS 
SEE: RESPIRATION=PULMONARY MECHANICS 


PULSE 
SEE: CARDIOVASCULAR SYSTEM-BLOOD PRESSURE=py 


LSE 


PURIFICATION 
ANTIGENS/ANTIBODIES 22F%t BLOOD 74F 

PURINES 
CHEMOTHERAPY 156A% ORUG ACTION 168E8 ENZYq 
ES 224At LIPIDS 275&% NUCLEIC ACIDS/NUCLE) 
TIDES 352Ce354F3 PLANT METABOLISM 37484375) 
t VITAMINS 4544 


PUROMYCIN 
DRUG ACTION 166D% 
OLYPEPTIDES 3888 


ENZYMES 224D% PROTEINS/p 


PUTRESCINE 
LIPIDS 281D 


PVP 

SEE POLYVINYLPYRROLIDONE 
PYOCYANINE 

ENZYMES 233C 


PYRAZINAMIDE 
RENAL 416A 


PYRIDINE 

ENDOCRINES 182E% ENZYMES 2210¢223E 
PYRIDINOPROTEINS 

SEEs BIULOGICA. OXIDATIONS=-PYRIUVINOPROTEINS 
PYRIDOXAL 

CELL STRUCTURE/FUNCTION 139A 


PYRIDOXIC ACID 
ENZYMES 239C 


AMINO ACIDS 5D# ENZYMES 239C# VITAMINS 448) 


PYRIDOXINE 
ENZYMES 2250+228CFs NUTRITION 566A VITAMI 
NS 44UBFe4ugaB 

PYRIMIDINE 
CELL STRUCTURE/FUNCTION 141DE% CHEMOTHERAPY 


NUCLEIC ACID 
VIRUSES 444Ei 


1570! NEUROPHARMACOLOGY 3230! 
S/NUCLEUTIDES 353B+354F e361E8 
VITAMINS 447De4uaDd 


PYROGALLOL 
NEUROPHARMACOLUGY 31583 
D 


NEUROPHYSIOLOGY 34) 


PYROGENS 

NEUROPHARMACOLOGY 320Ci RADIATION 4OOF 
PYROPHOSPHORYLASES 

NUCLEIC ACIOS/NUCLEOTIDES 358E 
PYRROLINE=S“CARBOXYLIC ACIO(DELTA I=) 
PLANT MCTABOLISM 375E 


PYRROLOPYRIMIDINE 
NEUROPHARMACOLOGY 308A"320A 
PYRUVIC ACID 
BIOLOGICAL OXIOATIONS 44B% 
EeB3Ar86E% CE-L/TISSUE CULTURE 15101 
ES 2388! NEUROPHYSIOLOGY S41A 


CARBOHYDRATES 79 
ENZY# 


Q 


QUANTITATION 


SEE: ANTIGEN/ANTIBODY REACTIONS=PRES TATI 
ON~QUANTITATION — 4 





Qué 


qu! 


Qu! 


RAL 


RAR 


REA 


RED 


REF 


REF 
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WATERNARY COMPOUNDS REGENERATION 
W=PULMOy DRUG ACTION 165Fs MUSCLE 3048 LIVER 2860+287A4B 
IONS py 
QUINTOINE RELAXIN 
CARDIOVASCULAR SYSTEM 1228 REPRODUCTION 4176+418A 
QUINOLINIC ACID RENAL 
VITAMINS 44B=E ANTIGEN/ANTIBODY REACTIONS 168A ANTIGENS/AN 
TIBODIES 34A% BIOLOGICAL OXIDATIONS 4eEet 8B 
QUINONES LOOD 68F% CARDIOVASCULAR SYSTEM 108C+109ABC 
RIOLOGICAL OXIDATIONS 45F+50E! CARBOHYDRATE +112DE% ENDOCRINES 1745+1770+178B8C+190D9202 
5 BBAE Ct HYPERSENSITIVITY 262A$ MINERAL METABOLI 
SSURE=py SM 2930! NUTRITION 371C4 PROTEINS/POLYPEPT 
TDES 379C8 RENAL 4O3DEF+4O4A=Fe4O05ABI RESP 
R TRATION 423A% TOXICOLOGY 434F 
ARTIFICIAY KIDNEY 
gAD TATION ENDOCRINES 191F 
SEE ALSU! NUTRITION-RADIATION EFFECTSe TOXI 
+ ENZYy COLOGY-RADIATION, COMPARATIVE 
5 /NUCLE) ANTIGENS/ANTIBODIES 33F% CHEMOTHERAPY 15603 RENAL 405C 
74B 9 375) en 168F% RADIATION 398ABs VITAM Giiiteieaaialia iti ina 


RENAL 4OSDEF + 4U6A=F + 407AB 


GENETIC EFFECTS 


TE INS/ /TISSUE CU-TURE 15004 RADIATION 3984040 CONTROL 
i” — ’ AMINO ACIDS 3E! CARBOHYORATES 68C# CARDIOV 


OA 
ASCULAR SYSTEM 108E4 RENAL 407CD 
IONIZING 
ANTIGEN/ANTI30LY REACTIONS 1208 ENDOCRINES DISORDERS 


20UC’ RADIATION S0QC<F,39908C ANTIGEN/ANTIBODY REACTIONS 120+18Di ANTIGEN 
” ’ ” , S/ANTIBUDIES 37F+40A! CARDIOVASCULAR SYSTEM 
ISOTOPE TECHNICS 112A0114ABt DRUG ACTION 166At HYPERSENSIT 
AMINO ACIDS 2E¢3cr6F3 ANTIGEN/ANTIBODY REAC IVITY 26188 -IVER 288D% NUTRITION 36503 P 
TIONS 12D¢14De18A% ANTIGENS/ANTIBODIES 21Fy ROTEINS/POLYPEPTIDES 378°! RENAL 4OSEF +4054 
23AF+34B3 BIOLOGICAL OXIDATIONS 41C3 BLOOD Be 4OTEF s4OBA-F t409AS3 TOXICOLOGY 433A 
65E+700E1718% RODY WATER 758C#! CARBOHYDRA é 
TES 850+87F! CARDIOVASCULAR SYSTEM 94CD+121 DIURESIS#OTURETICS 
At CELL STRUCTURE/FUNCTION 147F1 CHEMOTHER wrbiees iéetitanue seceeueeee aeeae, aoe 
APY 156Fi ORUG METABOLISM 17184 ENDOCRINES "20 ’ $ 
201AEF#202C+203BF +2050! ENZYMES 229AE+230A CLE S0OF! NEUROPHARMACOLOBY S060! = NEUROPHY 


Bt INFECTION/KESISTANCE 266A LIPIDS 269B+ HIOAFe4T TATE C41 UE 041 SF 
270BD1273A0275F y282E+284E$ LIVER 28781 MIN 
OTEINS FRAL METABOLISM 290F+¢291C+292BCF1293D9296AF 3 ELECTROLYTE EXCRETION 


BONE 76C#t CARDIOVASCULAR SYSTEM 112D8 CELL 
STRUCTURE/FUNCTION 139F+140A% ENDOCRINES } 
77B+18080194Ce195As ENZYMES 227A$ MINERAL 
METABOLISM 2918+292AC+293C# MUSCLE 297E! N 
EUROPHARMACOLOGY 306Dt RENAL 403E+4068+407) 
e4O9AH4TOACH4IICE 41 2A-E 041 3AE 041 OBC 


NUCLEIC ACIDS/NUCLEOTIDES 358A+362C% NUTR 
ITION 3686A+372Bs PLANT METABOLISM 375EF% P 
ROTEINS/POLYPEPTIDES 379Ce388D+S589E% RADIAT 
ION 399D¢UO0E# RENAL 403D¢404D0411Bt RESPI 
RATION 420F #42303 VIRUSES 44OFH444Fs VITAM 
INS 448E+¢4498C 14US50E e4SIACF + 452F 


NS 448) Fi 
PROTECTION GLOMERULAR FILTRATION 

ATION F o 3A ANTIGENS/ANTIBODTES 4OAt CARDIUVASCULAR SYS 
VITAML a hagieieaiieiprgeie 5% TEM 1080 ENDOCRINES 194C# RENAL 4036 +405E 
THERMAL e4O7DFe408Ar412F 


ANTIGENS/ANTIBODIES 218+3284 CARDIOVASCULAR 


SYSTEM 134C% ENVIRONMENT 212D% RADIATION ION TRANSPORT 


CELL STRUCTURE/FUNCTION 14508 GASTROINTESTI 


APY 
Te, SONARCY VETANING OTA NAL 25181 RENAL 412AE0413A-00415A 
S 44NEIT tissue EFFECTS SECRETION 
AMINO ACIDS 3C# ANTIGENS/ANTIBUDIES 218¢32E AMINO ACIDS SAt7ACt BIOLOGICAL OXIDATIONS 4 
Fe36C! BLOOD 67F4 BONE 76A% CARDIOVASCULA 1F% BLVOD 58B8+68Ds CARBOHYDRATES 850: CAR 
OGY 34 R SYSTEM 1O0Br119C8 INFECTION/RESISTANCE 26 DIOVASCULAR SYSTEM 113E% CHEMOTHERAPY 15683 
5E% LIVER 286Cs NUCLEIC ACIDS/NUCLEOTIDES DRUG METABOLISM 173F% ENDOCRINES 200C3 6 
358A! PROTEINS/POLYPEPTIDES 370F% RADIATIO ASTROINTESTINAW 2428+2438% MINERAL METABOLI 
N 3988+399B+400As4O1ABDEF C4O2A-Fe4OSABCH RE SM 296At NUTRITION 364E+372C8 PROTEINS/POL 
OF SPIRATION 420F YPEPTIDES 379A% RENAL 4OBAC+41SEF +41 4A—F eG) 
5BD+416F 041788 VITAMINS 4480+4510 
RARE EARTH COMPOUNDS 
BLOOD 73B% TOXICOLOGY 435é TUBULAR FUNCTION 
CARDIOVASCULAR SYSTEM 95E% GASTROINTESTINAL 
REAGIN 246At MINERAL METABOLISM 291A29483 RENAL 
HYPERSENSITIVITY 2598 4OUA4OOCFE + 407E + 4OBABDe 41 2A0F 141 SACE 041 4ABDE 
415A-F 041 6A=F 041 7A-0 
REDUCTASES 
SEE ALSU8 BIOLOGICAL OXIDATIONS=OXIDASESe €£ RENAL BLOOD FLOW 
NZYMES=MECHANISMS OF ACTION@OXIDATIVE ENZYME SEE: CARDIOVASCULAR SYSTEM-BLOOU FLOW=RENAL 
ates 19 Se ANTIGEN/ANTIBODY REACTIONS 11E# BIOLOGI 
ENZYH CAL OXIDATIONS 43Fe44Ae460047BDI BLOOD 6483 RENIN 
ENDOCRINES 184A% ENVIRONMENT 2100 ENZYM CARDIOVASCULAR SYSTEM 112E+114B8% ENDOCRINES 
ES 217A0218BF 0223A0227Ce237CH230CH8 4 GASTROIN 17808 RENAL 4OQUuBEF 
TESTINA. 247F% RENAL 4OU4C 
REPRODUCTION 
REFEEDING ANTIGENS/ANTIBODIES 35E% CELL STRUCTURE/FUN 
SEE: STARVATION CTION 13608 ORUG METABOLISM 170C+172As END 
OCRINES 1768+18100186BDF+1968C+197A198CD019 
REFLEXES \ 9D+200F*#2030% ENVIRONMENT 210F# GENETICS 2 





PITAT SEE: NEUROPHYSIOLOGY-REFLEXES 53F1 MINERAL METABOLISM 294C+296E! NEUROPH 








lii 
YSIOLOGY 331C#335Ci RADIATION 398Bt REPROD 
UCTION 4ITEFe4lBA=Fe4IGDA-Et TOXICOLOGY 4358 
Ot VITAMINS 452¢ 

REPTILES 
BLOOD 72F 

RESERPINE 
BLOOD 610% CARDIOVASCULAR SYSTEM 89CD1104D+ 
122E% ENVIRONMENT 214A GASTRUINTESTINAL 2 
4BFt LIPIDS 270E4 NEUROPHARMACOLOGY 30603 
08Be315F 0316DE+#318Ce320F£+3210E+S22A0323C8 PP 
SYCHOPHARMACOLOGY 393E+394E43960% TOXICOLOG 
Y 4340 

RESPIRATION 


SEE ALSUt APNEAt ASPHYXIAt HYPOXIA 
BIOLOGICAL OXIDATIONS 44ADi CARDIOVASCULAR 
SYSTEM 89B8+1068D.129At CONNECTIVE TISSUE 15 
9A+160D% DRUG ACTION 16584 ENDOCRINES 178E 
¢197B+203As ENERGY METABOLISM 2O7FE ENVIRO 
NMENT 210E% NEUROPHARMACOLOGY 308F+310E+313 
Dt NEUROPHYSIOLOGY 336C# RENAL 411F% RESP 
TRATION 4I9F e420A-E 


ALVEOLAR VENTILATION 
CARDIOVASCULAR SYSTEM 105F% RESPIRATION 420 
Fe421 ABC e424CEF pu28Ce430F 


BLOOD GASES 
CARDIOVASCULAR SYSTEM 107F#131B0132A0133A8 
CELL/TISSUE CU-TURE 154884 NEUROPHARMACOLOG 
Y 310E% RENAL 409Bt RESPIRATION 421C-F 1422 
AnF e423ABCFe424ane425F 0429004318 


CARBONIC ANHYDRASE 
ENZYMES 227A% RESPIRATION 423D 


02-CO2 TRANSPORT 
BLOOD 69C# CARBOHYDRATES 850% CARDIOVASCUL 
AR SYSTEM 1010Fe104AE¢116A% ENVIRONMENT 213 
Fs NEUROPHARMACOLOGY 307B% RADIATION 39983 
RESPIRATION 421DEe4220E+423BDEF e424uA-0e425 
Be4300e43I1C 


PRESSURE VALUES 
CARDIOVASCULAR SYSTEM 1050% RESPIRATION 423 
Fe426F 


PULMONARY DIFFUSION 
RESPIRATION 424EFe425A-F #426AB 


PULMONARY EDEMA 
RESPIRATION 426CD 


PULMONARY MECHANICS 
BIOLOGICAL OXIDATIONS 49B% CARDIOVASCULAR § 
YSTEM 105A0107C# RESPIRATION 420B¢4214+426C 
EF e427A-F eU2BA-De 430A 


“AIRWAY 
ENVIRONMENT 215C3 RESPIRATION 427E+U2BAEF ey 
29A=-D 


-COMPLIANCE 
RESPIRATION 426CFe427ACOF 14cBEe429EF 


“VENTILATION 
CARDIOVASCULAR SYSTEM 1010+105E91318% ENVIR 
ONMENT 213CDe214Fe215F% RADIATION 39984 RE 
SPIRATIUN 4GISFH420EF e42189426Ee427CEs430AB 4 
31C 


REGULATION 
CARDIOVASCULAR SYSTEM 131BE! ENERGY METABO, 
TSM 206F% NEUROPHYSIOLOGY 330E% PLANT META 
BOLISM 374F% RESPIRATION 423AB1427A+429ACDe 
4SOB-F e431 AWE 


TISSUE RESPIRATION 
CARDIOVASCULAR SYSTEM 100E+102A1103F+105Ce12 
9B+126B8:127C% ENVIRONMENT 209F# LIVER 286a 
+289At “NEUROPHARMACOLOGY 316E% NEVROPHYSIO 
LOGY 324Fe340F# RESPIRATION 42UA0423F.424B 


RESPIRATORY VIRUSES 
SEE: VIRUSES*RESPIRATORY VIRUSES 


RESUSCITATIUN 
BLOOD 64CE% RESPIRATION+426E 


SUBJECT INDEX 





RETICULAR ACTIVATING SYSTEM 
SEE: NEUROPHYSIOLOGY=RETICULAR FORMATION 


RETICULOENDUTHELIAWY SYSTEM 
SEE: INFECTION/RESISTANCE=RETICULOENDOTHELI, 
L SYSTEM 


RETINA 
ENZYMES 225C% NEUROPHYSIO.WOGY 325C+337D+335 
c 


RHAMNOSE 
CARBOHYDRATES 848+85B8 


RHEUMATISM 
ANTIGENS/ANTIBODTES 230% DRUG METABOLISM 17 
3A 


RHODANESE 
ENZYMES 229£+2314 


RHODOSPIRILWIM 
LIPIDS 272A 


RIBITOL 
ENZYMES 229F 


RIBOFLAVIN 
SEE ALSUt VITAMINS -VITAMINS Be ENZYMES 228 
Fi VITAMINS 447,E 


RIBONUCLEASE 
SEE: NUCLEASES 


RIBONUCLEOPROTEIN 
CELL STRUCTURE/FUNCTION 144DE4 PROTEINS/PO, 
YPEPTIDES 390A 


RIBOSE 
NUCLEIC ACIOS/NUCLEOTIDES 351C% PLANT METAB 
OLISM 3758 


RIBOSOMES 
CELL STRUCTURE/FUNCTION 144E8 NUCLEIC ACIDS 
/NUCLEOTIDES 36240 PROTEINS/PULYPEPTIDES 3 
A7E+388BE+3B89CF + 390A 


RIBOSYL=L=HUMOCYSTEINE 
AMINO ACIDS 3A 


RICIN 
TOXICOLUGY 431F 


RICINOLEIC ACID 
GASTROINTESTINAL 244E 


RICKETTSIA 
SEE: ANTIGENS/ANTIBODIES=-MICROORGANISMS=RICK 
ETTSIA 


RNA 
SEE: NUCLEIC ACIDS: CHEMISTRY=-KNAS METABO. 
ISM=-RNAt SYNTHESIS=RNA 


RO 4-1778/1 
SEEt TETRAHYDROISOQUINO_INE 


ROENTGEN RAYS 
ANTIGENS/ANTIBUDIES 23F% BLOOD 64Ct CARDIO 
VASCULAR SYSTEM 119C8 CELL/TISSUE CULTURE | 
54Ct ENVIRONMENT 2150% ENZYMES 22408 NUCL 
EIC ACIOS/NUCLEOTIDES 352E! RADIATION 398AC 
Ne S99ACFe400A240100402A 


RUBIDIUM 
CARDIOVASCULAR SYSTEM 119A MUSCLE 297F 


RUMINANTS 
SEE: NUTRITION“RUMINANT 


Ss 


SACCHAROMYCES 
CELL STRUCTURE/FUNCTION 144C% ENZYMES 2176! 
MINERAL METABOLISM 2954 


SAFFLOWER 
NUTRITION 3680 








gAF 


cAL 


SAL 


SAL 


gan 


SAR 


SAF 


AR 


sth 


sCl 


SE 


SEI 





ATION 


NDOTHEL) 


33704335 


OLISM 17 


YMES 228 


-INS/PO, 


IT METAB 


C ACIDS 
TIDES 3 


MS@RICK 


AE TABOL 


CARDIO 


TURE | 


NUCL 
 39BAC 


217€1 


sAFROLE 
LIVER 2888: TOXICOLOGY 432c 


tALICYLATES 
DRUG ACTION 166F.169D0% GASTROINTESTINAL 243 
Fi NEUROPHARMACOLOGY 310A8 REWAL 409A 


SALIVARY GLANDS 
SEE ALSUt GASTROINTESTINAL“SECRETIONS=SALIVA 
RYe NEUROPHYSIOLOGY 348A 


SALMONELLA 
ANTIGENS/ANTIBODIES 21A0228% GENETICS 254F3 
INFECTION/RESISTANCE 266B% NUCLEIC ACIDS/ 


NUCLEOTIDES 3568E 


SANTOQUIN 
MUSCLE 297D 


SARCINA 
CELL STRUCTURE/FUNCTION 143C¢ 


sARCOIDOSIS 
INFECTION/RESISTANCE 2648 


SARCOSINE 
BIOLOGICAL OXIDATIONS 44C 


SARIN 
TOXICOLUGY 434A 


sC-8109 
SEE ALSUt SPIRULACTONEe RENAL 413B 


SCHIZOPHRENIA 
CARBOHYDRATES 79E% DRUG ACTION 169At NEURO 
PHARMACULOGY 30581 PSYCHOPHARMACOLOGY 392D 


SCURVY 
CONNECTIVE TISSUE 160E 


SEBINE 
VITAMINS 4478 


SECRETIN 
GASTROINTESTINAL 252C 


SECRETION 
SEE: GASTROINTESTINAL@SECRETIONS. RENAL=SEC 
RETION UF ORGANICS 


SEEDS 
CARBOHYDRATES 79a 


SELENIUM 
AMINO ACIDS 108% ENZYMES 229At MINERAL MET 
ABOLISM 295AC% MUSCLE 2990 


SEMEN 
REPRODUCTION 419¢ 


SENSORY NERVES 
CELL STRUCTURE/FUNCTION 1380% NEUROPHYSIOLO 
GY 325BCE+326A13270e338ACH339A0S41C 1 345Ce 347 
BeS4BE+S49Aa 


SERINE 
ENZYMES 224At LIPIDS 277Fi VITAMINS 450E 


SERNYL 
SEEs PIPERADINt HYDROCH.ORIDE(1=( 1-PHENYLCYC 
LOHECXL)) 


SEROMUCOIDS 
PROTEINS/POLYPEPTIDES 376F 


SEROTONIN 
SEE ALSUt HYDRUXYTRYPTAMINE (5=)¢ BLOOD 61D 
$ CARDIOVASCU~AR SYSTEM 11184 NEUROPHARMAC 
OLOGY 305D+306Ce314AEt NEUROPHYSIOLOGY 333A 
344A 


SEVIN 
TOXICOLUGY 4320 


SEX DIFFERENCE 
CARDIOVASCULAR SYSTEM 978% ENDUCRINES 176D+ 
181F¢198D% PROTEINS/POLYPEPTIDES 378E 





SUBJECT INDEX 





SEX HORMONES 
SEEs ENDOCRINES=SEX HORMONES 


SHIVERING 
FNVIRONMENT 2130: NEUROPHYSIOLOGY 334F+335A 
SHOCK 
SEE8 CARDIOVASCULAR SYSTEM-SLOOD PRESSURE=SH 
OCcK 


SHWARTZMAN PHENOMENON 
HYPERSENSITIVITY 2618C+262AD 


STIALTC ACID 
SEE ALSUt NEURAMINIC ACIDe ANTIGENS/ANTIBOD 
TES SOA# BLOOD 62CD# CARBOHYDRATES 78E+87C 
t CONNECTIVE TISSUE 161F% ENDUCRINES 179E3 
GENETICS 255Cs NEUROPHYSIOLOGY 3420+ PRO 
TEINS/PULYPEPTIDES 386C 


SILICIC ACID 
ENDOCRINES 20104 LIPIDS 279€ 


SITOSTEROL 
CARDIOVASCULAR SYSTEM 96C 


SKF 5354-A 
NUTRITION 369E 


SKIN 

SEE ALSUt CARDIOVASCULAR SYSTEM=BLOOD FLOW-S 
KINe ANTIGENS/ANTIBODIES 33B8+34CE+35D, 36A03 
70% CARDIOVASCULAR SYSTEM 100B% CELL STRUC 
TURE/FUNCTION 134E013908 CELL/TISSUVE CULTUR 
F 153CO# CONNECTIVE TISSUE 1648! ENDOCRINE 
S 194At ENVIRONMENT 20884 ENZYMES 219Ct G 
ASTROINTESTINA~ 24608 HYPERSENSITIVITY 2588 
C+25909263A8 NEUROPHYSIOLOGY 3260+335A+339A 
+ PROTEINS/PO~YPEPTIDES 38284! RADIATION 40 
1B% RENAL 41384 TOXICOLOGY 432E 


SLEEP 
ENVIRONMENT 21403 NEUROPHYSIOLOGY 3278+332E 
FeS34C 


SMOKING 
CARDIOVASCULAR SYSTEM 89C 


SOAP 
GASTROINTESTINAL 252F 


SODIUM 
SEEs MINERAL METABOLISM=Ke MGe NA 


SODIUM DODECYL SULFATE 
VIRUSES 438C 


SODIUM GAMMA=HYDROAYBUTYRATE 
NEUROPHARMACOLOGY 398C 


SODIUM HYDRUSULFITE 
ENZYMES 239E 


SODIUM ION 
CELL STRUCTURE/FUNCTION 1388E+139001408e142E 
+143A0145DE% MUSCLE 3O4EF% NEUROPHYSIOLOGY 
3380! RENAL 405Fe407Ce413A 


SODIUM TETRABORATE DECAHYDRATE 
TOXICOLUGY 433C 


SOMATOTROPIN 
SEEs ENDOCRINES=ANTERIOR PITUITARY=SOMATOTRO 
PIN 


SORBITOL 
VITAMINS 446A 


SOUND 
NEUROPHYSIOLOGY 3268+340A 


SOYBEANS 
NUTRITIUN 368E1369F ¢370E 


SPACE 
SEE: ENVIRONMENT-SPaCcE 


SPECTROPHOTUMETRY 


BLOOD 69E%8 ENVOCRINES 2010 





liv 


SPECTROSCOPY 
BIOLOGICAL OXIDATIONS 45A 


SPERM CELLS 
CELL/TISSUE CULTURE 154E 


SPERMATOZOA 
ENDOCRINES 17684 ENZYMES 21903 
LOGY 331C# REPRODUCTION 418DEF% 
4330 


NEUROPHYSIO 
TOXICOLOGY 


SPERMINE 
CELL STRUCTURE/FUNCTION 1435F% ENZYMES 236C; 
NUCLEIC ACIDS/NUCLEOTIDES 3516 


SPHINGOSINE 
LIPIDS 269F 


SPINAL CORD 
SEEs NEVROPHYSIOLOGY=SPINAL CORD 


SPIRAMYCIN 
CHEMOTHERAPY 157¢ 
SPIROLACTONE 
CARDIOVASCULAR SYSTEM 1238 
SPLEEN 
AMINO ACIDS 6D! 
e24AD0925A=-D0t 26C,27Ee S200 SSAF + SUCEs SBF 


ANTIGENS/ANTIBUDIES 21A022E 
BLOO 


D 63E% ORUG ACTION 168E! RADIATION 399E+40 
o}-} 
$Q4773 
NEUROPHARMACOLUGY 311E 
SQUALENE 
GASTROINTESTINAL 24584 LIPIOS 281£+285a8 
STAPHYLOCOCCI 
BIOLOGICAL OXIDATIONS 42E% NEUROPHARMACOLCG 
Y 320C 
STARCHES 


CARBOHYDRATES 87F 


STARVATION 


CARBOHYDRATES 79¢%! CARDIOVASCULAR SYSTEM 11 


4C% CELL STRUCTURE/FUNCTION 141E% ENZYMES 
222Ft NUTRITION 3648+366C+36BA 

STATOLON 
VIRUSES 4410 

STEROIDS 
SEE ALSUt HYOROXYSTEROIOSe KETOSTEROIDSe L 
IPIDS“STEROLSe CARDIOVASCULAR SYSTEM 123B1 


ENDOCRINES 1750+179F+1800F+¢182A+187E1200B83 
ENZYMES 218C+238p%! GASTROINTESTINAL 2u4C3 
LIPIDS 2680+284F 


STEROLS 
SEE: LIPIDS-STEROLS 
STILBESTROL 
ENDOCRINES 176041998! MUSCLE 301C% RENAL 4 
13F 
STIMULANTS 
SEE: NEUROPHARMACOLOGY=STIMULANTS 
STOMACH 
SEE ALSUt GASTROINTESTINAL=~SECRETIONS=GASTRI 
Ce GASTROINTESTINAL 243A NUTRITION 365E 
STORAGE 
SEE: BLUOD-STORAGE 
STRANDIN 


NEUROPHYSIOLOGY 343F 


STREPTOCOCCI 


AMINO ACIDS 4FH ANTIGENS/ANTIBUDIES 29CE+#30 


Bt INFECTION/RESISTANCE 26504 NUCLEIC ACID 
S/NUCLEOTIDES 357Fe3€1F% PROTEINS/POLYPEPTI 
MES 3900 RENAL 4OSA 

STREPTOKINASES 


RLOOD 58A 
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STREPTOMYCIN 
DRUG ACTION 1668 


STREPTONIGRIN 
BLOOD 69A 


STRESS 
AMINO ACIOS 7A4 CARDIOVASCULAR SYSTEM 1128, 
117CD#130De133F% ENDOCRINES 181F¢185Be1944; 
ENVIRONMENT 208C+210E+21180212AB0215D1 
STROINTESTINAL 2u9E% NEUROPHYS1OLOuY 3268¢, 


348C% RENAL 4O7E8 VITAMINS 447C 

STROMA 
SEE: ERYTHROCYTES 

STRONTIUM 
MINERAL METAS30-ISM 290F+291CE+29283 NUCLEI 

ACIDS/NUCLEOTIDES 354E% PROTEINS/POLYPEPT; 

DES 382C 

STROPHANTHIDINE 
CELL STRUCTURE/FUNCTION 141A 

STRUCTURE 
SEE: CELL STRUCTURE/FUNCTIONe MUSCLE=SHYSIC 
AL PROPERTIESe PROTEINS/POLYPEPTIDES=STRUCT 
UREe VIRUSES=CELL COMPONENTS 

STRYCHNINE 
NEUROPHARMACOLOGY 323E% NEUROPHYSIOLOGY 325 
D 

STYRENES 


ENZYMES 234C 


SUBTANCE P 
DRUG ACTION 165A 
SUCCINIC ACID 
BIOLOGICAL OXIDATIONS 518% ENDUCRINES 2018) 
ENZYMES 216A# VITAMINS 447F 


SUCROSE 
CELL STRUCTURE/FUNCTION 
GY 3388 


144A% NEUROPHYSIOL) 


SULFATES 

CARBOHYDRATES 86F1 MPNERAL METABOLISM 2968 
SULFATHIAZOLE 

CARDIOVASCULAR SYSTEM 948 


SULFHYDRYL GROUPS 
AMINO ACIDS 6E% BLOOD 628% CELL STRUCTURE/ 
FUNCTION 146E% ENDOCRINES 197E+199A8 ENZYM 
ES 218F#219Fe22160237C% LIPIDS 285A NEURO 
PHYSIOLUGY 347F$ PROTEINS/POLYPEPTIDES 381A 
¢387B+S89F% RENAL 407B+411B8 VITAMINS 449A 


SULFOLIPIDS 
CARBOHYDRATES 79) 


SULFONAMIDES 


DRUG METABOLISM 171C# szIVER 2900 


SULFONIC ACID 
CARBOHYDRATES 79) 


SULFOPOLYGLUCIN 


BLOOD 57D 

SULFUR 
AMINO ACIDS 3C# CARBOHYORATES 79D% ENZYMES 
219E*229E+239C1231A0235A8 PROTEINS/POLYPEP 


TIDES 3808 


SURFACE TENSION 
SEE ALSU: DETEKGENTS. 
RESPIRATION 4288¢ 


SURVEYS 
SEE: NUTRITION“SURVEYS 
SWALLOWING 


SEE ALSUt ESOPHAGUS. NEUROPHYSIOLOGY 333E 


SWEATING 
CARDIOVASCULAR SYSTEM 
T 211Fe212F5 


110A130D% ENVIRONMEN 


NEUROPHYSIOLOGY 3260 





s¥I 


Syl 


bt 


TEM 1128, 
85B+ 1944; 
21508 & 
eY 3268¢, 


NUCLEI¢ 
POLYPEPT] 


~-E=PHYSIC 


~S=STRUCT 


LOGY 325 


ES 2018) 


PHYSIOL) 


SM 2968( 


RUC TURE/ 
}  ENZYH 
} NEURO 
YES 381A 
INS 44% 


ENZYMES 
OL YPEP 


333E 


I 2ONMEN 





SYNTHESIS 
SEE ALSUt AMINO ACIDS=SYNTHESISe LIPIDS: F 
ATS/FATTY ACIOS=SYNTHESIS# PHOSPHOLIPIDS=SY 
NTHESIS$ STEROLS=SYNTHESIS,. PROTEINS/POLYP 
EPTIDES=SYNTHESIS. VITAMINS 448E 


sYNTHETASES 
DRUG ACTION 167As ENZYMES 218D+240Ct PROTE 
INS/POLYPEPTIDES 390D 
T 
771824 
SEE: EVANS* 8.UE 
TALC 
ENZYMES 227C 
TAME 


SEE’ TOSYLARGININEMETHYJESTER 


TARTAR EMETIC 
INFECTIUN/RESISTANCE 264A 


TASTE 
NEUROPHYSIOLOGY 338A 


TAURINE 
LIPIDS 285€ 


TECHNIQUES 

SEE ALSO COMPUTER TECHNIQUES# DIALYSIS# ELE 
CTROENCEPHALOGRAPHYS ELECTROPHORESIS! ELECTR 
ODES# ELECTRON MICROSCOPEVETCee ANTIGEN/ANT 
TBODY REACTIONS 15F+16At ANTIGENS/ANTIBODIE 
S$ 38C# BLOOD 528+598C+71D# CARDIOVASCULAR 
SYSTEM 97F+98E199BE+1063+1098D+110C1121C+132 
Fel33At CELL STRUCTURE/FUNCTION 144C8 DRUG 
ACTION 1698% ENDOCRINES 192As194Fe201F8 E 
NVIRONMENT 211Be215D% ENZYMES 217A0228E8 M 
INERAL METABOLISM 295C# MUSCLE 300E% NEURO 
PHYSIOLUGY 327Fe344cs NUCLEIC ACIDS/NUCLEOT 
IDES 354Ft RADIATION 399D¢401At RESPZRATIO 
N 42084228 


TEMPERATURE REGULATION 
SEE’ ENVIRONMENT=ADAPTATION 


TERPENES 
PLANT METABOLISM 375F 


TERPENOID 
BIOLOGICAL OXIDATIONS 48C 


TERRAMYCIN 
GASTROINTESTINAL 244A 


TESTES 
ENDOCRINES 1756+1768+197E% NUTRITION SOUFs 
RADIATION 4O1E% REPRODUCTION 418DEt TOXICO 
LOGY 433D 


TESTOSTERONE 
SEE ALSUt ENDOCRINES *SEX HORMONES ANDROGEN 
Se ANTIGENS/ANTIBODIES 366% ENDOCRINES 178 
Avl97BEF 


TETRACAINE 
NEUROPHARMACOLOGY 305F 


TETRACYCLINE 
RENAL 4148 


TETRAETHYLAMMONIUM 
CELL STRUCTURE/FUNCTION 142E4% MUSCLE 304B3 
NEUROPHARMACOLOGY 324A 


TETRAFLURO 2 BROMOETHANE (1elelez=) 
NEUROPHARMACOLOGY 312C 


TETRAHYDROFULIC ACID 
NUCLEIC ACIOS/NUCLEOTIDES 361E% VITAMINS 45 
3D0F 04548 


TETRAHYDROISOQUINO~INE 
NEUROPHARMACOLOGY 308D+310C 


SUBJECT INDEX 
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TETRAMETHYL PHENYLENENI AMINE 
BIOLOGICAL OXIUAT. ONS 498 


TETRAZINIUM 
CELL STRUCTURE/FUNCTION ‘142E 


TETRAZOLIUM 
BIOLOGICAL OXIDATIONS 43E 


THALAMUS 
SEE ALSU8 DIENCEPHALONe NEUROPHYSIOLOGY 327 
8 


THALASSEMIA 
PROTEINS/POLYPEPTIDES 3788 


THALIDOMIDE 
SEEs GLUTARIMIDE (A=(N-PTHALIMIDE)) 


THAM 
SEE TRISHYOROXYMETHYLAMI NOME THANE 


THIAMINE 
ENZYMES 228F% VITAMINS 447D+448C 


THIAZOLINES 
PROTEINS/POLYPEPTIDES 3878 


THIO-TEPA 
CHEMOTHERAPY 1574 


THIOCYANATE 
PSYCHOPHARMACOLOGY 392E 


THIOL GROUPS 
ENZYMES 220A 


THIOPENTAL 
CARDIOVASCULAR SYSTEM 123AC% OKUG ACTION 16 
B8At TOXICOLOGY y433F 


THIOPHOSPHONATES 
NEUROPHARMACOLOUGY 3218C 


THIORIDAZINE 
DRUG METABOLISM 171F% NEUROPHARMACOLOGY 319 
Fi PSYCHOPHARMACOLOGY 397A 


THIOSULFATES 
ENZYMES 219E 


THIOURACIL 
CARDIOVASCULAR SYSTEM 96F% ENDUCRINES 2010+ 
202AC 


THIOXANTHENES 
TOXICOLUGY 435¢ 


THIRST 
NEUROPHYSIOLOGY 333E 


THREONINE 
AMINO ACIDS 7E*90 


THROMBI 
BLOOD S4DE+56Ce+61C# CARDIUVASCULAR SYSTEM 
92CE*95AE#990¢10180102C+10380107B+118Cs REN 
AL 4OBFS RESPIRATION 4210 


THROMBIN 
BLOOD 53BE+55E#6001610! HISTAMINE/ANTIHISTI 
MINICS 257F% HYPERSENSITIVITY 2618 


THROMBOPLASTIN 
BLOOD 52F+¢540+568+57C#! CARDIOVASCULAR SYSTE 


M 9OE 


THYMIDINE 
BLOOD 68Bt LIVER 2860+2878% NUCLEIC ACIOS/ 
NUCLEOTIDES 3584 


THYMIDYLATE 
NUCLEIC ACIOS/NUCLEOTIDES 361€ 


THYMINE 
VIRUSES 4360 


THYMUS GLAND 
ANTIGENS/ANTIBODIES 26D+40C$ BLOOD 71a! CE 





lvi 


LL STRUCTURE/FUNCTION 147D% CONNECTIVE TISS 
UE 159B8t ENDOCRINES 179A¢184D%t NUCLEIC ACID 
S/NUCLEUTIDES 362F 


THYROACETIC ACID 
ANTIGENS/ANTIBODIES SOE! ENDOCRINES 20681 
PROTEINS/POLYPEPTIDES 385E 


THYROID GLAND 
SEES ENDOCRINES=THYROID GLAND 


THYROXINE 
SEEs ENDOCRINES=-THYROID GLAND-THYROXINE 


TISSUE 
SEEt HYPERSENSITIVITY=TISSUE RESPONSES, RAD 
IATIQNS“-TISSUE EFFECTSe RESPIRATION-TISSUE 
RESPIRATION 


TISSUE ANTIBODIES 
SEE: ANTIGENS/ANTIBODIES-TRANSPLANTATION-TIS 
SUE ANTIBODIES 


TISSUE BINDING 
NEUROPHYSIOLOGY 329F 


TISSUE CULTURE 
SEEs CELL/ZTISSVE CULTURE 


TISSUE TRANSPLANTATION 
SEEt ANTIGENS/ANTIBODIES-TRANSPLANTATION 


TORULA 
ENZYMES 226A 


TOSYLARGININEMETHYLESTER 
BLOOD 53B+59E 


TOXICOLOGY 

BLOOD 63E+73F%! BONE 770% CARDIOVASCULAR SY 
STEM 1180 CE-L/TISSUE CULTURE 1498+155B1 
LIPIDS 267F% IVER 287092688C! MINERAL META 
ROLISM 291F+296CE! NEUROPHARMACOLOGY 319D+¢3 
21BC% NUTRITION 369A¢3718+372E% RENAL 4O7F 
*40BFI TOXICOLOGY 431F e432A-Fe433A=-Dt VIRU 
SES 4435C 


DRUG 

AMINO ACIDS 2B# BLOOD 69A"71F% CARDIOVASCU 
LAR SYSTEM 948+103A+108091308+134B! CELL ST 
RUCTURE/FUNCTION 136€&+137A%t CHEMOTHERAPY 15 
7F+158A% DRUG ACTION 166AD+168Dt! ENDOCRINE 
S$ 2060% GASTROINTESTINAL 248Ae252At HYPERS 
ENSITIVITY 25883 LIVER 287E€+288BE+290A% MI 
NERAL METABOLISM 29381 NEUROPHARMACOLOGY 30 
9BCD+310CDE+324B: PORPHYRINS 376D% PSYCHOP 
HARMACOLOGY 396F; RENAL 407Ae408C+409Ar4IUE 
$ TOXICOLOGY 433EF,434A-F +435A-D0 


INDUSTRIAL 
GASTROINTESTINAL 243E% TOXICOLOGY 435€ 


RANTATION 
RADIATIUN 398AB+3998C+400A 


TOXINS 
SEE: ANTIGENS/ANTIBODIES-TOXINS 


TPNH 
NITROGEN METABOLISM 349E 


TRACE ELEMENTS 
SEEs MINERAL METABOLISM=-TRACE ELEMENTS 


TRAGOPOGON 
PLANT METABOLISM 3758 


TRANSCORTIN 
ENDOCRINES 179€ 


TRANSFERASES 
AMINO ACIDS SDFe6E+10C# BIOLOGICAL OXIDATIO 
NS 49A¢51At CARBOHYDRATES 79AF+85F1868-,87B¢e 
88Dt CARDIOVASCULAR SYSTEM 131&% CELL STRU 
CTURE/FUNCTION 137Ae145©&0147A% ENDOCRINES 1 
810e1828+189Ar200A% ENVIRONMENT 21003 ENZY 
MES 216€¢2170¢21860219Ae225DE+228C+230F 92314 
B+235C+23680% GENETICS 256C# LIPIOS 270C3 
LIVER 287D0+290a; MUSC.E 302BD+3038: NEURO 
PHARMACULOGY 3158% NUCLEIC ACIDOS/NUCLEOTIDE 


SUBJECT INDEX 





S 351E+361C+363A3 PLANT METABOLISM 374C} p 
ROTEINS/POLYPEPTIDES 386A 


TRANSFERRIN 
BLOOD 72F%t GENETICS 255C 

TRANSFUSION 
SEEs CARDIOVASCULAR SYSTEM=BLOOD VOLUME =TRAy 
SFUSION 

TRANSHYDROGENASES 


SEE HYDROGENASES 


TRANSKETOLASES 
ENZYMES 228Fs232E 


TRANSPLANTATION 
SEB: ANTIGENS/ANTIBODIES-TRANSPLANTATION 


TRANSPORT 
SEE: BIULOGICAY OXIDATION“ELECTRON TRANSPORT 
e CELL STRUCTURE=ACTIVE TRANSPORTe LIPIDS. 
FATS/FATTY ACIOS=TRANSPORTe RENAL=ION TRANS 
PORTe RESPiRATION=02+C02*¢ TRANSPORT 


TREHALOSE 
CARBOHYDRATES 81ce 


TREMOR 
NEUROPHARMACOLOGY 320B%! NEUROPHYSIOLOGY 33) 
12) 


TREMORINE 
NEUROPHARMACOLUGY 3208 


TREONINE 
AMINO ACIDS 8F 


TRIAZINES 
CHEMOTHERAPY 158) 


TRIETHYLAMMUONIUMETHYL 3¢4¢5 TRIMETHUXYBENZOATE | 
CARDIOVASCULAR SYSTEM 115F 


TRIFLURO=2-BROMO ETHYL METHYL ETHER(1¢1¢2=) 
NEUROPHARMACOLOGY 3120 


TRIGLYCERIDES 
LIPIDS 279F 


TRIGONELLINE 
ENZYMES 228A 


TRIIODOTHYRONINE 
CARDIOVASCULAR SYSTEM 930% ENDUCRINES 202A: 
203AE+2050F% ENERGY METABOLISM 207C# LIPID 
S 261E 


TRIMETHIDINIUM 
CARDIOVASCULAR SYSTEM 102E 


TRIMETHYLDODECANOAIE(3+7¢11=) 
LIPIOS 281E 


TRIPARANOL 
CARDIOVASCULAR SYSTEM 92F*! DRUG METABOLISM 
173B¢174A8 ENDOCRINES 176C# LIPIDS 2816028 
sc 


TRIPHOSPHATES 
CARBOHYDRATES 64E% ENZYMES 222E+ LIPIDS 278 
At NUCLEIC ACIDS/NUCLEOTIDES 362E 


TRISHYDROXYMETHYLAMI NOME THANE 
BODY WATER 75E# NEUROPHYSIOLOGY 330E% ENA 
L 416B80417A% RESPIRATION 4cbA 


TRITHION 
TOXICOLUGY 4320 


TRITIATION 
ENDOCRINES 195& 


TROPOLONES 
CARBOHYDRATES 60¢ 


TRYPAN BLUE 
BLOOD 63D 





YP 


ny 


ny P 


YP 


nYP 


1SH 


1JB0 


1BL 


1UMO 


TURN 


1YPH 


TYRA 


TYRO 


WCE 


WTR 


NCO 


WNMY 


vRAC 


REA 


RET 


WRET 








374Ci 


.UME=TRay 


TION 


RANSPORT 
LIPIDS. 
ON TRANS 


LOGY 33) 


NZOATE | 


=) 


'S 202k 
LIPID 


BOLISH 
2816928 


IDS 278 


1 = -RENA 


RnYPANOSOMES 
ANTIGEN/ANTIBODY REACTIONS 12C%# NUTRITION 3 
70F 

nYPSIN 
BLOOD 60E% ENDOCRINES 188F% ENZYMES 216De2 
34D% GASTROINTESTINAL 252€+2538% HYPERSENS 


LIPIOS 267Ct NUCLEIC ACIDS/N 
NUTRITION 3686+ 369F 


ITIVITY 261C3 
UCLEOTIDES 35903 


inYPSINOGEN 
GASTROINTESTINAL 253B% 
§ 3824+385C 


PROTEINS/POLYPEPTIDE 


RYPTAMINE 
CARDIOVASCULAR SYSTEM 111C# DORUG ACTION 169 
At DRUG METABOLISM 172C 
RYPTOPHAN 
AMINO ACIDS 68'7B8CE% ENDOCRINES 193Dt ENZY 
MES 2238C+224B1225At NUTRITION 37008 PROTE 
INS/POLYPEPTIDES 366B% VITAMINS 448E 
ISH 
SEEs ENDOCRINES@ANTERIOR PITUITARY-TSH 
WBOCURARINE 
DRUG METABOLISM 174C% MUSCLE 3040! NEUROPH 
ARMACOLUGY 30668+317F 
WBULES 
SEE: RENAL=TUBULAR FUNCTION 
WMORS 
SEE: CELL/TISSUE CULTURE=NEUPLASMSe CHEMOTH 


ERAPY=CANCERe NEOPLASMS 

WRNOVER 

CELL STRUCTURE/FUNCTION 146C8 
GASTRVINTESTINAL 2450 


ENZYMES 222E1 


TYPHUS 
ANTIGENS/ANTIBODIES 29F 


TYRAMTNE 
CARDIOVASCULAR SYSTEM 104D% 
GY 315Ce316EF 1517C 


NEVROPHARMACOLO 


TYROSINE 

ANTIGENS/ANTIBUODITES 270% CARDIUVASCULAR SYS 
TEM 1088 CELL STRUCTURE/FUNCTION 13704 EN 
DOCRINES 204A% ENZYMES 22348 GASTROINTESTI 
NAL 246At NEUROPHARMACOLOSY 308B+320Ds NEU 
ROPHYSIULOGY 344A 


U 


WCERS 
ENDOCRINES 162A3 
249DE+251E 


GASTROINTESTINAL 242€+243A 


WTRAFILTRATION 
ENDOCRINES 196A 


WOONSC TOUSNESS 
SEE: CONSCIOUSNESS 


WYELINATED FIBERS 
NEUROPHYSIOLOGY 345) 


RACTL 
CELL STRUCTURE/FUNCTION 138Ce141DE% 
ERAPY 156F 


CHEMOTH 


REA 

AMINO ACIDS 1C# BLOOD 57As60E% BODY WATER 

750% CELL STRUCTURE/FUNCTION 137D# ENZYMES 
221AD0% MUSCLE 2998! NEUROPHYSIOLOGY 330A, 
344E% NITROGEN METABOLISM 349D4 NUTRITION 

369A% PROTEINS/POLYPEPTIDES 381Bt RENAL 4O 
5F+4O06BC 


RETERS 

CARDIOVASCULAR SYSTEM 108C# MUSCLE 300F 
ETHAN 

BLOOD 58D! CE-L/TISSUE CULTURE 15481 
OINTESTINAL 250A 


GASTR 
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URIC ACID 
RENAL 4050+416A 


URIDINE 
CARBOHYDRATES S4F% 
138C 


cEu. 


URINE 
BLOOD 66AD+6B8A# CARD 
ENDOCRINES 174€.179CD+1820% 
BAt NEUROPHARMACOLOGY 305C3 
Y 348C% PROTEINS/POLYPEPTIDES 3576E3 
PHARMACULOGY 392p% 


ENVIRONMENT 


RENAL 405E¢413CF+415¢ 


UROBILIN 
GASTROINTESTINAL 247E 


UROBILINOGEN 
GASTROINTESTINAL 247€ 


UROCANASE 
AMINO ACIOS 4A 


URONIC ACID 
CONNECTIVE TISSUE 162A 


UTERUS 
AMINO ACIDS 2At CONNECTIVE TISSUE l161E5 
DOCRINES 176A+186F11968+198CE+199AC3 


297E1298Di REPRODUCTION 417F 418A 
VACCINES 
SEEs INFECTION/RESISTANCE=VACCINES 


VAGINA 
ENDOCRINES 1965F 


VALINE 
AMINO ACIDS 11AB 


VALYL=L=LEUCINE 
PROTEINS/POLYPEPTIDES 3898 


VANCOMYCIN 
TOXICOLUGY 434F 


lvii 


STRUCTURE/FUNCTION 


YSTEM 109B3 


20 


NEUROPHYSIOLOG 
PSYCHO 


EN 


MUSCLE 


VASOPRESSIN 
ENDOCRINES 186A+195ABCEF! NEUROPHYSIOLOGY 33 
3Ft RENAL 406D 

VENOMS 
ANTIGENS/ANTIBODIES 21E+32C% BLOOD 61CH HY 
PERSENSITIVITY 2630% LIPIOS 278Fi NEUROPHA 


RMACOLOGY 306B8'319D 


VENOUS RETURN 


SEE: CARDIOVASCULAR SYSTEM=-BLOOD VESSELS-VEN 


OUS RETURN 


VERATRIN 

CARDIOVASCULAR SYSTEM 1118 
VERATRUM ALKALOIDS 

DRUG ACTION 169E 


VERSENE 
MUSCLE 300C 


VINCOLEUKOBLASTINE 
BLOOD 69A 


VIRUSES 
ANTIGENS/ANTIBUDIES 29D 
E 149001538 CHEMOTHERAPHY 158C# 
540% INFECTION/RESISTANCE 264D1 
TOS/NUCLEOTIDES 356A 
STA=Fe4SBAr Sule 


NUCLEIC 


BACTERIOPHAGE 
ANTIGEN/ANTIBOUVY REACTIONS 15C3 
ES 86Ct GENETICS 254E% 
OTIDES 360F+36183; VIRUSES 438B=F 4394-0 


CELL COMPONENTS 
ANTIGENS/ANTIBODIES 35F% 
OTEINS/POLYPEPTIDES 384A5 


GENETICS 25401 
VIRUSES 441¢ 


CELL/TISSUVE CULTUR 
GENETICS 2 


Ac 


VIRUSES 435F eus6a-F eu 


CARBOHYDRAT 
NUCLEIC ACIDS/NUCLE 


PR 
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CHEMOTHERAPY 
VIRUSES 439EF +4410 


ELECTRON MICROSCOPy 
ANTIGEN/ANTIBODY REACTIONS 15A% PROTEINS/PO 
LYPEPTIDES 384As VIRUSES 440AE144568 


ENTEROVIRUSES 
VIRUSES 4408C 


-COXSACKIE 
VIRUSES 440D 


-ECHO 
VIRUSES 440E 


-POLIOMYELITIS 
AMINO ACIDS 1A# CELL/TISSVE CULTURE 152C1I 
VIRUSES 4378 +440F e441 ABCF +e 44u2AB 


INTERFERENCE 
TNFECTIUN/RESISTANCE 26584 VIRUSES 441DEF +4 
42A=-Dt44SABe 446A 


LATENCY 
VIRUSES 436C+442DEF e443408 


NEUROTROPIC VIRUSES 
ANTIGENS/ANTIBODIES SBADEt HYPERSENSITIVITY 
262F*2635Bt INFECTION/RESISTANCE 266E% NEUR 
OPHYSIOLOGY 34383 VIRUSES 442B+443C~-F 


NONSPECIFIC FACTORS 
INFECTION/RESISTANCE 265C# VIRUSES 443E+444 
AAB 


NUCLEIC ACIDS 
NUCLEIC ACIDS/NUCLEOTIDES 356E% RESPIRATION 
4260! VIRUSES 4418 +442B+44UC-F 


POX VIRUSES 
ANTIGEN/ANTIBODY REACTIONS 16Ct HYPERSENSIT 
IVITY 2635C# VIRUSES 442A+44S5AB 


RESPIRATORY VIRUSES 
VIRUSES 4360 +4408 +445CD+446B 


~ADENOVIRUSES 
VIRUSES 44S5EF 


-MYXOVIRUSES 
VIRUSES 4416 +442BF ¢e446ABC 


VISCEROTRIPIC VIRUSES 
VIRUSES 4370+446pE 


“HEPATITIS 
ANTIGENS/ANTIBODIES 318% VIRUSES 446F 





VISION 
NEUROPHYSIOLOGY 325C+328A0331B+338C+347B8C 


VITAMIN BO 
SEE! PYRIDOXINE 









VITAMINS 
LIPIDS 267F% VITAMINS 447ABC 


ENDOCRINES 1960s LIPIDS 2698% NUTRITION 36 
3FeS68F¢S72A% TOXICOLOGY 434B% VITAMINS 45 
2CFe453A8 


AMINO ACIDS 4ABe7C% CARDIOVASCULAR SYSTEM 9 
OC+958! CELL STRUCTURE/FUNCTION 140E3 CELL 
/TISSUE CULTURE 149C# ENDOCRINES 180A+200A1 
ENZYMES 225D+228F% GASTROINTESTINAL 244B3 
LIVER 2868+2900t MINERAL METABOLISM 296A; 
NUTRITION 373A VITAMINS 4U7DEF+4uga=F ody 
9ABD*4530 


-Bi2 
AMINO ACIDS 9E% BLOOD 65E% DRUG ACTION 167 
Ft ENDUCRINES 202C+2030! LIPIUS 2728+277E3 

NUCLEIC ACIDS/NUCLEOTIDES 359F3 PROTEINS/ 
POLYPEPTIDES 377a% VITAMINS 449C=Fru50A-F eu 
51A-0+453C 
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AMINO ACIDS 5B% CARBOHYDRATES S4FHB5D3 Coy 
NECTIVE TISSUE 164C% DRUG METABOLISM 1736; 
ENDOCRINES 179F¢180A+185C+118700198C8 ENVIRO, 
MENT 210A8 HYPERSENSITIVITY 262Ft VITAMIN 


4USIES45S3E 
D 
ENDOCRINES 194A$ MINERAL METABULISM 2920 
E 
MUSCLE 297+303C3 NUTRITION 36603 VITAMINS 
447B 
K 


BIOLOGICAL OXIDATIONS 50E*518% BLOOD S2pEy 
530+55ABt VITAMINS 4520 


FAT=SOLUBLE 
BLOOD 52DE+530+55ABs CELL STRUCTURE/FUNCTIO 
N 1350+145At CONNECTIVE TISSUE 162E% ENDO 
RINES 196D0% LIPIDS 2698! MINERAL METABOLIS 
M 292D% MUSCLE 297D+303C# NUTRITION 365EF, 
366D0+368BeS72A4 VITAMINS 451F e452A-F 045348 


FOLIC ACID 
DRUG ACTION 168DE% ENZYMES 227E% HYPERSENS 
ITIVITY 258C% NUCLEIC ACIOS/NUCLEOTIDES 359 
Ft VITAMINS 453c=F+454AB 


UNIDENTIFIED 
VITAMINS 454C 


VOMITING 
NEUROPHYSIOLOGY 327E 
w583 


SEE: DICARBANOYLOXYNE THY. =3=METHYLPENTANE (2) 
2) 


WATER 
SEE ALSO& ENVIRONMENT=UNDERWATERe GASTROINT 
ESTINAL=DIGESTION/ABSORPTION=-WATERe» CARDIOY 
ASCULAR SYSTEM 117F$ CELL STRUCTURE/FUNCTIO 
N 137F% NUTRITION 364A 


WATER METABULISM 
CELL STRUCTURE/FUNCTION 137F# ENDOCRINES 19 
8F+205E4 NEUROPHYSIOLOSY 326F 


WAVE TRANSMISSION 
SEE: CARDIOVASCULAR SYSTEM=BLOOUL VESSE.S=WAY 
F TRANSMISSION 


WHEAT 
NUTRITION 371A% PLANT METABOLISM 375D 





WHEAT FLOUR 
LIPIDS 278C¢ 


WOUND HEALING 


SEE: CONNECTIVE TISSUE=WOUND HEALINGe RADIA 
TIONS-THERMAL 


X-RAYS 


SEE: ROENTGEN Rays 





XANTHIOL 
CARDIOVASCULAR SYSTEM 9OAt PSYCHOPHARMACOLO 
GY 394At TOXICOLOGY 435C¢ 


















XANTHOPHYLLS 
NUTRITION 3635F 


XENON 
CELL STRUCTURE/FUNCTION 142F 


XYLIDINE(2¢4=META) 
GASTROINTESTINAL 243€ 
XYLOSE 
GASTROINTESTINAL 2438 


XYLULOSE 
CARBOHYORATES 65a 
YEAST ee 
SEE ALSU% FUNGI. CARBOHYDRATES 78Ci PROTEL 
_ NS/POLYPEPTIDES 388E Pi 
MINERAL METABOWISM 291B+295DF+296As MUSCLE _ 
301A : 





ZYMOSAN 
FNZYMES 2170% INFECTION/RESISTANCE 265F 


TANE (2s 


STROINT 
CARDIOV 
FUNCTIO 


INES 19 


ELS=WaAyV 











. 








Just as a fingerprint offers positive identification, the Mann Assayed (M.A.) label 
on your research biochemicals identifies, not only the product, but the quality of 
that product. The analysis on the label becomes your protection by giving a known 
starting point with biochemicals of proven quality. Why settle for less? 


SEND FOR OUR FREE NEW 1960-1961 CATALOG CONTAINING: 


Over 450 Amino Acids and Derivatives » About 200 Peptides 
Over 250 Nucleoprotein, Purine and Pyrimidine Compounds RUSH ORDER 
160 Hormones and Intermediates » 78 Enzyme Substrates ge 
150 Carbohydrates * 230 Separate Alkaloids « Vitamins BEekman 3-5865 
Blood Fractions * Purified Proteins » Fatty Acids 

Miscellaneous Biochemicals « Antibiotics * Antimetabolites 




















It’s What’s Inside That Counts! 














Packard Tri-Carb 
Liquid Scintillation Spectrometer 


Accurately and automatically 





( NX achieves the best experimental 
YA results presently possible utilizing 
idkes the latest radioactive tracer 

— counting methods for such 

Y materials as proteins, lipids, 

CA amino acids, tissue, body fluids, 

ne aqueous solutions, tritiated 

S water, and carbon dioxide. 

\ In the first six months after the 


transistorized Tri-Carb replaced 
f its vacuum-tube predecessor, more 
' than a hundred installations were 





made in 15 countries on four 
continents. More samples of tritium, 3 ; 
carbon-14, and other alpha- and 
beta-emitters are now being 

counted in the Packard Tri-Carb Spectrometer 

than in any other instrument. A 








NY You will be interested in our latest bulletin, which 
\ shows “‘what’s inside” the transistorized Tri-Carb Spectrometer 
y that makes it count so well . . . so reliably. i 


WRITE OR PHONE, REQUESTING BULLETIN 315. 





\ 
wN TRI-CARB LIQUID SCINTILLATION SPECTROMETERS * AUTO-GAMMA SPECTROMETER 
LS SYSTEMS + FRACTION COLLECTORS + FLOW DETECTORS + RATEMETERS + SCALERS 
A ROR ARRRIN [Plackard Instrument Company, Inc. (khanna 
, 
BOX 428-C, LA GRANGE, ILLINOIS . PHONE HUnter 5-6300 i 


CHICAGO « ALBUQUERQUE « ATLANTA*+ BOSTON + LOS ANGELES +» NEW YORK «+ PHILADELPHIA « PITTSBURGH 
SAN FRANCISCO + WASHINGTON, D.C.+ ZURICH + PARIS 





